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you should try to answer the question without speaking to your manual. If you're stuck, try asking another group for help. Learning goals Know the first law of thermodynamics Understand the relationships between heat, work, internal energy and entalpia Understand the concept of heat capacity, molar heat capacity and specific heat Understand the principles of calories Understand the law of Hess and its use to calculate reactionary entalpies In addition to mass changes, chemical reactions involve changes in
heat associated with changes in the internal energy of substances. Like mass stoichometry, these changes are quantitative. One of the most important physical relationships regulating energy change is the First Law of Thermodynamics. Most often we will consider this in terms of thermodynamic function called entalpia. Knowledge of the First Law and entalpion is essential for understanding the relationship between heat change and chemical reactions. Knowing how much heat is gained or lost in the chemical or
physical process is important in many real applications, such as determining the calorie content of food, the thermal potential of fuel, and the heat needed or released to produce useful materials. The heat associated with the process is an extensive property (associated with quantity) and can often be measured using an apparatus called a caloriemeter. But in many cases it is inappropriate (or downright dangerous!) to measure the heat of a particular process in a caloriemeter. Fortunately, internal energy and
entalpia are state functions. This means that their values depend solely on the physical state of the system, not on how this condition was achieved. As a result, we can identify the enthalpy process from the values of any step series that are added to give the desired overall process. In other words, we don't always need to measure heat changes directly. Criteria for success Ability to calculate thermal and temperature changes The ability to apply the First Thermodynamics Act The ability to calculate heat or
entalpium from calorie data The ability to use the Hess Act to calculate the reaction of enthalpies Energy is the ability to perform work or transmit heat. Work is the transfer of energy from one organ to another. In some ways, work is energy in the process of transmission. This connection between work and energy allows us to define a unit of energy as the amount transmitted when a unit of work is done. In other words, energy and work have the same units. The SI energy unit is a joule (J) that is a derivative unit
defined as follows: \[\text{joule} \,(J) \equiv kg \times \dfrac{m^2}{s^2}\] Since the force unit SI, newton, як \[\text{newton} \,(N) \equiv kg \times \dfrac{m}{s^2}\] Ми також можемо думати про джоулу як ньютон-метр: \[\begin{align} \{joule}\, (J) &amp;= (\text{newton})(m) (\text{newton})(m) &amp;= \left(kg \times \dfrac{m}{s^2}\right)(m) = kg \times \dfrac{m^2}{s^2} \end{align}\] Chemical interest systems usually consist of a certain number of substances that are physically or chemically affected by a container of a
particular type. The substances themselves constitute a system. Everything else, such as a container or direct laboratory environment, is considered part of the environment. Energy or systems, or environment can take many forms: thermal (thermal), light, chemical, mechanical, electric. But all these forms of energy can be viewed in terms of equivalent amounts of kinetic energy (\(KE\), motion energy) and potential energy (\(PE\), position energy or composition). Thus, the overall energy of the system can be
defined as the sum of its kinetic and potential energies. \[U = KE + PE\] This energy is called internal energy, \(U\), system. Because the system undergoes chemical or physical changes, the shape of its energy can change and some energy can be obtained or lost in the vicinity, but energy is not created or destroyed. This idea is the essence of the First Thermodynamics Act: Energy can be transferred from one object to another, and its forms can be confused, but energy can neither be created nor destroyed.
According to the First Law of Thermodynamics, energy systems and environments can change only if they exchange energy with each other. Thus, if the energy of one increases, the energy of the other decreases by the same amount, or vice versa, preserving constant total energy. In general, the potential and kinetic energies of the system that make up its internal energy cannot be assessed on an absolute scale. However, we can observe and measure changes in the value of internal energy, ΡU, defined as \
[ΡU = U_{final} - U_{initial} = U_f - U_i\] System, that undergoes chemical or physical changes, can change its internal energy by carrying heat (\(q\)), performing work (\(w\)), or both: \[ΡU = q + w\] If the system gets heat from its surroundings, the sign on q is positive (q &gt; 0); if it gives heat to the sign on Q is negative (\(q &lt; 0\)). Similarly, if the environment is running on the system, the sign on w is positive (w &gt; 0); if the system is running on the outskirts, the w sign is negative (\(w &lt; 0\)). An example of
the system will be the expansion of gas against constant external pressure. This may be the result of a gas-production chemical reaction. A simple example of cool transmission occurs when a hot object, such as a piece of metal, is placed in room-temperature waters. If you consider the metal a system, as it transmits heat in its surroundings, the water, the metal temperature will go down and the water temperature will go up. After a while there will be a state of thermal equilibrium, at which point the temperature
of both metal and water will be the same. This illustration raises the The following common points about heat flow: The feeling of heat flow is always from a hot object to a cooler object. Thermal equilibrium occurs when both the system and the surroundings are at the same temperature. The amount of heat lost from a hot object is equal to the heat generated by the cooler object. The heat transmitted between the system and the environment is a change in the thermal content of the system. If the system takes
heat from its surroundings, its thermal content will be higher at the end of the process. So, q will be positive. This process is endothermic. If the system gives heat to its environment, its thermal content at the end of the process will be less. So, q will be negative. This process is exothermic. If the process is endothermic in one direction, it is exothermic in the opposite direction, and vice versa. What are the two main ways in which to classify the inner energy of an object? How are these paths different from each
other? If the system loses heat, where does it go? Describe the following processes as exothermic or endothermic: the ice cube melts on a warm surface Water freezes calcium chloride mixed with water, resulting in a very hot solution of ammonium nitrate mixed in water, resulting in a very cold solution We will often be interested in the heat content in conditions of constant pressure, called entalpia, H, systems. Like internal energy, \(H\) cannot be measured directly, but we can measure the H change defined as
\[ΡH^o = H_f – H_i = q_P\], where Hf and Hi are the final and initial thermal content of the system, respectively, under constant pressure; and qP is the heat transmitted under constant pressure. Under constant pressure, we can rewrite the defining equation for internal energy as \[ΡU = q_P + w = ΡH + w\], from which it follows \[ΡH = ΡU – w\] Note that if no work is done (w = 0) and \(ΡH = ΡU\). This means that altering entalpia is an internal change in energy when the work is not done. The amount of heat
transmitted in the chemical or physical process depends on physical conditions, the amount of substances and the direction of change. Physical conditions on which entalpia depends are temperature (T), pressure (P) and physical condition (i.e. solid, liquid, gas, aqueous solution). Therefore, we must be careful when quoting q or ΡH values to specify these conditions. To avoid confusion, define standard conditions: P = 1 atm = 760 mm; all substances in their usual conditions for these conditions - the standard
condition. (Temperature used to be part of the standard status definition (i.e. T = 25 °C), but this has been removed. Since physical condition is important, common practice is to note the states (s, l, g, aka) along with the formulas of each chemical compound in the thermochemical equation. Thermochemical equation is a conventional chemical equation, with thermochemical value (e.g. q, ΡH), where reactive and product coefficients are accepted as the number of moles. When an enthalpy value is cited for a
reaction that occurs under standard conditions, it is called a standard ΡHo-symbolized entalpy. Note the differences in the following thermochemical reactions due to subtle changes in conditions: \[H_2(g) + 1/2O_2(g) \rightarrow H_2O(l)\] of \(ΡH^o = -286 \,kJ/mol \, \,25 \,°C\) Non-standard conditions: \[H_2(g) + 1/2O_2(g) \rightarrow H_2O(g)\] with \(ΡH = -242\, kJ/mol , at\, 25 \,°C\) Enthalpy depends on the amount of substance; I mean, it's a big property. Since thermochemical equations are read with the
understanding that coefficients are mole numbers, changing coefficients by multiplying through the equation also multiplies the value of entalpion. Compare the following: \[H_2(g) + 1/2 O_2(g) \ rightarrow H_2O(l)\] with \(ΡH^o = -286\, kJ\) \[2 H_2(g) + O_2(g) \rightarrow 2 H_2O(l)\] of \(ΡH^o = -572\, kJ\) Changing the direction of the reaction changes the feeling of the cool transmission. As we have seen, the exothermic process in one direction will be an endothermic process in the opposite direction. The
transmitted heat is the same in both cases, but the direction changes, as indicated by the q or ΡH change sign. For example \[H_2(g) + 1/2 O_2(g) \rightarrow H_2O(l)\] of \(ΡH^o = -286 kJ/mol\) \[H_2O(l) \rightarrow H_2(g) + 1/2 O_2(g)\] of \(ΡH^o= +286 kJ /mol\) The thermochemical equation for combustion (i.e. burning) of a single benzene mole in standard conditions is \[C_6H_6(l) + 15/2 O_2(g) \rightarrow 6 CO_2(g) + 3 H_2O(l)\] of \(ΡH^o_{comb} = -3267.7\, kJ/mole\). Is this reaction exothermic or
endothermic? How much heat is released when a 5.00-g benzene sample is burned in excess oxygen under standard conditions? (m.w. C6H6 = 78.11 u) Heat capacity, \(C\), is the amount of heat, q needed to increase the temperature, ΡT, object by 1 oC. The three variables are related to the equation \[q=CΡT\] Value \(C\) in this formula, and the same values q and ΡT that relate to a particular sample and depend on the amount. For example, if we compare a teaspoon of water with a pool of water, the heat
capacity of the pool water is much greater. However, on the same birthmark or gram basis thermal power is the same. Thus, for pure substances, heat capacity is usually determined on the basis of one mole or one gram sample. Molar heat capacity\ (C_m\) is a thermal ability to mole matter, and the defining equation can be written \[q = nC_m ΡT\], where n is the number of moles in the sample. In addition, a specific heat, Cs, is heat capacity per gram of substance, and a defining equation can be written \[q=
mC_s ΡT\], where m is the mass of the substance in grams. In other words, for a particular sample of pure substance \[C = nC_m = mC_s.\] When using these realize that the change in temperature expressed in OC is the same value if expressed in units K. Specific iron heat (wt. = 55.85 u) is 0,450 J/g×K. What is the heat capacity of 23.5-g block of iron? What is the value of molar iron heat capacity? How much joula heat is required to raise the temperature of a 23.5-g block of iron from 25.0 oC to 96.2 oC?
Heat absorbed or released by chemical reaction can be determined with a caloriemeter. The heat of the reaction is not directly observed, but its effect on the amount of water surrounding the reaction vessel in the calorium is measured. The calorific heat capacity, Ccal, can be experimentally determined or calculated, and at the same time the observed change in the temperature of the calorie heat exchange can be calculated: \[q_{cal} = C_{cal}ΡT\] The change in heat experienced by the calorifter is equal to the
magnitude, but opposite in a sign that for the reaction that caused it; i.e. \[q_{rxn} = -q_{cal}\] Thus, if the calorian experiences a change in endothermal heat, qcal &gt; 0 is characterized by an increase in its temperature, this should have been a consequence of the exothermic reaction for which qrxn &lt; 0 (negative). Conversely, if a calorific person experiences an exothermic heat change, qcal &lt; 0, characterized by a drop in its temperature, this should have been the result of an endothermal reaction for which
qrxn &gt;0 (positive). A simple calorific, built from Styrofoam coffee cups such as you'll use in the lab, measures the reaction heats up under constant pressure; Therefore, qrxn=ΡHrxn changes the entalpion reaction. This is often used to measure the thermal change of the solution formed in the inner cup. The specific heat of the solution is generally considered the same as in clean water, 4.184 J/g×K. The heat capacity of the calorific is calculated as a product of the mass of the solution together 4,184 J/g×K.
Bomb calorie measuring heating in conditions of constant volume; Therefore, qrxn=ΡUrxn changes the internal energy reaction. In most cases, the difference between ΡH and ΡU is small and often ignored. The 2.58-g sample KNO3 (f.w. = 101.11 u) was added to 98.57 g of water in the coffee cup calorimeter. The initial water temperature was 22.5 °C, and the temperature of the solution after mixing 20.4 °C. Based on this experiment, what is the heat of the KNO3 birthmark solution [f.w. = 101.11 u]? The specific
warmth of the water is 4,184 J/g×K. Burning 1.50 g of glucose, C6H12O6 (m.w. = 180.0), led to an increase in the temperature of the calorie bomb from 19.00 oC to 24.32 oC. The calorific had a thermal power of 4.42 kJ/K. Calculate combustion heat (\(q_{rxn} = ?\)) of one mole of glucose: \[C_6H_{12}O_6(s) + 6 O_2(g) \rightarrow 6 CO_2(g) + 6 H_2O(l)\] Remember, that the measured value of ΡH depends on the states of all reactive substances and products (s, l, g, aka) and temperature and pressure.
Reaction. Thus, as noted above, it is useful to define a set of standard conditions defined as T = 25 oC, P = 1 atm, and all substances in their normal states for these conditions (standard state). The standard state of the element is its most stabilize state under standard conditions; for example, H2(g), C(s) – graphite, S8(s), P4(s). For compounds, the standard condition is the most common in standard settings; for example, H2O(l), CO2(g), C2H2(g), C6H6(l). Enthalpy is a state function that depends only on the
current conditions (system state) for its value, not on how the current state was achieved. As applied to ΡH=Hf - Hello, the enthalpy change value for any process depends only on the difference between the final and the initial states, not the path taken to get from the original to the final state. This means that any set of steps, whether real or imagined, that taking the system from its original state to the final state of interest will have the sum of ΡH values for all steps that are identical to the ΡH value for the overall
process, if done directly. This principle, dubbed the Ges Permanent Heat Summation Act, was first established by G. H. Ges in 1840: Changing entalpia for reaction does not depend on the path. When applying the Ges Law, a set of predeterm thermochemical equations is manipulated in such a way that they add to give a balanced thermochemical equation for the interest process (target equation). At the same time, whenever a given thermochemical equation is multiplied (usually by an integer, but sometimes
by a rational particle such as 1/2), its ΡH is also multiplied. Whenever the direction of this thermochemical equation changes, its ΡH value changes. For example, suppose we want to calculate \(ΡH^o\) for a reaction, \[H_2O(l) + CO(g) \rightarrow CO_2(g) + H_2(g) \label{A}\] given the following two thermochemical equations: \[H_2(g) ) + 1/2 O_2(g) \rightarrow H_2O(l) \label{a}\] of \(ΡH^o = -285.9\, kJ\). \[CO(g) + 1/2 O_2(g) \rightarrow CO_2(g) \label{b}\] of \(ΡH^o = -283.0\, kJ\). If we flip the equation \ref{a} and
save the equation \ref{b} as given: \[H_2O(l) \rightarrow H_2(g) + 1/2 O_2(g) \label{a2}\] of \(ΡH^o = +285.9\, kJ\). \[CO(g) + 1/2 O_2(g) \rightarrow CO_2(g) \label{b2}\] of \(ΡH^o = -283.0\, kJ\). we can add both equations (\ref{a2} and \ref{b2}) \[H_2O(l) + CO(g) + 1/2 O_2(g) \rightarrow H_2(g) + 1/2 O_2(g) + O_2(g) \rightarrow H_2(g) + 1/2 O_2(g) + O_2(g) ) + O_2(d) CO_2(g) \] to get the desired general reaction (Equation \(\ref{A}\)) after cancellation: \[H_2O(l) + CO(g) + \cancel{1/2 O_2(g)} \rightar H_2(g) +
\cancel{1/2 O_2(g)} + CO_2(g) \] Calculate \(ΡH^o\) for reaction, \[CS_2(l) + 2 H_2O(l) \rightarrow CO_2 (g) + 2 H_2S(g)\] Considering: \[CS_2(l) + 3 O_2(g) \rightarrow CO_2(g) + 2 SO_2(g) \] of \(ΡH^o = -1075.2 \, kJ\). \[H_2S(g) + 3/2 O_2(g) \rightarrow H_2O(l) + SO_2(g) \] from \(ΡH^o = -562.6\, kJ\). Calculate \(ΡH^o\) for reaction, \[2 NH3(g) + 3 N2O(g) \rightarrow 4 N2(g) + 3 H2O(l)\] Given: \[ 4 NH_3(g) + 3 O_2(g) 2 N_2(g) + 6 H_2O(l)\] з \(ΓH^o = –1531.0 \, kJ\). \[ N_2O(g) + H_2(g) \rightarrow N_2(g) +
H_2O(l)\] з \(ΓH^o = –367.4 \, kJ\). \[ H_2(g) + 1/2 O_2(g) \rightarrow H_2O(l)\] з \(ΓH^o = –285.9 \, kJ\). Тепло горіння для з'сднання, со складасться з \(C\) і \(H\), мосливо, або з \(O\) і \(N\), с тепло, звільнене, коли одна родимка речовини спалсться зі стоссіометричнос кількістс \(O_2(O_2(g)\) для виробництва, \(CO_2(g)\), \(H_2O(l)\) і \(N_2(g)\), яксо це мосливо. Написіть збалансоване рівняння для згоряння одніссс родимки \(C_2H_6(g)\), яка була б основос для термохімічного рівняння,
со визначас тепло горіння етану. Обчислити тепло горіння \(C_2H_6(g)\) з таких даних: \[C_2H_2(g) + 2 H_2(g) \rightarrow C_2H_6(g)\] з \(ΓH^o = –311.4 \, kJ\). \[H_2(g) + 1/2 O_2(g) \rightarrow H_2O(l)\] з \(ΓH^o = -285.9 \, kJ\). \[2 C(s) + H_2(g) \rightarrow C_2H_2(g)\] з \(ΓH^o = +226.7 \, kJ\). \[C(s) + O_2(g) \rightarrow CO_2(g)\] з \(ΓH^o = –393.5 \, kJ\). кДж\).
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