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Let’s explore how a gas is affected by changesin T, V, n, and P.
s E 3

Doing this, visualize gases as collections of widely separated particles, moving
faster as temperature increases, generating pressure as a result of collisions
with the walls of the container. a

Gas behavior
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[TF] A container is filled with gas A. At 20°C the volume of the containeris V.
If V is decreased, then the pressure P exerted by the gas on the walls of the
container ...

13% 1. goesdown
0% 2. stays the same
7% 3 goes up
0% 4. further information needed
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Pl

If V is decreased, then the particles travel less far between collisions with the
walls, and so collide with the walls more often, generating greater pressure.

Gas behavior

We can expyess this as P being inversely proportional to V,
P=c(T,n)1/V

- e
Let’s explore next how the constant of proportionality, c(, ), depends on the
number of particles (the number of moles n).
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[17] When more particies are added to the same V at the same 7] the ; c C—r = !

mYy=me (T
pressure .. Gas behavior \ @

When more particles are added to the same V' at the same T, there will be more

0,
Lo b e collisions with the walls, and so the pressure must go up.

0% ame
100%
0% 4.

We can express this as P being proportional to n,

urther information needed P =c'(Tn/V ﬂ/
Let’s explore next how the constant of proportionality, ¢’(T), depends on the
temperature, T.

344034
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g 9 a gas at constant V, and constant number of moles n, the A
I[)rels gas at constant¥, and constant number o : Gas behavior

% 1 d Heating a gas at constant V, the particles will move faster, so collide with the
D 1, geescowm wall more often, and so the pressure must go up.
>t —_—
We canfxpress this as P being proportional to T,
P
In this expression temperature is measured in Kelvin,
T (inK) = t (in °C) + 273.15
T = 0 K is the temperature at which particles would not be moving at all and so

would not exert any pressure.
LB 15 of 20 0
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*
[17] Consider 1 mol each of two different gases, A and ]§, each with the same

volume (1 L) and temperature (25°C). The molar mass of A is twice the

molecular mass of B. What is the relationship between the pressures of A

an
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|deal gas law doto a0t Aepark o ook gas we love.

In the expression P =@1T/V, the remaining constant of proportionality, ¢”’, is
known as the gas constant R, P = RnT/V.

This expression is written as
~ C* <
PV =nRT
and it is known as the ideal gas law.

The adjective “ideal” signifies that this relation does not depend of what the gas
particles are.

It is as true for a gas of O, molecules as for a gas of Xe atoms.
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[
6% 1. P,=2Pp
6% 2. Py=-2
0% 3. P,=4Pg
0% 4. P =
88% 5. Py=Pp ||
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Gas constant R Pyen@T
The value of the gas constant has been determined by measuring V for a given
P,n,andT. =72
J t¥3 #20 =243 K
For example, the volume of 1 mol of gas at 20°C and 1 bar = 100000 Pa =
100000 )/m*is s T - a
V =0.02437387 m3® = M—% B >
From this we can evaluate that ———— :S
R = PV _ 105J/m®3x0.02437387 m3 —ls.314472 ]
nT 12101 293.15K K mol K /mgt
11
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Gas constant R

Often, pressures are measured in atm (1.01325 bar) and volumes are
measured in L (1 L =10"% m?).

Since 1 m3 = 1000 L and 1 Pa =1 atm/101325,
1]=m3Pa =1000L X —2_ = 0.00986923 L atm

101325
0.0820575 2 /
K mol

In calculations, use the value of R with the most convenient units.

From this we can evaluate that

R = 8.314472 ] x 0.00986923 L atm _

K mol ]

12
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Gas constant R
Since
1] =1Pam?® = 10~%bar x 103L = 1072 L bar
an alternative expression for the value of the gas constant

R = 8314472

K mol

is

R = 0.08314472 —@D

L
K mol
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Gas constant R

R = 8314472 -

K mol
L bar
K mol

R = 0.0820575 221"
K mol

R =0.08314472

Copyright © 2020 Dan Dill dan@bu.edu

In calculations, use the value of R wit] @
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Gas constant R
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R = 8314472

K mol

R = 0.08314472 b

K mol

Finally, pressures are sometimes measured in atm (1.01325 bar) and so a third
expression for the value of the gas constant is

L bar atm L atm
R =0.08314472 g A — 0.0820575 T

14
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STP and SATP

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

——
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STP is Standard Temperature and Pressure,
T =273.15K = 0°Cand P = 1 bar = 10° Pa

SA_TP is Standard Amb_ie_nt Temperature and Pressure,
T =298.15K = ZjiC and P = 1 bar = 10° Pa

16
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[TF] What is the volume (m L) of 1. OO mol of an 1deal gas at standard ambient STP and SATP
temperature and pressure, SATP7 R =8. 3145 — = 0. 083145 L bar,
0% 1 1 han 20 L f—é :‘_s—% What is the volume (in L) 001 of an ideal gas at standard ambient
% 1. S35 e M K ) temperature and pressure SA /

. ) = - —

l(l)ujo ; 20 ;it 6@3{ v =T _ Dmoloos31’i'ﬁ§l(l<mol)@ 24.5L

830/“ \M* (Z}Z,\S 425 )AO 08314 ,_7 P @ s —1
o 4. = "//—’_( 2

0% 5. 26-28L I

0% 6. 28-30L
6% 7. Morethan30 L

g4H0s4
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Gas law calculational recipe Gas law calculational recipe O - ‘L”\)

The recipe is to rearrange PV = nRT so that what does not change is grouped A 2-liter cylinder contains a gas at 250 kPa at 18°C. What will be t\le pressure

on one side of the equality and what does change is grouped on the other. at 125°C?
Heating the gas makes the particles move faster, there will be more collisions
with the container walls in a given time, and so the pressure will increase.

19 20

Copyright © 2020 Dan Dill dan@bu.edu



Lecture 5 CH131 Summer 1 2020

5/28/2020 12:31 PM

Lecture 5 CH131 Summer 1 2020 Copyright © 2020 Dan Dill dan@bu.edu

Gas law calculational recipe

A 2-liter cylinder contains a gas at 250. kPa at 18°C. What will be the pressure
at 125°C?

The volume (V) and amount (n) of gas are constant, so rearrangement gives
nR P. P, T:
_=_1=_2_>p2=p1_2
V T, T T,

P, = 250.kPa x (273.15+125) K

= 342 kPa
(273.15+18) K

ecture 5 CH131 Summer 1 2020 Copyright © 2020 Dan Dill dan@bu.edu

Gas law calculational recipe
A piston containing 25.0 dm? of gas ais expanded to 55.0 dm3. H

The increase in volume means the gas particles must travel farther between

collisions with the container walls, there will be fewer colNisions with the walls
in a given time, and so the pressure will decrease.

The original pressure can be restored by heating the ga at the ihcreqsed
speed offsets the greater distance. / P

/,1—25.0
% at o’

‘& To what temperature must the gas be heated to restorel|t

before the expansion? [j 456°c

BOSTON
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Gas law calculational recipe
A piston containing 25.0 dm? of gas a@ expanded to 55.0 dm?. 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 rearrangement gives
sl =T %2 l
_Tl_TZqTZ_TlVl r——ﬂ
3
T, = (273.15 + 45) K x 229 — 700, K = 427°C
25.0dm —_—
23
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Gas law calculations /1
Calculate the density of water in the gas phase at 100.0°C and 1.00 atm.
Rearrangement of the ideal gas law gives 0.0805%5 Lah/émg
B W
R e Kow
24
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Gas law calculations

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

ecture 5 CH131 Summer 1 2020 Copyright © 2020 Dan Dill dan@bu.edu

Gas law calculations

At 100.0°C, the density of water vapoy’is 0.000588 g/mJ) and that of liquid
water is 0.958 g/mL. How much farthex apart of watef molecules in the gas

phase than those in the liquid phase?

The ratio of the densities,

0.958 g/mL
_0958g/mb _ _ 443,
0.000588 g/mL  _——

Rearrangement of the ideal gas law give | %/ML
n P 1.00 atm mol =
L Ly 0.0327 ==
V. RT  0.0820575; —1x373.25K
2 = 00327 0% x CXL00IEIIE, L _10 000588 £~
mol 1000 mL
—_————— ’7“
A Y
T)
/7 \———"
w e\ /(630
@ S y ‘ e B°
25
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Gas law calculations
This means the same volume can holny liquid water
molecules as gaseous water molecules: ————
Since volume is the cube of distauCe, the cube root of the ratio, 1630}/3 = 11.8
means the gas particles are abgut 11.8 times farther apart than liquid particles.
(68
~ 1009
~ 16,000
27
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Partial pressures PVEmRT

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 in only in
proportion to iEs relative number of moles,

p = MaRT | MRT =P 4P

= v v e ___”

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

28
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Partial pressures

A convement way to calculate partial pressures is to use mole fractlons,

Since

ng nRT|, np nRT

/
RT
:[7 V? l+xb"—+ - =X P+ x,P + -

Pty B
we see Tirat the partial pressure of each kind of gas is
P, = xaP Py, = x,P, ..

This is known as Dalton’s law of partial pressur

Lecture 5 CH131 Summer 12020 Copyright © 2020 Dan Dill dan@bu.edu

[TF] When 1 mol of H,(g) is added to a cylipderofyolume V and at temperature
T the pressure is 1 bar. Then an addition i
same cylinder keeping the temperature thesam

hat is the new pressure in

the cylinder? 1 it H‘L [by.,
® =
0% 1. <1bar 'rjj . V T. P
6% 2. =1bar R -~
22% 3. Between 1 and 1.5 bar ~ \
) ww‘?-: i‘MI\_) ){}; 0‘6
0% 5. Between 1.5 and 2 bar P L= —;/05 XCO;\/‘\'O“EJ
6% 6. =2bar WP v
vl B \bat

M:lbﬂww: v
Y N Zr. LG 844084
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Partial pressures
A mixture consisting of 0.513 g of H,(g) and 16.1 g ofN occupies 10.0 L at )
20.0°C. Calculate the partial pressures of eachgas in atm.
<0 B
First step, calculate the moles of each gas and the total moles.
ny, = 0.254 mol,nN2 = 0.575 mol,n = 0.254 mol + 0.575 mol = 0.829 mol
31
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Partial pressures
- : Aamjxture consisting of 0.513 g of H,(g) and 16.1 g of N, (g)
occupie€10.0 L t alculate the partial pressures of each gas/m atm. m_
ny, = 0.254 mol,nN2 = 0.575 mol,n = 0.829 mol MKT"/
[U— 7
Second step Use the total moles to calculate the total Jpressure.
P ="8T = .829 bl x 0.082057><m
v . P 10.0 —
J
32
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Partial pressures Gas law calculations in chemical reactions

P 13-31, page 463: A mixture consisting of 0.513 g of H,(g) and 16.1 g of N;(g) C3Hg(g) and 0,(g) are placed in a sealed, rigid container. After the container
occupies 10.0 L at 20.0°C. Calculate the partial pressures of each gas in atm. hasbeen heafed to 125°C, the partial pressures are Pc,n, = 1.00 atm and

ny, = 0.254 mol, ny, = 0.575 mol,n = 0.829 mol, P = 1.99 atm Py, = 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 t .
Final step: Calculate the partial pressures. d of the reaction at 125°C? o= m [N IUOZIVM
Pu, = tzP = 0829 oo X L 99 atm = 0.612 atm Write the balanced chemical equation. i_/{_—\é—_ 100 0 0

0TS . ! z
Py, = xN2P = 0820 : = 1,_'38 &l - - & \-l D PW L 0
= C,lly 19) Co, z T=28°C
Check: . 3 2 o Z.00
eck: w.uhdl(P \.00 \.00 o ?.4 2.00
P = Py, + Py, = 0.612 atm + 1.38 atm = 1.99 atm 6 +4=10

—_ fuid P

BOSTON
UNIVERSITY
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Gas law calculations in chemical reactions P-pm

C3Hg(g) and 0, (g) are placed in a sealed, rigid container. After the container
has been heated to 125°C, the partial pressures are Pc.;, = 1.00 atm and
Py, = 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? 3 ‘Ammi )
C3Hg(g) +50;(g) — 3 COz(g) + 4 H;0(g) lwﬁucg&*(
— .00 ﬁ a,

Determine the linnting reagent
g reag 34w C
1.00 atm C3Hg — 3.00 atm CO, LOD@O 5 z

1.00 atm 0, —{0.600 atm CO, ~ 0.600 @0,
—

v

35
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