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[TF] Consider 1 mol each of two different gases, A and B, each with the same Lecture 5 CH 131 Summer 12021
volume (1 L) and temperature (25°C). The molar mass of A is twice the Wednesday, June 2, 2021
molecular mass of B. What is the relationship between the pressures of A
and B? * Ideal gas law
¢ Gas constant R, STP, and SATP
89% 1. P, =2Pg * Gas law calculational recipe
e _Pp * Gas density
0% 2. By 2 « Dalton’s law of partial pressures
0% 3. P,=4Pg * Gas law calculations in chemical reactions
0% 4. Py= PTB Next lecture: Kinetic molecular theory; Why the gas law does not
0% 5 P, =P depend on mass; Distribution of molecular speeds; Real gases; Gas law
’ A 5 for real gases: van der Waals equation; Ch10: Solids, liquids and phase
. 8 q q p
11% 6. Notsure transitions
H34zz8
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[1F] Consider 1 mol each of two different gases, A and B, each with the same
Ty —
Ideal gas law | volume (1 L) and temperature (25°C). The molar mass of A is twice the
In the expression P = c”nT/i}, the remaining constant of proportionality,@is molecular mass of B. What is the relationship between the pressures of A
known as the gas constant R, P = RnT/V. and B? - 2T LR 2B
/m Z
This expression is written as 8% 1. Py=2Pg mA = 2 !
P \/ -
= 0 =B
PV = nRT 80/° a2 ha=5 I RT ot ©R2BK
and it is known as the ideal gas law. 0% 3. Py=4Pg b = /I—C
0% 4. P, =22 \'4

The adjective “ideal” signifies that this relation does not depend of what the gas
particles are. 5% 5. P,=Py \ \

0% 6. Notsure Mﬂﬁ:mg/ .-
434118
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Ideal gas law Gas constant R
The ideal gas law The value of the gas constant has been determined by measuring V for a given
P,n,andT.
PV = nRT o an
. For example, the volume of 1 mol of gas at 20°C and 1 bar = 100000 Pa =
is as true for a gas of O, molecules as for a gas of Xe atoms. 100000 J/m? is — — 5
|
V = 0.02437387 m? || K= 7’2«{\
M1
From this we can evaluate that \
_PV _ 105J/m3x0.02437387 m3 ]
T oar 1mol 293.15K sl K mol
9 10
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Gas constant R Gas constant R
Often, pressures are measured in atm (1.01325 bar) and volumes are Since / / /
measured in L (1 L =107 m?). P — A @: 1 Pam3 = 10 5bar x 103L
Since 1 23 = 10()_%311(1 1_P\a = '1 atm/101325, // Nﬂ%ﬂ an alternative expression for the value of the gas constant
_ .3 _ atm =
1] = m®Pa = 1000 L X ;2= = 0009869231, atm i) (ool R=831472 L
From this\we can evaluate that .
is
R = 8314472 —) x 200986923 Latm _ 0.0820575“““) e
= —— Kmol J ——— Kmol R = 008314472
— —Xmo
11 12
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Gas constant R Gas constant R
R = 8314472 R = 8314472
K mol K mol
R = 0.08314472 L0 R = 0.08314472 b “
K mol K mol
Finally, pressures are sometimes measured in atm (1.01325 bar) and so a third R = 0.0820575 EL(;::: |\

expression for the value of the gas constant is

’ \ In calculations, use the value of R with the most convenient units.
R = 0.08314472 222 x%\f 0.0820575 220

Kmol {1.01325 bal K mol

BOSTON
UNIVERSITY
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STP and SATP

Two different “standard” values of temperature and pressure are defined.

[1F] What is the volume ( s-atstamdaedambient
temperature and pressu .08314

0% 1. Lessthan20L

STP is Standard Temperature and Pressure, 0% 2. 20-22 L
T =27315K = 0°Cand P = 1 bar = 10° Pa 0% 3. 22241 |t K 28K

100% 4— 74201
0% 5. 26-28L
0% 6. 28-30L — 8K
0% 7. Morethan30L

“ SATP is Standard A’n:l;ient Temperature and Pressure,
T =298.15K = 25°C and P = 1 bar = 10° Pa
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Gas law calculational recipe

PV = nRT sg that what does not change is grouped
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STP and SATP

What is the volume (in L) of 1.00 mol of an ideal gas at standard ambient The recipe is to rearran,

temperature and pressure, SATP? / §TP 272 L_ on one side of the equalit; oes change is grouped on the other.
_NRT _ 1 mol 0.08314 L bar/(Kmol) 298.15K __
V=== 1.00 bar =245L 61&"? 4. 5 L-

17 18
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Gas law calculational recipe Gas law calculational recipe
‘@ linder contains a gas at 250 kPa at 18°C. What will be the pressure A 2-liter cylinder contains a gas Pa at 18°C. What will be the pressure
at 125707 = at 125°C?
Heating the gas makes the particles move faster, there will be more collisions The volume (V) and amount (n) of gas are constant, so rearrangement gives
with the container walls in a given time, and so the pressure will increase. nR _ Py _ P, T
I)—_—_—aa_a—
vV T, T T,
P, = 250.kPa x ZEIHEIK _ 347 p, H
19 20
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Gas law calculational recipe

A piston containing 25.0 dm? of gas at 45°C is expanded to 55.0 dm?3.

.
The increase in volume means the gas particles must travel farther between
collisions with the container walls, there will be fewer collisions with the walls

in a given time, and so the pressure will decrease.

The original pressure can be restored by heating the gas so that the nchasef
speed offsets the greater distance.

To what temperature must the gas be heated to restore the pressurg t
before the expansion?
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Gas law calculational recipe

A piston containing 25.0 dm? of gas at 45°C is expanded to 55.0 dm3. To what
temperature must the gas be heated to maintain the same pressure as before
the expansion?

The pressure (P) and amount (n) of gas are constant, so rearrangeiment gives
nR _ Vi _V, V;
—=—1=—2—>T2 =T1—2
P T, T, v

_ 55.0dm3 _ \ / o
T, = (273.15 + 45) K x 25.0dm? =X 700.K = 427°C

21
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Gas law calculations
Calculate the density of water in the gas phase at 100.0°C and 1.00 atm.

Rearrangenient of the ideal gas law gives
n_ P

vV RT

23
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Gas law calculations
Calculate the density of water in the gas phase at 100.0°C and 1.00 atm.
Rearrangement of the ideal gas law gives
n P 1.00 atm by 1
o= 8" —0.0327
V' ORT  0.0820575-2x373.25 K e
Kmol
D= 0.0327 M0t QO0BISIE, __L__ — 0000588 £
v L mol 1000 mL mL
24
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Gas law calculations

At 100.0°C, the density of water vapor is 0 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? D. ‘?f%
The ratio of the densmes

0.958 g/mL 5 é
0.000588 g/mL ’D?ngob

is how many more llquld water molecules there are in a given volume than
there are gaseous water molecules in thgls,a_me volume.

algk sl s HOE
630 ) /| 4@
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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,
=118
—

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

So, about a factor of ten farther apart than in liquids or solids.

25
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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

proportion to its relative nuyber of moles,
P= VRT+é L =P+ P+

where P,, Py, ..., are the partial pressures of gas a, gas b, etc.,

27

Copyright © 2021 Dan Dill dan@bu.edu

26
Lecture 5 CH131 Summer 1 2021 Copyright © 2021 Dan Dill dan@bu.edu
Partial pressures
A convenient way to calculate partial pressures is to use mole fractions,
_n _ -
Xq = f.xb =
28
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A [TF] When 1 mol of H,(g) is added to a cylinder of volume V and at temperature
PartlaLpr/?\S%u reMS (¢ . T the pressure is 1 bar. Then an additional 0.5 mol of gas CO,(g) is added to the
Since == ’@7 + %7 t s}:ime Tyl;ndsr keeping the temperature the same. What is the new pressure in
7 y nRT the cylinder?
P:‘--O-qg ‘-O-@.F...: | Z§T+ -“”Li‘ + = X, P+ x, P+
0% 1. <1lbar
we see that the partial pressure of each kind of gas is 0% 2. =1bar
Fa = xqP, Py = xpP, ... ,A(\ggb(m 093 Retween 1 and 1.5 bar /

This is known as Dalton’s law of partial pressures. (O RQusanie %-&1‘ 100% 4. 1.5bar
/ g@s (773} 0% 5. Between 1.5 and 2 bar
0% 6. =2bar

43422 -
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Partial pressures Partial pressures
—
A mixture consisting of 0.513 g of H,(g) and 16.1 g of N5 (g) occupies 10.0 L at A mixture consisting of 0.513 g of H,(g) and 16.1 g of N5 (g) occupies 10.0 L at
20.0°C. Calculate the partial pressures of each gas in atm. // - 20.0°C. Calculat(?}he partial pressures of each gas in atm.
ny, = 0.254 mol,nN2 = 0.575 mol,n = 0.829 mol

First step, calculate the moles of each gas and the total moles.

ny, = 0.254 mol, ny, = 0.575 mol,n = 0.254 mol + 0.575 mol = 0.829 mol Second step: Use the total moles to calculate the total pressure.
P = "% =(0.829/mol x 0.0820575 =2 x*: 1.99 atm /
= 14 —= K mol @ —

31 32
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Partial pressures Gas law calculations in chemical reactions
A mixture consisting of 0.513 g of H,(g) and 16.1 g of N,(g) occupies 10.0 L at lCSHg(g) ancl%z(g) are placed in a sealed, rigid container. After the container
20.0°C. Calculate the partial pressures of each gasin atm. has been heated to 125°C, the partial pressures are Pc.y;, = 1.00 atm and
ny, =(0.254 mgl, ny, ) 0.829 mo})P = 1.99 atm Po, = 1.00 atm. A spark then initiates the complete combustion of the mixture,
- g forming[CO,(g) andezO(g). What is the total pressure in the container at the
Final step: Cal}llati the partial pressures. end of the reaction at 125°C?
/N
Hiip, =il = G X Lo el = (Uil atm { Write the balanced chemical equation.
Py, = xN,P :>< 199 atm = 1.38atm @_/—7
Check: @ o {_( O
P = Py, + Py, = 0.612 atm + 1.38 atm = 1.9 atm C N+ 2O , > 2
I [ IO (S | g —
33 34
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Gas law calculations in chemical reactions Gas law calculations in chemical reactions
C3Hg(g) and 0,(g) are placed in a sealed, rigid container. After the container C3Hg(g) 4+ 5 0,(g) —» 3C0,(9) +4H,0(9)
has been heated to 125°C, the partial pressures are Pc_y, = 1.00 atm and 1.00 atm 0, — 0.600 atm CO,

Pp, = 1.00 atm. A spark then initiates the complete combustion of the mixture,
forming CO,(g) and H,0(g). What is the total pressure in the container at the
end of the reaction at 125°C?

C3Hg(g) + 5 0,(g) = 3 CO,(g) + 4 H,0(9)

Determine all partial pressures and the total pressure.

Initial 1.00 1.00 0 0 2
Determine the limiting reagent
Change
1.00 atm C3Hg — 3.00 atm CO,
1.00 atm 0, — 0.600 atm CO, Final

35 37
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Gas law calculations in chemical reactions Gas law calculations in chemical reactions
C3Hg(g) + 5 0,(g) — 3 C02(g) + 4 H,0(g) C3Hg(g) +50,(g) - 3CO,(g) + 4 H,0(9)
1.00 atm O, — 0.600 atm CO, 1.00 atm O, — 0.600 atm CO,
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 1.00 1.00 0 0 2
Change —-0.200 —1.00 +0.600 +0.800 Change —-0.200 -1.00 +0.600 +0.800
Final Final 0.80 0 0.600 0.800 2.20
BN
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[TF] CH4(g)and O,(g) are placed in a sealed, rigid container. After the A A A A
container has been heated to 125°C, the partial pressures are Py, = 1.00 atm Gas laW calculatlons n Chemlcal reactions
and Py, = 1.00 atm. A spark then initiates the complete combustion of the CH,(g) + 2 0,(g) - CO,(g) + 2 H,0(g)
mixture, forming CO,(g) and H,0(g). What is the total pressure in the 1.00 atm CH, — 1.00 atm CO
container at the end of the reaction at 125°C? ' 4 ) z
1.00 atm 0, — 0.500 atm CO,
0,

b aca e Determine all partial pressures and the total pressure.
0% 2. 1.00 atm
0% 3. 1.50 atm

100% 4. 2.00 atm
0% 5. 2.50atm
0% 6. 3.00 atm
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Gas law calculations in chemical reactions

CH,(g) +2 0,(g) - CO,(g) + 2 H,0(g)
1.00 atm 0, — 0.500 atm CO,

Determine all partial pressures and the total pressure.
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Gas law calculations in chemical reactions

CH,4(g) +2 03(g) — COz(g) + 2 H,0(g)
1.00 atm 0, — 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

Copyright © 2021 Dan Dill dan@bu.edu

Initial 1.00 1.00 0 0 2.00
Change
Final
42
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Gas law calculations in chemical reactj
CH,(g) + 2 0,(g) - CO,(g) + 2 H,0(g)
1.00 atm 0, — 0.500 atm CO,
Determine all partial pressures and the total pressure.
Initial 1.0\0 % 1.00 ,H_ 0 = 0 },DH 2.00
fesh 5
Change —0.500, 1.00 +0.500 +1.00
5&h
Final 0.50 0 0.500 1.00 2.00
A M‘SQM,‘M%W‘Q@% =
3
44
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