Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester

2-6-2-1 Types of expansion work

2-6-2-1-1 Constant volume (Isochoric process)
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W,ep = — NRT (lnvf = Zero),becauseV; = Vg (2-14)
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Wirrey = — Pex (AV = zero), then w =0, and AU =1q (2-15)
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AU =q, (2-16)

2-6-2-1-2 Free expansion (expansion into a vacuum)

3- Free expansion: An expansion in vacuum and no work is done during free expansion
of ideal gas (reversableor irreversible process).
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Figure 2.4: Free expansion of an ideal gas in vacuum and pex equals to zero, (a) before expansion and (b) after
expansion.
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Wirr = — Pex AV =0 (2-15)

Example 1: How much work is required to expand 2 L of an ideal gas at a pressure of 10
atm into a vacuum until its total volume is 10 L?

Solution: Px=0atm, Vi=2 L, Vi=10 L.

Wirr = = Pex (Vf - Vi) (2'15)
Wi = —0atm (10— 2)L

Wi, = ZEr0

2-6-2-1-3 Isothermal reversible expansion of a perfect gas

e Jaxi (Isothermal, AT = 0) sl 8l all da 5o Gy JUall Sl aSall aaail) (e g 5l 138 Jiany
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Vy
W,ep = — NRT lnv (2-14)
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The equation (2-14) is for calculating of the work done of isothermal reversible

expansion for an ideal gas.
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Example 1: Calculate the work done by the system when 6.00 mol of an ideal gas at 25.0
°C are allowed to expand isothermally and reversibly from an initial volume
of 5.00 dm?3 to a final volume of 15.00 dm?.

Solution: n = 6.00 mol V; = 5.00 dm3, Vs = 15.00 dm3 and T = 25.0 °C + 273 = 298 K.

Vy
Wyep = — RRT In = (2-14)

4

15.00dm>

Wyep = —6.00m94x298Kx8.314]m9F—4K‘—41nW3—

W,ep = — 6.00 mol x 298 K x 8.314 J(In 3)

W,y = —16331] = —16.3 kJ

Example 2: How much work is required to.compress 7.5 moles of an ideal gas to get
127.0°Cfrom 5.2 Lto 2.1 L? What'is the change in the internal energy of the
gas? How much heat will be transferred during this process?

Solution:n=7.5mol, Vi=5.2 L, V¢=2.1Land T=127.0 °C + 273 = 400 K.

Vy
Wyep = =RRT.In = (2-14)

2.1dme

Woop = —7.5annmt;lxthOKx8.314]anf)n}e)li¥(ilnF

W,ep = — 24942 x (— 0.907) = 22615 = 22.615 kJ
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FJWI Sl (2-6) Ualaodl zruas JWhg (AU = 0) a1l dallall ps3 Juam Y ade (AT =0 3l laog
AU = q +w,0=q + wthenQ = —-W = —22.615k] (2-6)
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8yl
pV = T (proportionality constant) (1-1)
Di Vy
V.= nV — =1L -
piVi pf fOT pf Vi (1 2)

A Dalaadl e s (2514) Dsladll (1-2) Dalaedl asgas disg

Wyep = — NRT In— (2-17)
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Example: 3.2 moles of‘an ideal gas expands from a pressure of 5.0 atm to 1.4 atm at a
constanttemperature of 127.0 °C. (a) Is the work done by the gas or on the
gas(b) How.much energy was transferred by work and heat?

Solution: n=3.2mol pi=5.0atm, pr=1.4 Land T =127.0 °C + 273 = 400 K.

W,ep = —NRT In— (2-17)

5.0 atin

Wiey = —3.2m91x400Kx8.314]m91iKi1nT
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W,ep = — 13548] = — 13.548 kJ

Because of the temperature is constant, AT = 0, therefore AU =0, then g =—w, and then

g= —(—13.548 kJ) =+ 13.548 kl. So, this means that the work is done by the gas on the

surrounding and the heat is transferred from the surrounding to the system.

Homework-1: A sample consisting of 2.00 mol He is expanded isothermally at 22°C from

22.8 dm3 to 31.7 dm?3 (a) reversibly, (b) against ‘@ 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.

Answer (a)1.63 kl (b) 1.38kJ (c) O

Homework-2: A sample consisting of 1.00 mol Ar is expanded isothermally at 0°C from

22.4 dm?3 to 44.8 dm3(a) reversibly, (b) against a constant external
pressure equal to the finalpressure of the gas, and (c) freely (against zero

external pressure). For the three processes calculate g, w and AU.
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