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Links of how to get the lecture as a pdf file

* From academic profile:

* https://uomustansiriyah.edu.ig/e-learn/profile.php?id=3689

* From google classroom:

* https://classroom.google.com/c/Njl2NDA3NzkzMDRa

* From telegram:

o https:/J/t.me/DrAbduljabbarlRRushdi
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Types of expansion work

1- Constant volume (Isochoric process)
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2- Free expansion
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Figure 2.4: Free expansion of an fa?lﬁt;al gas bn?glcuum and p,, equals to zero, before and after expansion.
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Wirr = — (Pex= zero) AV =0 (2-15)



Example of free expansion into a vacuum

Example: 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: P_,=0atm,V,=2L,V,=10L.
Wirr = —Pex Vg — Vi) (2-15)
Wir= —0atm (10—-2) L



3- Isothermal reversible expansion of a perfect gas
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Wyep = — NRT In— (2-14)

The equation (2-14) is for calculating of the work done of isothermal reversible expansion for an ideal gas.



Examples of isothermal reversible expansion of a perfect gas

Example 1: Calculate the work done by the system when 6.00 moles 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 dm3.

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

= — nRT In—- (2-14)

11 15.00 dm>
Wyep = — 6.00mm0l x 298 Kx 8.314 ] moel—K— In = 00 3

Wyep =-—6.00mol x 298 K x 8.314 J(In 3)

Wrep= —16331] = —16.3 kJ



Example 2: How much work is required to compress 7.5 moles of an ideal gas to get 127.0 °C from 5.2 L to 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, V;=5.2L,V;=2.1Land T = 127.0 °C + 273 = 400 K. Compress means V;< 'V,

V
Wyep = — NRT anf (2-14)

i

2.1 dm

Wiep = —7.5m91x400Kx8.314]m91iKi1nW

Wyep = — 24942 x (— 0.907) = 22615 = 22.615 kJ

@b Aalaal) o3a IMA 5 ) jadl Aa ja kS ase Ly 1 (T = 400 K) aal g Aasd Led sUarall 50 jad) A o G Adsadle ¢Say JIaad) N4 (a9

.(Isothermal, AT = 0) 5_1_all 4 3 & gy caai Llaal) G

;W JSEJL (2-6) dolaadl Zmas JWLg (AU = 0) cddsIl dallalb i Juasw Y dds (AT =0 Z)! g

AU = q + w,0 = q + w,thenq = —W = —22.615k] (2-6)
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Homework 1: From the last two examples (1 & 2), how it can be knew that the'two processes are reversible?

Homework 2: If the process is compressed, how it can be knew that the heat is transferred into or out of the system?

Note: The homework have to be sent to our group (google classroom) which is stated above in the 2" slid
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Example of isothermal reversible by changing the internal pressure

Example: 3.2 moles of an ideal gas expands from a pressure of 5.0 atm to 1.4 atm at a constant temperature 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=3.2 mol p,=5.0 atm, p;=1.4 Land T = 127.0 °C + 273 = 400 K.

W,ep = — NRT In P: (2-17)
Pr
1,1 4. D-0atm
Wyep= —3.2m0l x 400 K x 8.314 | mel—K— In——
1.4 atm

Wyep = — 13548 ] = —13.548 kJ

Because of the temperature is constant, AT = 0, therefore AU =0, then q =—w, and then g =- (- 13.548 kJ) = + 13.548

k). 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

Homework-1: A sample consisting of 2.00 mol He is expanded isothermally at 22°C from 22.8 dm3 to 31.7 dm3

(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 q, w, AU.

Answer (a) 1.633 kJ (b) 1.38 kJ (c) O

Homework-2: A sample consisting of 1.00 mol Ar is expanded isothermally at 0°C from 22.4 dm3 to 44.8 dm3

(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 q, w and AU.



