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What is the meaning of enthalpy change

Thermodynamics is the study of the relationship between heat (or energy) and work. Enthalpy is a central factor in thermodynamics. It's the heat content of a system. The heat that passes in or out of the system during a reaction is the change in enthalpy. Whether the enthalpy of the system increases (i.e.
when energy is added) or decreases (because the energy is exo given) is a crucial factor determining whether a reaction can occur. Sometimes, we call the energy of the molecules being changed the internal enthalpy. Sometimes, we call it system enthalpy. These two sentences refer to the same thing.
Similarly, the energy of molecules that do not take part in the reaction is called the external enthalpy or enthalpy of the surrounding environment. Roughly, 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
energy factor, entropy, which we must also consider in reactions. For now, we're just going to look at enthalpy. Enthalpy is the heat content of a system. The enthalpy change of a reaction is approximately equivalent to the amount of energy lost or gained during the reaction. A reaction is favored if the
enthalpy of the system decreases compared to the reaction. The last statement is very similar to the description of the energy on the previous page. If a system undergoes a reaction and emits energy, its energy content decreases. He's got less energy left, he's given away a little bit. Why does the energy
of a set of molecules change when a reaction occurs? To respond to this, we need to think about what happens in a chemical reaction. In a reaction, there is a change in chemical bonding. Some of the bonds in the reagents are broken and new ties are made to form the products. It costs energy to break
bonds, but energy is released when new bonds are made. Whether a reaction is able to move forward may depend on the balance between these bond-making and bond-breaking steps. A reaction is exothermic if more energy is released by the formation of new bonds than that consumed by breaking old
bonds. One reaction is exothermic if weaker bonds are traded for stronger bonds. One reaction is endothermic if bond breakage costs more energy than bond production. Binding energies (the amount of energy that needs to be added to break a bond) are an important factor in determining whether a
reaction will occur. The strengths of the bond are not always easy to predict, because the strength of a bond depends on a number of factors. However, many people have done a lot of work measuring the of bond strength, and they collected the information in the tables, so if you need to know how strong
a bond is, you can just search for 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 want to know if methane combustion is an exothermic or endothermic reaction. I guess it's
esothermic, because this reaction (and others like it) is used to provide heat to many homes by burning natural gas in ovens. Methane combustion means that it is burned in the air, so that it reacts with oxygen. The products of hydrocarbon combustion are mainly carbon dioxide and water. The carbon
atom in methane (CH4) is incorporated into a carbon dioxide molecule. Hydrogen atoms are embedded in water molecules. There are four hydrogen atoms in methane, so it's enough to produce two molecules of H2O. Four C-H bonds must be broken in methane combustion. Four new O-H bonds are
made when methane hydrogenates are added to new water molecules. Two new C=O bonds are made when methane carbon is added to a CO2 molecule. The other piece of the puzzle is the source of oxygen for the reaction. Oxygen is present in the atmosphere mainly as O2. Because 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 molecules of O2. Two O=O bonds must be broken to provide oxygen atoms for products. Overall, these are four broken C-H
and two O=O bonds, plus two C=O and four O-H bonds made. This is 4 x 99 kcal/mol for the C-H and 2 x 119 kcal/mol bonds for the O=O bonds, for a total of 634 kJ/mol added. The reaction releases 2 x 180 kcal/mol for the C=O and 4 x 111 kcla/mol bonds for oh bonds, for a total of 804 kcal/mol.
Overall, there is 170 kcal/mol more released than it is consumed. This means that the reaction is exothermic, so it produces heat. It's probably a good way to warm up your home. Compare ethane combustion with methane combustion. Write a reaction for burning ethane, CH3CH3, to carbon dioxide and
water. How many carbon dioxide molecules would be produced by an ethane molecule? How many water molecules would be produced by an ethane molecule? How many oxygen molecules would be needed to provide oxygen atoms to take steps in questions b) and c)? How much energy is
consumed/produced by the reaction? Compare this result with that for methane. The Haber-Bosch process is used to make ammonia for fertilizer. It uses the reaction of gaseous hydrogen (H2) with atmospheric nitrogen (N2) in a 3:1 ratio to produce ammonia (NH3). Write a reaction for the Haber-Bosch
process. How many ammonia molecules would be produced from a nitrogen molecule? energy is consumed/produced by the reaction? The change in enthalpy is the change in heat that accompanies a chemical reaction at constant volume or constant pressure. The change in enthalpy indicates the
amount of heat absorbed or evolved during the reaction. It is indicated by ΔH. ΔH. of Enthalpy Change Enthalpy change of a reaction expressed in different ways depending on the nature of the reaction. Some are discussed below: Heat of formation The change in enthalpy that occurs when a mole of
compound is formed from its elements. It is denoting ΔHf. As for example, the heat of formation of ferrous sulfide from its elements is given below: Fe(s) + S(s) → FeS(s) ΔHf = -24.0 kcal Combustion heat The change in enthalpy that occurs when a mole of compound is completely burned in excess of air
or oxygen. It is indicated by ΔHc. For example, methane combustion heat is as follows: CH4(g) + 2O2(g) → CO2(g) + 2H2O(l) ΔHc = -21.0 kcal Neutralization heat The enthalpy change that occurs when an equivalent gram of an acid is completely neutralized with a basic equivalent gram in diluted
solution. As for example, the neutralization heat of nitric acid and sodium hydroxide is as follows: HNO3(aq) + NaOH(aq) → NaNO3(aq) + H2O(l) ΔH = -13.69 kcal Heat of the solution The change in enthalpy that occurs when a mole of substance is dissolved in specified amounts of solvent at a given
temperature. As for example, the heat of the magnesium sulfate solution is as follows: MgSO4 (s) + H2O(l) → MgSO4(aq) ΔH = -20.28 kcal Calculation of the variation of enthalpy The enthalpy of a system is measured by the sum of the internal energy and the product at constant pressure and volume. H =
E + PV ....................................... (i) Here E = internal energy, P = pressure and V = volume of the system. It is also called heat content. Thus the change in enthalpy is ΔH = Hproducts – Hreactants ΔH = Hp – Hr .................. (ii) If ΔV = the change in volume at constant temperature and pressure, ΔE = the
sum of the change in internal energy at constant volume and ΔH = the constant pressure enthalpy variation. So from equation (i) we can write, ΔH = ΔE + PΔV ..................... (iii) Consider an aA + bB reaction → cC + dD Here, Change in the number of moles = no.of moles of products – no. of moles of
reagents. = (c + d) – (a + b) = Δn If V = the volume occupied by a mole of gas, the change in volume, ΔV = variation in no. of moles X volume occupied by a mole of gas. ΔV = Δn X V PΔV = P(Δn X V) PΔV = PV X Δn ....................... (iv) But for a mole of gas PV = RT. By placing this value in equation (iv)
we get PΔV = RT X Δn By replacing the value of PΔV in equation (iii) we get ΔH = ΔE + Δn RT Here it should be noted that to calculate Δn, the no. of moles of reagents and produced only in the gaseous state are considered. The value gas constant R = 8,314 J/mol. K or 1.987 exothermic and
endothermic cal/mol.K. Let's consider a constant pressure reaction, A + B → riscritting equation C+ D (ii) we get ΔH = Hp – Hr ΔH = (HC + HD) – (HA + HB) The value of ΔH can be positive, negative or zero. If ΔH is zero, it means that there is no change in heat during the reaction, nor is the heat
absorbed or evolved. ∆H Type of energy reaction + Endothermic absorbed - Evolved esothermal In case ΔH is positive which means hp is greater than Hr, then the heat is absorbed or the reaction is endothermic. And when ΔH is negative it means that Hp is less than Hr, then the heat evolves or the
reaction is exothermic. 4.63/5 (175) Measurement of energy in a thermodynamic system Not to be confused with Entropy. ThermodynamicsThe classic thermal engine Carnot Rami Classic Statistics Thermodynamic Quantum Chemistry Balance / Non-equilibrium Read Zeroth First Second Third System
State Equation of The State Ideal Gas Real Gas State of Matter Balance Control Volume Instruments Isothermal Isothermal Processes Isothermal Adiabatic Isentropic Isenthalpic Quasistatic Polystatic Free Expansion Irreversibility Irreversibility Endo Riversibility cycles Heat engines Heat pumps Thermal
efficiency System propertiesNota: variables conjugated in italics Property diagrams Properties Intensive and extensive functions Process functions Heat State functions Temperature / Entropy (introduction) Pressure / Volume Chemical potential / Steam quality Reduced properties Material properties
Properties Thermal capacity properties specification c = {\displaystyle c=} T {\displaystyle T} ∂ {\displaystyle \partial S} N {\displaystyle N} ∂ T {\displaystyle \partial T} Compressibility β = − {\displaystyle \beta =-} 1 {\displaystyle 1} β ∂ V {\displaystyle \partial V} V {\displaystyle V} ∂ p {\displaystyle \partial p}
Thermal expansion α = {\displaystyle \alpha =} 1 {\displaystyle 1} ∂ V {\displaystyle \partial V} V {\displaystyle V} ∂ T {\displaystyle \partial T} Carnot's theorem Clausius' theorem Fundamental relation Ideal gas law Maxwell's relations Onsager relations Bridgman equations Table of potential thermodynamic
equations Free energy Entropy free Internal energy U ( S , V ) {\displaystyle U(S,V)} Enthalpy H ( S , p ) = U + p V {\displaystyle H(S,p)=U+pV} Free energy of Helmholtz A ( T , V ) = U − T S {\displaystyle A(T,V)=U-TS} Gibbs free energy G ( T , p ) = H − T S {\displaystyle G(T,p)=H-TS} HistoryCulture
History General Entropy Gas laws Perpetual motion machines Philosophy Entropy and time Entropy and time Entropy and life Brownian ratchet Maxwell demon Heat death paradox Loschmidt's paradox Synergetics Theories Caloric theory Heat Living Vis (living force) Mechanical heat equivalent Power
drive Key publications An Experimental EnquiryConcerning ... ... On the balance of heterogeneous substances Reflections on the emotional ness of fire Timelines Thermodynamics Thermal motors ArtEducation Maxwell Thermodynamic surface Entropy as energy dispersion Scientists Bernoulli Boltzmann
Carnot Clapeyron Clausius Carathéodory Duhem Gibbs von HelmholTz Joule Maxwell von Mayer Onsager Rankine Smeaton Stahl Thompson Thomson van der Waals Waterston Book Categoryvte Enthalpy is a property of a thermodynamic system, defined as the sum of the system's internal energy and
the product of its pressure and volume. [1] [2] It is a convenient state function normally used in many measurements in constant pressure chemical, biological, and physical systems. The term pressure-volume expresses the work necessary to establish the physical dimensions of the system, that is, to
make room for it by moving the surrounding environment. [3] [4] As a function of state, enthalpy depends only on the final configuration of internal energy, pressure, and volume, not the path taken to achieve it. The unit of measurement for enthalpy in the International System of Units (SI) is the joule. Other
historical conventional units still in use include the British Thermal Unit (BTU) and the Caloria. The total enthalpy of a system cannot be measured directly because the internal energy contains unknown components, not easily accessible or not of interest to thermodynamics. In practice, a change in
enthalpy (ΔH) is the preferred expression for constant pressure measurements, because it simplifies the description of energy transfer. When also preventing the transfer of matter inside or outside the system, the change in enthalpy is equivalent to the energy exchanged with the environment by heat.
Calibrating enthalpy changes requires a reference point. Enthale for constant pressure chemicals usually refer to the standard state: most commonly 1 bar (100 kPa) pressure. The standard state does not strictly specify a temperature, but expressions for enthalpy generally refer to the standard heat of
formation at 25 °C (298 K). For endothermic processes (heat absorption), change ΔH is a positive value; for exothermic processes (heat release) is negative. The enthalpy of an ideal gas is independent of its pressure and depends only on its temperature, which is related to its internal energy. Real gases
at common temperatures and pressures often closely approximate this behavior, simplifying design and practical thermodynamic analysis. Definition The H enthalpy of a thermodynamic system is defined as the sum of its internal energy u and the work required to reach its pressure and volume:[5][6] H =
U + pV, where p is pressure, and V is the volume of the Enthalpy is an extended property; is proportional to the size of the system (for homogeneous systems). As an intensive property, the specific enthalpy h = = a unit of mass m of the system is referred to, and the molar enthalpy Hm is H/n, where n is
the number of moles. For uneven systems, enthalpy is the sum of the enthale of the subsystems that make up: H = ∑ k H k , {\displaystyle H=\sum _{k}H_{k},} where H is the total enthalpy of all subsystems, k refers to the various subsystems, Hk refers to the enthalpy of each subsystem. A closed system
may be in thermodynamic equilibrium in a static gravitational field, so that its pressure p continuously changes with altitude, while, due to the equilibrium requirement, its temperature T is invariant with altitude. (As a result, the gravitational potential energy density of the system also varies with altitude.)
Thus the enthalpy summation becomes an integral part: H = ∫ ( ρ h ) d V , {\displaystyle H=\int (\rho h)\,dV,} where ρ (rho) is density (mass per volume unit), h is the specific enthalpy (enthalpy per unit mass), (ρh) represents the density of enthalpy (enthalpy per unit volume), dV denots a small infinitesimal
element of volume within the system, for example, the volume of an infinitely thin horizontal layer, the integral thus represents the sum of the enthale of all the elements of the volume. The enthalpy of a closed homogeneous system is its function of cardinal energy H(S,p), with natural state variables its
entropy S[p] and its pressure p. A differential relation for it can be derived as follows. It starts with the first law of thermodynamics for closed systems for an infinitesimal process: d U = δ Q − δ W , {\displaystyle dU=\delta Q-\delta W,} where ΔQ is a small amount of heat added to the system, ΔW is a small
amount of work performed by the system. In a homogeneous system in which only reversible, or almost static, processes are considered, the second law of thermodynamics gives ΔQ = T dS, with T the absolute temperature and dS the infinitesimal change in the entropy S of the system. Also, if only pV
work is performed, ΔW = p dV. Consequently, d U = T d S − p d V . {\displaystyle dU=T\,dS-p\,dV.} Adding d(pV) to both sides of this expression gives d U + d ( p V ) = T d S − p d V + d ( p V ), {\displaystyle dU+d(pV)=T\,dS-p\,dV+d(pV),} or d ( U + p V ) = T d S + V d p . {\displaystyle



d(U+pV)=T\,dS+V\,dp.} So d H ( S , p ) = T d S + V d p . {\displaystyle dH(S,p)=T\,dS+V\,dp.} Other expressions The above dH expression in terms of entropy and pressure may not be familiar to some readers. However, there are expressions in terms of more familiar variables such as temperature and
pressure:[5]:88[7] d H = C p d T + V ( 1 − α T ) d p . {\displaystyle dH=C_{p}\,dT+V(1-\alpha T)\,dp.} Here Cp is the thermal capacity at constant pressure and α is the coefficient of thermal expansion (cubic): α 1 V ( ∂ V ∂ T ) p . {\displaystyle \alpha ={\frac {1}{V}}\left({\frac {\partial V}{\partial T}}\right)_{p}.}
T}}\right)_{p}.} this expression can, in principle, determine enthalpy if Cp and V are known as functions of p and T. Note that for an ideal gas, αT = 1,[note 1] so that d H = C p d T . {\displaystyle dH=C_{p}\,dT.} In a more general form, the first law describes internal energy with additional terms involving
chemical potential and the number of particles of various types. The differential instruction for dH thus becomes d H = T d S + V d p + ∑ i μ i d N i , {\displaystyle dH=T\,dS+V\,dp+\sum _{i}\mu _{i}\,dN_{i},} where μi is the chemical particle potential for a type i particle, and Ni is the number of such particles.
The last term can also be written as μi dni (with dni the number of moles of component i added to the system and, in this case, μi the molar chemical potential) or as μi dmi (with dmi the mass of the component I added to the system and, in this case, μi the specific chemical potential). Cardinal functions
Enthalpy, H(S[p],p,{Ni}), expresses the thermodynamics of a system in energy representation. Depending on the state, its arguments include both intense and several extended state variables. State variables S[p], p, and {Ni} are said to be the natural state variables in this representation. They are suitable
for describing processes in which they are experimentally controlled. For example, in an idealized process, S[p] and p can be controlled by preventing heat and material transfer by enclosing the system with an adiathermic, matter-impermeable wall, and making the process infinitely slow, and varying only
the external pressure on the piston that controls the volume of the system. This is the basis of the so-called adiabatic approximation that is used in meteorology. [8] Alongside enthalpy, with these arguments, the other cardinal function of the state of a thermodynamic system is its entropy, as a function,
S[p](H,p,{Ni}), of the same list of state variables, except that entropy, S[p], is replaced in the list by enthalpy, H. Expresses the representation of entropy. State variables H, p, and {Ni} are said to be the natural state variables in this representation. They are suitable for describing processes in which they
are experimentally controlled. For example, H and p can be controlled by allowing heat transfer and varying only the external pressure on the piston that sets the volume of the system. [9] [10] [11] Physical interpretation The term U can be interpreted as the energy needed to create the system, and the
term pV as the work that would be needed to make room for the system if the pressure of the environment remained constant. For example, when a system n moles of a gas of volume V at pressure p and temperature T, is created or brought to its present state from absolute zero, must be supplied equal
to its internal energy U plus pV, where pV is is work done to push against environmental (atmospheric) pressure. In basic physics and statistical mechanics it may be more interesting to study the internal properties of the system and therefore internal energy is used. [12] In basic chemistry, experiments
are often conducted at constant atmospheric pressure, and pressure-volume work represents an energy exchange with the atmosphere that cannot be accessed or controlled, so that ΔH is the expression chosen for reaction heat. For a thermal engine, a change in its internal energy is the difference
between the heat input and the pressure-volume work done by the working substance while a change in its enthalpy is the difference between the heat input and the work done by the engine:[14] d H = δ Q − δ W {\displaystyle dH=\delta Q-\delta W} where the work W performed by the engine is : W = − ∮ ⁡
p d V {\displaystyle W=-\unint pdV} Relationship to heat To discuss the relationship between the increase in enthalpy and the heat supply, we return to the first law for closed systems, with the convention of physical signs: dU = δQ − δW, where heat δQ is provided by conduction, radiation and Joule
heating. We apply it to the special case with constant pressure on the surface. In this case the working term can be divided into two contributions, the so-called pV work, given by p dV (where here p is the pressure on the surface, dV is the increase in the volume of the system), and the so-called isocoric
mechanical work δW′, how to mix with a shaft with blades or an externally guided magnetic field acting on an internal rotor. Cases of long-range electromagnetic interaction require additional state variables in their formulation and are not considered here. Then we write δW = p dV + δW′. In this case the
first law reads: d U = δ Q − p d V − δ W ′ . {\displaystyle dU=\delta Q-p\,dV-\delta W'.} Now, d H = d U + d ( p V ) . {\displaystyle dH=dU+d(pV).} So d H = δ Q + V d p + p d V − p d V − δ W ′ {\displaystyle dH=\delta Q+V\,dp+p\,dV-p\,dV-\delta W'} = δ Q + V d p − δ W ′ . {\displaystyle \,\,=\delta Q+V\,dp-
\delta W'.} With the sign convention of physics, δW' &lt; 0, because the work of the isocoric tree done by an external device on the system adds energy to the system, and can be seen as virtually adding heat. The only thermodynamic mechanical work carried out by the system is the expansion work, p dV.
The system is under constant pressure (dp = 0). As a result, the increase in the enthalpy of the system is equal to the added heat and virtual heat: d H = δ Q − δ W ′ . {\displaystyle dH=\delta Q-\delta W'.} This is why the now obsolete term heat content was used in the 19th century. Applications In
thermodynamics, enthalpy can be calculated by determining the requirements for creation of a system out of nothing; the mechanical work required, pV, differs according to the that are obtained during the creation of the thermodynamic system. Energy must be provided to remove particles from the
surrounding environment to make room for system creation, assuming the pressure p remains constant; this is the term pV. The energy supplied must also provide the change in internal energy, U, which includes activation energies, ionization energies, mixing energies, vaporization energies, chemical
bond energies, and so on. Together, these constitute the change in enthalpy U + pV. For constant pressure systems, without external work other than pV work, the change in enthalpy is the heat received by the system. For a simple system, with a constant number of particles, the enthalpy difference is the
maximum amount of thermal energy that can be derived from a thermodynamic process in which the pressure is kept constant. [16] Reaction heat Main article: Standard reaction enthalpy The total enthalpy of a system cannot be measured directly; instead, the change in enthalpy of a system is measured.
The enthalpy change is defined by the following equation: Δ H = H f − H i , {\displaystyle \Delta H=H_{\mathrm {f} }-H_{\mathrm {i} },} where ΔH is the enthalpy change. Hf is the final enthalpy of the system (in a chemical reaction, the enthalpy of the products), Hi is the initial enthalpy of the system (in a
chemical reaction, the enthalpy of the reagents). For a constant pressure exothermic reaction, the system's enthalpy change is equivalent to the energy released in the reaction, including energy retained in the system and lost by expansion against the surrounding environment. Similarly, for an
endothermic reaction, the system's enthalpy change is equal to the energy absorbed in the reaction, including the energy lost by the system and obtained by compression from the surrounding environment. If ΔH is positive, the reaction is endothermic, i.e. the heat is absorbed by the system due to the
reaction products that have greater enthalpy than reagents. On the other hand, if ΔH is negative, the reaction is exothermic, i.e. the overall decrease in enthalpy is achieved by heat generation. From the definition of enthalpy as H = U + pV, enthalpy changes at constant pressure ΔH = ΔU + p ΔV.
However, for most chemical reactions, the working term p ΔV is much smaller than the internal energy change ΔU which is approximately equal to ΔH. For example, for the combustion of carbon monoxide 2 CO(g) + O2(g) → 2 CO2(g), ΔH = −566.0 kJ and ΔU = −563.5 kJ. Because the differences are so
small, reaction enthale are often vaguely described as reaction energies and analyzed in terms of bond energies. Specific enthalpy The specific enthalpy of a uniform system is defined as h H/m where m is the mass of the system. The SI unit for specific enthalpy is joule per kilogram. It can be expressed
in other quantity for h = u + pv, where u is the specific internal energy, p is the pressure, and v is specific volume, which is equal to 1/ρ, where ρ is the density. Enthalpy changes A change in enthalpy describes the change in enthalpy observed in constituents of a thermodynamic system during a chemical
transformation or reaction. It is the difference between enthalpy after the completion of the process, i.e. the enthalpy of the products, and the initial enthalpy of the system, namely the reagents. These processes are reversible[why?] and enthalpy for the reverse process is the negative value of the forward
variation. A common change in standard enthalpy is the enthalpy of formation, which has been determined for a large number of substances. Enthalpy changes are regularly measured and compiled into chemical and physical reference work, such as the CRC's Manual of Chemistry and Physics. The
following is a selection of enthalpy changes commonly recognized in thermodynamics. When used in these recognized terms, the qualifier change is typically deleted and the property is simply referred to as a 'process' enthalpy. Because these properties are often used as reference values, it is very
common to mention them for a standardized set of environmental parameters, or standard conditions, including: A temperature of 25 °C or 298.15 K, A pressure of an atmosphere (1 atm or 101,325 kPa), A concentration of 1.0 M when the element or compound is present in solution, elements or
compounds in their normal physical states, i.e. standard state. For such standardized values the name of enthalpy is commonly preceded by the standard term, e.g. standard enthalpy of training. Chemical Properties: Reaction enthalpy, defined as the enthalpy change observed in a constituent of a
thermodynamic system when a mole of substance reacts completely. Enthalpy of formation, defined as the change in enthalpy observed in a constituent of a thermodynamic system when a mole of a compound is formed from its elementary antecedents. Combustion enthalpy, defined as the enthalpy
change observed in a constituent of a thermodynamic system when a mole of a substance burns completely with oxygen. Hydrogenation enthalpy, defined as the enthalpy change observed in a constituent of a thermodynamic system when a mole of an unsaturated compound reacts completely with an
excess of hydrogen to form a saturated compound. Enthalpy of atomization, defined as the change in enthalpy necessary to completely atomize a mole of compound. Neutralization enthalpy, defined as the enthalpy change observed in a constituent of a thermodynamic system when a water mole forms
when an acid and a base Standard solution enthalpy, defined as the enthalpy change observed in a constituent of a thermodynamic system when a solute mole is dissolved completely in excess so that the solution is infinitely dilution. Standard denaturation enthalpy (biochemistry), defined as the change
in enthalpy required to denature a mole of compound. Hydration enthalpy, defined as the change in enthalpy observed when a mole of gaseous ions is completely dissolved in water forming a mole of aqueous ions. Physical Properties: Melting enthalpy, defined as the change in enthalpy required to
completely change the state of a mole of substance between solid and liquid states. Vaporization enthalpy, defined as the change in enthalpy necessary to completely change the state of a mole of substance between liquid and gaseous states. Enthalpy of sublimation, defined as the change in enthalpy
necessary to completely change the state of a mole of substance between solid and gaseous states. Reticular enthalpy, defined as the energy needed to separate a mole of an ion compound into separated gaseous ions at a separate infinite distance (which means no pull force). Mixing enthalpy, defined
as the change in enthalpy at the time of mixing of two chemicals (non-reagents). Open systems In open thermodynamic systems, the mass (of substances) can flow within and out of the system boundaries. The first law of thermodynamics for open systems states: The increase in the internal energy of a
system is equal to the amount of energy added to the system by mass flow in and by heating, minus the amount lost by the flowing mass and in the form of work done by the system: d U = δ Q + d U in − d U out − δ W , {\displaystyle dU=\delta Q+dU_{\text{in}}-dU_{\text{out}}-\delta W,} where Uin is the
average internal energy entering the system and Uout is the average internal energy leaving the system. During constant and continuous operation, an energy balance applied to an open system equates the work of the shaft performed by the system with the added heat plus the net enthalpy added The
region of space enclosed by the boundaries of the open system is usually called the control volume and may or may not correspond to the physical walls. If we choose the shape of the control volume so that all inbound or outbound flow occurs perpendicular to its surface, then the mass flow in the system
does the work as if it were a fluid thrust mass piston in the system, and the system does the work on the mass flow outside as if driving a fluid piston. There are therefore two types of work performed: the flow work described above, which is performed on the fluid (this is also often called pV work), and the
work of the tree, which can be done on some mechanical device. These two types of work are expressed δ W = d ( p out V out ) − d ( p in V in ) + δ W shaft . {\displaystyle \delta W=d(p_{\text{out}}V_{\text{out}})-d(p_{\text{in}}V_{\text{in}})+\delta W_{\text{shaft}}.} Sostituzione nell'equazione precedente per
i rendimenti del volume di controllo (cv): d U cv = δ Q + d U in + d ( p in in in ) − d U out − d ( p out V out ) − δ W. {\displaystyle dU_{\text{cv}}=\delta Q+dU_{\text{in}}+d(p_{\text{in}}V_{\text{in}})-dU_{\text{out}}-d(p_{\text{out}}V_{\text{out}})-\delta W_{\text{shaft}}.} The definition of enthalpy, H, allows us to
use this thermodynamic potential to take into account both internal energy and pV work in open system fluids: d U cv = δ Q + d H in − d H out − shaft δ W . {\displaystyle dU_{\text{cv}}=\delta Q+dH_{\text{in}}-dH_{\text{out}}-\delta W_{\text{shaft}}.} If we also allow at the limit of the system to move (for
example due to moving pistons), we get a rather general form of the first law for open systems. [19] In terms of time derivatives it reads: d U d t = ∑ k Q - k + ∑ k H - ∑ k p k d v d t − P , {\displaystyle {\frac {dU}{dt}}=\sum _{k}{{\dot {Q}}_{k}+\sum _{k}{\dot {H}}_{k}-\sum _{k}p_{k}{\frac {dV_{k}}{dt}}-P,} with
sums at various k-points where heat is supplied, the mass flows into the system. and the boundaries are moving. The Ḣk represent flows of enthalpy, These can be written as H- k = h k m k = H m n k , {\displaystyle {\dot {H}}_{k}=h_{k}{\dot {m}}_{k}=H_{\mathrm {m} }{\dot {n}}_{k},} with the bulk stream and
the molar stream in position k, respectively. The term dVk/dt represents the rate of change in system volume at position k which translates to pV power performed by the system. Parameter P represents all other forms of power made by the system such as the power of the shaft, but it can also be, for
example, electricity produced by a power plant. Note that the above expression is true only if the kinetic energy flow is preserved between the input and output of the system. [clarification required] Otherwise, it must be included in the enthalpy budget. During stationary operation of a device (see turbine,
pump and motor), the average dU/dt can be set to zero. This produces a useful expression for the average power generation for these devices in the absence of chemical reactions: P = ∑ k ⟨ Q ⟩ + ∑ k ⟨ H ⟩ − ∑ k ⟨ p k d V k d t ⟩ , {\displaystyle P=\sum _{k}\left\langle {\dot {Q}}_{k}\right\rangle +\sum
_{k}\left\langle {\dot {H}}_{k}\right\rangle -\sum _{k}\left\langle p_{k}{\frac {dV_{k}}{dt}}\right\rangle ,} where angle brackets indicate time averages. The technical importance of enthalpy is directly related to its presence in the first law for open systems, as formulated above. Diagrams T-s nitrogen diagram.
The red curve on the left is the melting curve. The red dome represents the two-phase region with the low entropy side the saturated liquid and the high entropy side the saturated gas. Black curves give the T-s relationship along the isobares. Pressures are indicated in the bar. The blue curves are
(constant enthalpy curves). The values are shown in blue in kJ/kg. Specific points a, b, b, are dealt with in the main text. The enthalpy values of important substances can be obtained using commercial software. Practically all relevant properties of the material can be obtained in both table and graphic
form. There are many types of diagrams, such as h-T diagrams, which give specific enthalpy as a function of temperature for various pressures, and h-p diagrams, which give h as a function of p for various T's. One of the most common diagrams is the temperature-specific entropy diagram (T-s diagram).
It provides the melting curve and saturated values of liquid and steam along with isobare and isenthalps. These diagrams are powerful tools in the hands of the thermal engineer. Some basic applications Points from to h in the figure play a role in the discussion in this section. Point T (K) p (bar) s (kJ/(kg
K)) h (kJ/kg) at 300 1 6.85 461 b 380 2 6.85 530 c 300 200 5.16 430 d 270 1 6.79 430 and 108 13 3.55 100 f 77.2 1 3.75 100 g 77.2 1 2.83 28 h 77.2 1 5.41 230 Points and g are saturated liquids, and point h is a saturated gas. Main throttling article: Schematic Joule-Thomson effect of a stationary state
limitation. The fluid enters the system (dotted rectangle) in step 1 and leaves it in step 2. The mass flow is but. One of the simple applications of the concept of enthalpy is the so-called throttling process, also known as the Joule-Thomson expansion. It is a constant adiabatic flow of a fluid through flow
resistance (valve, porous plug or any other type of flow resistance) as shown in the figure. This process is very important, since it is in the center of domestic refrigerators, where it is responsible for the temperature drop between the room temperature and the inside of the refrigerator. It is also the final
stage in many types of liqueurs. For a steady-state flow regime, the enthalpy of the system (dotted rectangle) must be constant. So 0 = m 1 − m and h 2. {\displaystyle 0={\dot {m}}h_{1}-{\dot {m}}h_{2}.} Because the mass flow is constant, the specific enthale on both sides of the flow resistance are the
same: h 1 = h 2 , {\displaystyle h_{1}=h_{2},} i.e. enthalpy per unit mass does not change during throttling. The consequences of this relationship can be demonstrated using the T-s diagram above. Point c is at 200 bar and room temperature (300 K). A Joule-Thomson expansion from 200 bar to 1 bar
follows a constant enthalpy curve of about 425 kJ/kg (not shown in the diagram) located between the 400 and 450 kJ/kg isenthalps and ends at point d, which is at a temperature of about 270 K. Hence the expansion from 200 bar to 1 bar cools nitrogen from 300 K to 270 K. In the valve, there is a lot of
friction and a lot of entropy is produced, but the final temperature is still below initial value. The and point is chosen so that it is on the saturated liquid line with h = = It corresponds approximately to p = 13 bar and T = 108 K. Limitation from this point to a pressure of 1 bar ends in the two-phase region
(point f). This means that a mixture of gas and liquid leaves the limiting valve. Since enthalpy is an extended parameter, the enthalpy in f (hf) is equal to the enthalpy in g (hg) multiplied by the liquid fraction in f (xf) plus the enthalpy in h (hh) multiplied by the gaseous fraction in f (1 − xf). So h f = x f h g + ( 1
− x f ) h h . {\displaystyle h_{\mathbf {f} }=x_{\mathbf {f} }h_{\mathbf {g} }+(1-x_{\mathbf {f} })h_{\mathbf {h} }.} With numbers: 100 = xf × 28 + (1 − xf) × 230, then xf = 0.64. This means that the mass fraction of the liquid in the liquid-gas mixture that leaves the throttling valve is 64%. Compressors Main
article: Schematic diagram of the gas compressor of a stationary compressor. The fluid enters the system (dotted rectangle) in step 1 and leaves it in step 2. The mass flow is but. A P power is applied and a Q- heat flow is released into the surrounding environment at room temperature Ta. A power P is
applied, for example as electricity. If the compression is adiabatic, the gas temperature rises. In the reversible case it would be constant entropy, which corresponds to a vertical line in the T-s diagram. For example, compressing nitrogen from 1 bar (point a) to 2 bar (point b) would increase the
temperature from 300 K to 380 K. To allow the outlet of compressed gas at room temperature Ta, heat exchange is required, for example by cooling water. In the ideal case, compression is isothermal. The average heat flow to the surrounding environment is Q.A. Since the system is stationary, the first
law gives 0 = − Q- + m - h 1 − m- h 2 + P . {\displaystyle 0=-{\dot {Q}}+{\dot {m}}h_{1}-{\dot {m}}h_{2}+P.} The minimum power required for compression is realized if the compression is reversible. In this case, the second law of thermodynamics for open systems gives 0 = − Q-T a + m-s 1 − m-s 2 .
{\displaystyle 0=-{\frac {\dot {Q}}{T_{\mathrm {a} }}}+{{\dot {m}}s_{1}-{\dot {m}}s_{2}.} Eliminating Q- gives for the minimum power P min m = h 2 − h 1 − T a ( s 2 − s 1 ). {\mailstyle {\frac {P_{\text{min}}}{\dot {m}}}=h_{2}-h_{1}-T_{\mathrm {a} }(s_{2}-s_{1}).} For example, compressing 1 kg of nitrogen from 1
bar to 200 bar costs at least (hc − ha) − Ta(sc − sa). With the data, obtained from the T-s diagram, we find a value of (430 − 461) − 300 × (5.16 − 6.85) = 476 kJ/kg. The power ratio can be further simplified by writing it as P min m = ∫ 1 2 ( d h − T a d s ). {\displaystyle {\frac {P_{\text{min}}}{\dot {m}}}=\int
_{1}^{2}(dh-T_{\mathrm {a} }\,ds).} With dh = T ds + v dp, this translates into the final relation P min m = ∫ 1 2 v d . {\stilesposte {\frac {P_{\text{min}}}{\dot {m}}}=\int _{1}^{2}v\,dp.} _{1}^{2}v\,dp.} The term enthalpy was coniced relatively late in the history of thermodynamics in the early 20th century. Energy
was introduced in a modern sense by Thomas Young in 1802, while entropy was conical by Rudolf Clausius in 1865. Energy uses the root of the Greek word for work, which means work, to express the idea of the ability to perform the work. Entropy uses the Greek word τροπή (tropē) which means
transformation. Enthalpy uses the root of the Greek word θάλπος (thalpos) heat, heat[21] The term expresses the obsolete concept of heat content,[22] since dH refers to the amount of heat earned in a process only at constant pressure,[23] but not in the general case where the pressure is variable.
Josiah Willard Gibbs used the term a thermal function for constant pressure for clarity. [Note 2] The introduction of the concept of heat content H is associated with Benoît Paul Émile Clapeyron and Rudolf Clausius (Clausius–Clapeyron report, 1850). The term enthalpy first appeared in print in 1909. It is
attributed to Heike Kamerlingh Onnes, who most likely introduced him orally the year before, at the first meeting of the Institute of Refrigeration in Paris. It only gained currency in the 1920s, particularly with Mollier Steam tables and diagrams, published in 1927. Until the 1920s, the symbol H was used,
inconsistently, for heat in general. The definition of H as strictly limited to enthalpy or constant pressure heat content was formally proposed by Alfred W. Porter in 1922. [27] [28] See also Standard change in training enthalpy (data table) Calorimetry Starting function The starting function Hess Law
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