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Q5. A sample consisting of 1.0 mol CaCO3 (s) was heated to 800 °C, when it decomposed. The heating was carried out in a container fitted with a piston that was initially resting on the solid. Calculate the work done during complete decomposition at 1.0 atm. What work would be done if instead of having a piston the container was open to the atmosphere?
Answer 
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2.2(b) A chemical reaction takes place in a container of cross-sectional area
50.0 cm?. As a result of the reaction, a piston is pushed out through 15 cm
against an external pressure of 121 kPa. Calculate the work done by the

system.
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2.3(b) A sample consisting of 2.00 mol He is expanded isothermally at 22°C
from 22.8 dm? to 31.7 dm® (a) reversibly, (b) against a constant external
pressure equal to the final pressure of the gas, and (c) freely (against zero
external pressure). For the three processes calculate g, w, AU, and AH.
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E23(b)  For all cases AU = 0, since the internal energy of a perfect gas depends only on temperature. (See
Molecular interpretation 2.2 and Section 2.11(b) for a more complete discussion.) From the definition
of enthalpy, H = U +pV.50 AH = AU + ApV) = AU+ A(iRT) (perfect gas). Hence, AH = 0 as
well, at constant temperature for all processes in a perfect gas.
(@ AU=AH=0
w=—uRT In (
31.7dm?
=—(2.00mol) x (83145 1K™ mol™") x (22 +273)K x In "'3
228dm
a= 162 x 10°]
®) AU=aH=0
W= —peAV [28]
where pex in this case can be computed from the perfect gas law
PV = nRT
L . “'mol”) x (224 273) K
sop— 20OMOD X BISIKmOI) X Q242K 40 -ty 155 1058
31.7dm’
—(1.55 x 105 Pa) x (31.7 — 22.8) dm* )
= e =[x 10
g=—w=[138x10J
(©
w = 0] (free expansion] g = AU —w=0-0=[0
COMMENT. An isothermal free expansion of a perfect gas is also adiabalic.
E24(b)  The perfect gas law leads to
PV _ nRTy T2 _ (111kPa) x (356K)
= 2= = =[143kP:
v kR O TR 277K 2
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2.6(b) A sample of 2.00 mol CH;0H(g) is condensed isothermally and
reversibly to liquid at 64°C. The standard enthalpy of vaporization of
methanol at 64°C is 35.3 kJ mol™". Find w, q, AU, and AH for this process.
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w=— (ﬂgﬁ) x (831453 K" mot ") x (305K) x In 5+ 185 duit
39.95 g mol™ 153 0m
=[=5287
AH = AopaH = —AygpH = —(2.00mol) x (35.3kJ mol™ ~70.6 kI

Since the condensation is done isothermally and reversibly, the external pressure is constant at 1.00 atm.
Hence,

=70.6 kJ

where AV = Vig = Viap ¥ —Vup  because  Vig < Vaap

On the assumption that methanol vapor is a perfect gas, Vigp = nRT/p and p = pes. since the
condensation is done reversibly. Hence,

560 x 10°)

w = nRT = (200mol) x (83145 1K™ mol™") x (64 + 273)K =

—65.0kJ

and AU =g +w=(~706+ 560k} =

The reaction is
Zn+2H" — Zn* + Hy

so it liberates 1 mol of Ha(g) for every | mol Zn used. Work at constant pressure is

W= —peAY = Vg = —nRT
i (&I) x (831451 K" mol™") x 23 +273) K =181
&5agmol-
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ksoru 4.

2.6(b) A sample of 2.00 mol CH;OH(g) is condensed isothermally and
reversibly to liquid at 64°C. The standard enthalpy of vaporization of
methanol at 64°C is 35.3 k] mol™'. Find w, ¢, AU, and AH for this process.

Soru 5.

2.13(b) When 2.0 mol CO, is heated at a constant pressure of 1.25 atm, its
temperature increases from 250 K to 277 K. Given that the molar heat capacity
of CO, at constant pressure is 37.11 ] K™ mol™, calculate ¢, AH, and AU.

Soru 6.
2.47(b) The standard enthalpy of formation of phenol is—165.0 kJ mol™".
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Even if there is 10 physical piston, the gas drives back the atmosphere, so the work is also

wa[J890
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2.12(b) When 178 ] of energy is supplied as heat to 1.9 mol of gas molecules,
the temperature of the sample increases by 1.78 K. Calculate the molar heat
capacities at constant volume and constant pressure of the gas.
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26 Calculate the work done during the isothermal reversible expansion of a
van der Waals gas. Account physically for the way in which the coefficients a
and b appear in the final expression. Plot on the same graph the indicator
diagrams for the isothermal reversible expansion of (a) a perfect gas,

(b) a van der Waals gas in which a=0and b=5.11 %10 dm* mol™', and
(¢) a=4.2 dm® atm mol? and b= 0. The values selected exaggerate the
imperfections but give rise to significant effects on the indicator diagrams.
Take V;=1.0 dm’ n=1.0 mol, and T=298 K.
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2.1(b) Calculate the work needed for a bird of mass 120 g to fly to a height of
50 m from the surface of the Earth.
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