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[TF] When 1 mol of H,(g) is added to a cylinder of volume V and at temperature
T the pressure is 1 bar. Then an additional 0.5 mol of gas CO,(g) is added to the
same cylinder keeping the temperature the same. What is the new pressure in
the cylinder?

10% 1. < 1bar
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* Complete: Gas density
« Dalton’s law of partial pressures
* Gas law calculations in chemical reactions

Next lecture: Kinetic molecular theory; Why the gas law does not
depend on mass; Distribution of molecular speeds; Real gases; Gas law
for real gases: van der Waals equation; Ch10: Solids, liquids and phase
transitions

7% 2. =1bar
23% 3. Between1and 1.5 bar
50% 4. 1.5bar
9% 5. Between 1.5 and 2 bar
1% 6. =2bar
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Gas law calculations Ve

At 100.0°C, the density of water vapor is 0.000588 g/mL and that of liquid
water is 0.958 g/mL. How much farther apart of water molecules in the gas
phase than those in the liquid phase?

The ratio of the densities, m
0.958 g/mL Y %
0.000588 g/mL 3 ng

is how many more liquid water molecules there are in a given volume than
there are gaseous water molecules in the same volume.
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Gas law calculations

This means the same volume can hold 1630 times as many liquid water
molecules as gaseous water molecules.

Since volume is the cube of distance, the cube root of the ratio,
1630%/% = 11.8 )

means the gas esare about 11.8 times farther apart than liquid particles.

So, about A factor of ter farther apart than in liquids or solids.

Copyright © 2020 Dan Dill dan@bu.edu




Lecture 9 CH131 Fall 2020

10/8/2020 9:48 AM

Lecture 9 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu

Partial pressures

We have seen that the ideal gas law is the same for all gases, since it depends
only on the number (moles) of particles but not what kind of particles they are.

This means each kind of gas contributes to the total pressure only in
proportign to its/relative number of moles,

P="eT BTy =B+ P+ ¢
[ L L ANV
where P,, Py, ..., are the partial pressures of gas a, gas b, etc.,
ngRT
P, = v etc
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Partial pressures

A convenient way to calculate partial pressures is to use mole fractions,

Mm  m Mgty
Ma\ . _ T 4 = Do Py (Te” 3
xa:(n Xp =2, .. ’)(Q‘F (Sl
/y\/*/l'LL'i‘/ﬂb ':;(

Partial pressures

Since /

‘@ﬂ nRT —xa ” Lo b"“:l.’_ - = XoP + xpP + -
& i) [

we see e partial pressure of each kind of gas is
P, = xaP, P, = xpP, ...

This is known as Dalton’s law of partial pressures.
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the cylinder?

3% 1. <1bar
5% 2 =1bar
12% 3
75% 4.
4% 5
1%
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Partial pressures

A mixture consisting of 0.513 g of H»(g) and 16.1 6.1 g of | of N»(g) occupies 10.0 L at
20.0°C. Calculate the partial pressures of each gas in gas in atm. D = 7( p

{
First step, calculate the moles of each gas and the total moles. HZ “Z

n 254 mol, 7y, 575 mol,n = 0.254 mol + 0.575 mol = 0.82¢ 9 mol

H
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Partial pressures

rxtuxe consisting of 0.513 g of H,(g) and 16.1 g of N,(g) occupies 10. 0 Lat
alculate the partial pressures of each gas in atm.
ny, = 0.254 mol, ny, = 0.575 mol,n = 0.829 mol

—_—

al pressure.

= 1.99 atm v

BOSTON
UNIVERSITY
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0. 5{33* 2%\ -DBY ~ oL

A mixture consisting of 0.513 g of H,(g) and 16.1 g of N,(g) occupies 10.0 L at
20.0°C. Calculate the partial pressures of each gas in atm

ny, = 0.254 mol, ny, = 0.575 mol,n = (__29/111 P = 1.99 atm

Partial pressures

Final step: Calculate the partial pressures.

Py, = xy,P = 222 x 1.99 atm m e
—

0.829

Py, = xn, P =>< 1.99 atm = 1.38 atm x 1 7(
s . Ny

Check: L

P =Py, + Py, = 0.612 atm + 1.38 atm = 1.99 atm

= — — 0.6l
| .8
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Gas law calculations in chemical reactions
= coustat

C;Hg and O0,(g) are placed in a sealed, rigid C(')lll‘divller After the container

has been heated to 125°C, the partial pressures are Py, = 1.00 atm and

Pg, = 1.00 atm. A spark then initiates the complete Wstlonofthe mixture,
= AU EUNbS

forming CO,(g) and H,0(g). What is the total pressure in the container at the

end of the reaction at 125°C? ¢ H’ +5© —s 3 CO a4 AH-\ O

Write the balanced chemical equatloﬁL_”z_/,_j\
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Gas law calculations in chemical reactions Gaslawealculations in chemical reactions
CaHg(g) + 5 o 0,(g) + 4 H,0(g) TCF %
has been heated to 125°C, the partial pressures are Py, = 1.00 atm and : " - -

8:600-atm CO,
Py, = 1.00 atm. A spark then initiates the complete combustion of the mixture, - . -‘kiu&
forming CO,(g) and H,0(g). What is the total pressur¢ in the container at the Determine all partial pressures and the total pressure.
end of the reaction at 125°C?

C3Hg(g) and 0,(g) are placed in a sealed, rigid container. After the container

C5Hg(g) + 5 0,(g) = 3 CO,(g) +(4 H,0
s7ed 2 229 ) o v Jnitial 100 O 100 0400 o0 o O,
Determine the limiting reagent &0 Zm Z = A ¢Ch 3
1.00 atm C3Hg — 3.00 atm CO, |.oodar Oy % o0 O, Sange 6J)— o +0.600 +0-200
1.00 atm 0, — 0.600 atm CO, o.co0au O= y/ Einal
st W0 a 8 {J@
| Oy > 4 7 4 dg0 tooam Q% = O- zoo&ﬁu.ca
O, 7 16 0¥ o~ 2| pdO,
o D %
] o.godw Oy -
16 18
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Gas law calculations in chemical reactions Gas law calculations in chemical reactions
CsHg(g) +5 05(g) > 3 CO2(g) + 4 H,0(g) @ CsHg(g) +5 04(d) —(5 C0,(g) + 4 H,0( @
1.00 atm O, — 0.600 atm CO, 1.0 55 0.600 at
Determine all partial pressures and the total pressure. Determine all partial pressures and the total pressure.
{ Initial 1.00 1.00 0 0 2 Initial 2
Change —0.200 ~1.00 +0.600 +0.800 Change +0.800
Final 0-30 0.00 0.696 0. 800 Final @ @ .
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1% 1. 0.50 atm
14% 2. 1.00 atm

5%3- .50 atm
71% 4. 2.00 atm
6% = 0

3% 6. 3.00atm

29158/ ||
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[ hd 0, (g) are placed in a sealed, rigid container. After the

contsa been-heated to 125°C, the partial pressures are Py, ?
and Py A)spark then initiates the complete combustion o

mixture 0,(g) and H,0(¢g
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Gas law calculations in chemical reactions

o

CH4(g) + 2 0,(g) =(C02(9) # 2 H,0(9)
1.00 atm CHy = 1.b(_)/Q\:11’tm 0,
1.00 atm 0, — 0.500 atm CO,

—— o

Determine all partial pressures and the total pressure.

BOSTON
UNIVERSITY
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G/as law 9alculations in chemical reactions
CH,(g) +2 0,(g) - CO,(g) 20(9)
1.00 atm 0, — 0.500 atm CO,
—
Determine all partial pressures and the total pressure.
f Initial 1.00 1.00 0 0 2.00
(/ Change ~0.500 —~ .90 4p.500 1.00
l// Final
23
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Gas law calculations in chemical reactions
CH,(g) + 2 0,(g) - COz(g) + 2 H,0(g)
1.00 atm O, — 0.500 atm CO,
Determine all partial pressures and the total pressure.
Initial 1.00 1.00 0 0 2.00
Change —0.500 -1.00 +0.500 +1.00
Final
24
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Gas law calculations in chemical reaction

C?-L;(g) @2(9 @ 2 H,0(9)
1.00 atm O 6 0.500 =0

2
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Kinetic molecular theory //
Clm@, A icoseope  Spiassion P.
Qas 9 lo(ﬂfl?raaﬂ okes
Fse MMESS
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