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Gas Law Equations for Formula Card

Boyle's Law

PiVi =BV, Vv,

Charles' Law

ViV,

T T
Gay-Lussac's Law

P, P,
T, T,

Combined Gas Law

Vi RV,

Ty T3

Avogadro's Law

Vs
np

nq

Ideal Gas Law

PV = nRT

Gas Density Equation

i 22
RT

Gases

Topic#ll

Dalton's Law of Partial Pressure

PT:P1+P2+P3...
P+1=Pgas+ Puzo

1 mol = 22.4L

Graham's Law

P(];lx = (XGH.\' 1 ) ’ (PT()I‘.ll )

Rate,
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_ moles Gas |
91 Total moles
ny . .
Xy= =mole fraction of species1
ny +n2
n
X, = 2 _ =mole fraction of species 2
ny +n,
X1 + X2 =1

Mole Fraction:

XIL

Piotal

Molar Massg
Molar Mass,



Gases

Kinetic Molecular Theorv (KMT Topic#1l

Kinetic Molecular Theory
1. Gases consist of large number of tiny particles that are far apart relative to their size, and are considered
volumeless.
2. Collisions between gas particles and other particles or container walls are elastic collisions.
e Particles are not attracted to each other or container.
3. Gas particles are in continuous, random motion. Possesses kinetic energy (KE) which energy of motion.
4. The temperature of a gas 1s directly proportional to the kinetic energy of the gas particles.
KE ='amv? (all gases at the same temperature have the same average KE)
Gas Characteristics
1. Expand to fill their container - no definite shape
(solids have a definite shape and liquids take the shape of part of their container.)
2. Take on the volume of their container.
(solids and liquids have a definite volume.)
3. Are fluid (flow)
4. Very low density (1000 less dense than a liquid)
(solids and liquids have a relatively high density.)
5. Very compressible
(solids and liquids have very little to no compressibility.)
6. Diftusion - spontaneous mixing of two or more substances through random motion.
(solids - ocurrs only on surface and is very low, liquids - diffuse but slower than gases.)
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Kinetic Molecular Theorv (KMT Topic#1l

States of Matter
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Kinetic Molecular Theory (KM'1 Topic#11

hiquid that
expands when
heated

Thermometer bulb

Heating and Cooling a

Thermometer

Less heat More heat
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Kinetic Molecular Theory (KMT Topic#11

Boltzmann Speed Distribution KEu

0°C

Number of Particles

Number of Molecules N

Speed

For any given temperahure, then is a distribution of speeds
with which particles within the sample canmove. As the Speed v
temperahure is inaeased, there is a greater percentage of

particles moving at the higher speeds.
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Pressure Topic#ll

Gas Variables
P - pressure, V' - volume, » - moles of gas, R - ideal gas constant, and 7 - temperature (Kelvin)

Pressure - Force over an area

- Force of gas hitting its container. .
- Measurement: Force of air over 1cm? area ° e
- Barometer measures atmospheric
pressure (invented by Evangelista Torrcellr)
- Manometer measures the pressure of an
enclosed gas
- the atmosphere (atm) is the most common
unit for gas pressure
- latm = 10.1N/cm? ( A Newton is the force
needed to move a 1kg
object by 1m/s each
second the force 1s
applied)
latm = 101.3kPa = 101,300Pa = 760torr = 760mmHg = 14.7psi
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Pressure Topic#ll

Gas Variables
P - pressure, V' - volume, » - moles of gas, R - ideal gas constant, and 7 - temperature (Kelvin)

Vacuum

Glass |-, Ah - P H
Tube e = = 7
50mm Hg atm = 760mm Hg
’ 1 Pgas<Patm
| Pgas=Patm-Ah
,j\ Pgas=710mm Hg
Pgaf ./~ Hg
Open Manometer B —
Reservoir Manometer

Barometer
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Pressure Topic#ll

latm = 101.3kPa = 101,300Pa = 760 torr = 760mmHg = 14.7psi
S le WS#] - P Unit C )

(1) The average atmospheric pressure in Denver, Colorado, 1s 0.830atm. Express this pressure

(a) n mmHg (Ans: 631mmHg, 84.1kPa)
G"N N o
[ X
0.9 30 oadm | atm = 7600’"’"”3 D

thuri '-'_6—3‘.__ MMHS

Sot.u.'rw (V)

0.330 aim l 160 mmuﬁ =[$5’mmua

l | aim
(b) n kPa N
(; v Tk
0.330atmy Jatm= 1oV.3 KPa Uwnk
Prpn, = DE1 . KPa

SoLution:

0.%30 otm | 1ol.5kPa

l [ adm . D’le?“




Gases

Pressure Topic#ll

latm = 101.3kPa = 101,300Pa = 760 torr = 760mmHg = 14.7psi

(2) Convert a pressure of 570.torr to atms and kPa. (Ans: 0.750atm, 76.0kPa )
Gun NTK Aaw
590. toecr latm = 760 +orr Patm=~ _0.780  .m

101.3 KPaz: 60 torr
P“?‘: I?‘-D l‘pll

sOI.ILT oAt

o |aten  _
570. + rr} 2= =[67150 atm)

570.+orc | 1013 KO ke

‘ 160 torr
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Pressure Topic#ll

latm = 101.3kPa = 101,300Pa = 760 torr = 760mmHg = 14.7psi

(3) (OYO) Do the followmg pressure conversions.
(a) Convert 0.790atm to mmHg, and kPa.
(b) Convert 674mmHg to kPa, and atm.

(Ans: 600.mmHg, and 80.0kPa)
(Ans: 89.8kPa, and 0.887atm)
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Pressure Topic#ll

Assignment:
Topic#11 Gases

WS#1: Pressure, Volume, and Temperature



Gases
Topic#ll Demo: water tri

(1) Write an

Pressure
Dalton's Law of Partial Pressure
- the sum of each mndividual gas pressure, in a mixture, equals the total pressure of the system.
PT:P1 +P2+P3 2
- Gas collected by water displacement
- the total pressure 1s equal to the pressure of the gas plus the pressure of the water
vapor above the liquid water.
- the pressure due to water vapor 1s directly related to the temperature of the water
Pr=a. T Pine

0, gas

0O, gas
bubbles S 2
KCIO (s) e - Water
L’l‘ -ﬁ H i q E’
| ‘1F \.l ;
7 9
I \ 73
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Pressure Topic#ll
Demo:

(D

- 9
ur

209 781 097 128 0.05 101.3 Kfa

Dalton's Law of Partial Pressures

The total pressure in a gas mixture is the sum of the partial pressures of each individual gas.

l,tot,ll - Pgas a . Pgal b
4atm pressure = 1atm pressure + 3atm pressure
gas a

+

gas b gas a gas b
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Topic#1l
Pressure P Trace Gases

Atmospheric Composition Methane

Helium  0-42% Nitrous Oxide

Oxygen Argon Tra oy 1.299% 0.078%
0.9% r 0.1%
21.0% l Neon Ozone

4.675% 0.010%

patrogay Carbon
78.0% Dioxide
Pr=P,+P,+P;+ ... 93.497%
- 760mmHg =
Pos=(760)(0.210)  Po2=159.6 mmHg g

P,,= 6.8 mmHg
PA.=(760) (0.009) Pither = 0.76 mmHg

Poer = (760) (0.001
aer =60 000D 750,96 mmg

60mmH
32+ Part

(760) (0.
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Topic#ll
Pressure P Pr=Pi+P,+Ps+ ...

Dalton's L.aw of Partial Pressure Practice Problems
4. What is the total pressure of the system when the gaseous mixture contains 57mmHg of carbon dioxide,
381mmHg of oxygen, 82mmHg of water, and 14mmHg of methane? (Ans: 534mmHg)

Extra: What is the percent of O, in the mixture? If the total moles of the mixture 1s 18.4moles, how
many moles of oxygen are in the mixture?

Lo
v !MI‘.
Guw P, =534 mmiy

Pc°11 57 l'“"'\'H5 PT = Pc’l - Pca +* PH;O r P

CHy

Po, = 331 mmHy

Sol.u'r 1I9A"

P :5T+3% +82+ 1= SSHmmHS

s . 38 o = 7.3%
%0, 3T x [00% =

(0/‘ 025 nT - n°1
(o.‘]l'ﬁ)cn.‘h" I'!\.l miles 01

% WO © T2 mnrll-ls

Pcu.' = )4 mm“:



Gases

Pressure Topic#1l =1 ot Pase

5. Oxygen gas from the decomposition of potassium chlorate, KCIC;, was collected by water displacement. The
barometric pressure and the temperature during the experiment were 731.00torr and 20.0°C, respectively.
What was the partial pressure of the oxygen collected? (Ans: 713.7torr)

Guw Nree Unr
s % Paus ¢ 3. orr
PT - .73‘-00 +ore P'|' P:n‘l PHLD 9gas -—_2.__+
Te2e'c SeruTion:
760 ) P
= n —=) ¥+
'75“'0”' - (2..5 jo).B o,
= PBl=-(3 " _____'160) = .Ttore
(’o1 731 - ( 120 s
Vapor Pressure of Water
Temperature Pressure | Temperature | Pressure | Temperature | Pressure | Temperature | Pressure
) (kPa) () (kPa) ¢C) (kPa) ) (kPa)
0 0.6 18 2.1 26 34 50 12.3
5 0.9 L2 | | [23] 27 3.6 60 19.9
8 1.1 21 25 28 3.8 70 31.2
10 1.2 22 2.6 29 4.0 80 47.3
12 1.4 23 28 30 4.2 90 70.1
14 1.6 24 3.0 35 5.6 100 101.3
16 1.8 25 3.2 40 7.4
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Pressure Topic#1l =1 ot Pase

6. (0YO) Some hydrogen gas is collected over water at 20.0°C. The levels of the water inside and outside the
gas-collection bottle are the same. The partial pressure of hydrogen is 742.5torr. What 1s the
barometric pressure at the time the gas is collected? (Ans: 759.8torr)

Vapor Pressure of Water

Temperature |  Pressure | Temperature | Pressure | Temperature | Pressure | Temperature | Pressure

¢C) (kPa) ) (kPa) CC) (kPa) CC) (kPa)
0 0.6 18 2.1 26 34 50 12.3
5 0.9 20 23 27 3.6 60 19.9
8 1.1 21 2.5 28 38 70 312
10 1.2 22 2.6 29 4.0 80 473
12 1.4 23 2.8 30 42 90 70.1
14 1.6 24 3.0 35 5.6 100 101.3
16 1.8 25 3.2 40 7.4
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Topic#ll

Gases

Mole Fraction - the fraction of each part in the whole based on moles

Xl =Ny
nr

11 - moles of substance 1
nt - total mole of all components

Mole fraction (Xy) and partial pressure
(Py) are directly proportional.

Dalton's Law:

Piotal =Py + P2

Mole Fraction:

X

P1 and P2 are the partial pressures
of each gas in the binary mixture.

- Ptoull

Py, =29aim Py.=7.2atm P = 10.1 atm

0.60 mol H, 1.50 mol He 0.60 mol H,

= ; 1.80
nT 0.0+

1.50 mol He

= 2.]06m lgs 210 mol gas

X -_-_r..\-.'_e 0.60 = 0,2%
! Ny a.10 .
X% 1.00
.M '
Xz == L8e. g 9y



Gases
Pressure

Mole Fraction: Topici1l Dalton‘sPLaw: LB
X1=nl/nT e
nl - moles of substance 1 :
Mole Fraction:
nT - total mole of all components P,
X B

7. A chamber contains four gases at a pressure of 1048torr. The mixture is 4.25moles of oxygen, 0.785 moles of

helium, 2.78 moles of methane, and 1.31 moles of carbon dioxide. What is the partial pressure of each gas?
G uns

(Ans: O, = 488torr, He = 90.1torr, CH,; = 320.torr, and 151torr CO;)

Nt Unk
PT = 1093 torr Xa_'ﬁ'— y & P (X ) Poz:._iﬁ orr
:-:‘?Sm;i?t\e. N> ‘fT?.s +O'?85-t2‘784l'5) 925 Pue > 12 90.! sorr
Bt ot S s Pas,> 31 tore
= xoi Ny TGS s (w%) et " PC01= _J_§__Q__ torr
Ko %? : g-?ls FOOR Ay Sa %\i"——k';!sg*?o.hbmls«)
Keuy = Oy =2—7—- -0.205(p9%)* D19 dorp  * 1047 Mtorr

z 1.5 . {50 4o
fen, *Semae GRY omlitihs 150 4er
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Topic#1l
Pressure P e
Mole Fraction: Piotar =Py + P
X 1= nl/ nr Mole Fraction:
P
n; - moles of substance 1 Xa=p

nt- total mole of all components

P and P2 are the partial pressures
of each gas in the binary mixture.

8. A gas mixture 1s created by blending 0.2 mols CG,, 2.0 mols O, and 7.8 mols N,. If the total pressure
1s 750 mmHg, calculate the partial pressure of oxygen. (Ans: 150mmHg ;)

Sun, NTE Unk
0.2mol CO, Nao, _ (. = 150 mH
A.0mel Oy N ) Xa7' % e
7. € ol Na Po, »{ 0, )PP
P1= Toganty Solve: = ny: 02L+42.047.%= /0 moles

Dew . 28+ 6200 fo, = (0200X159)

|
" o, ” @nni)
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Pressure

Topic#ll

Assignment:
Topic#11 Gases

WS#2: Dalton's Law and Mole Fractior
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Gas Laws Topic#11

Boyle's Law

The pressure (P) of a gas and the volume (V) it occupies are mversely proportional. The number of
moles (n) of the gas and temperature (7) are held constant. —

PV =k Plvl - PZVZ
P 2 VQ =k

P 3 Vg, =k

SO, P1 Vl — Psz — P3V3
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Gas Laws Topic#11
Boyle's Law

PV, = PR,V,

Pressure (P1)

l l Pressure (P2)
. ". . l l l l Atmospheric Atmospheric
L] 77 pressure pressure
®e* °. . ' . o .
] PY { ] L ] . L ] . [ ]
Hg added %
Volume (V1) Volume (V2)

760
mm

'

Gas

; . Volume
Volume =30 mL

=60 mL

(a) (b)
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Gas Laws

Boyle's Law

=

10

Volume
mL x 100)

6
4

2

Topic#ll
P1 V1 = Pz Vz

Held Constant: n and 7
Inversely Proportional

m=d
PxV=k —_—
X 7

P& vl

Question

Please graph the follwoing data.

What can be done to the P/V
data to change an inverse
proportion (curved) graph into

a straight lme?

1200
600
300
200
150
120
100

1.0 2.0 3.0 40 5.0 6.0

Pressure
(atm)

Volume(ml) Pressure (atm)

0.5
1.0
2.0
3.0
4.0
5.0
6.0

1/p
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Gas Laws Topic#11
Boyle's Law

P=1atm
V=4L
5 1 = 4 (abn)(L)
4 P=2L
- C_D v=2L
=5 L PV =4 (stm)(L) P=4L i )
E — V=1L v v
G e PV = 4 (st )(L)
=3 2
l
. — P /P
0 1 2 f 7

4 5
Presswre (atm)

(a) (b)
0 . (Boyles Law): -
(1) What happens to the volume 1f the pressure 1s tripled?
(2) If the pressure 1s halved, what happens to the volume?
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Gas Laws Topic#11
Boyle's Law STP - standard temperature (0°C/273K) and pressure (latm) P, V; = BV,

Sample WS#2- Gas Law Practice Problems
1. A sample of oxygen gas has a V' of 150.mL when its P 1s 0.947atm. At constant 7 and n,

what 1s the V' of the gas at a P of 0.987atm? (Ans: 144mL )
Gun N V,: 144 ml
V= 150. mL PGl 5 Vo BV,
P,x 0.941 i
) = O' UI.'}M 1 2
P, 0.787 adm Solve :
L e (156)
V |50 | ¢ . (0141158
mlL mL - e

(o A3
0197 |0 %7
Il R = 4.
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Gas Laws Topic#11
Boyle's Law STP - standard temperature (0°C/273K) and pressure (latm) P, V; = BV,

2. (OYO) A balloon filled with He gas has a V' of 500.mL at a P of 1.0atm. The balloon 1s released
and reaches an altitude of 6.5km, where the volume 1s 1.5 liters. Assuming that the 7

has remained the same, what 1s the pressure of the gas? (Ans: 0.33atm)




Gases

Gas Laws Topic#11
Charles' Law
The volume (V) of a gas and the temperature (7) it occupies are directly proportional. Where
pressure (F) and number of moles (») of gas are held constant.
=ik
T, Vl Vz
V=k T — T
')
=i 1 2
15
So,=12=1a
L I, 1s
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Gas Laws Topic#ll
Charles' Law
Volume (V1) Volume (V2)
/
1 [ ] ° [ ] j [ ] 50
L ] [ ] [ N ]
° foree ° A ;
\®@ o0 00 \® o © /
m Temperature (T2) Fé el
Temperature (T1) I‘I I‘I P =
50.0°C il B .
I’l
uﬂm‘l 200

-273°C

100 0 100
Temperature (°C)

200

300



Gases

Gas Laws Held Constant: # and P e .
Charles' Law Vi=V, = Question: Graph the following data
i T and calculate the slope.
- - Volume(ml.) Temperature (K)
Directly Proportional 750 200
Vi T 500 400
Volume 750 600
(mL x 100) 1000 800
104 1200 ?
g 1
6
4 4
2 -
—— 1
200 400 600 800 1000 1200
Temperature

(K)
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Gas Laws Topic#ll v v
Charles' Law STP - 0°C/273K and pressure latm. ey
T, T
3. A sample of neon gas occupies a ¥V of 752mL at 25°C. What V' will the gas occupy at 50°C
if the P remams constant? (Ans: 815mL)
Gon, Nre Yok
V= 752mL Vi |V, V,: als i
T,
T,z 954273:218K T2 1 2
Vz - Vl (.TZ)

T,:=50+273:323
? T V|52 | ?

ol\lf'- =

2 Q9% K K




Gases

Gas Laws Topic#ll v V.
Charles' Law STP - 0°C/273K and pressure latm. T_l = T_Z
1 2

4. (OYO) A helmum filled balloon has a volume of 2.75L at 20°C. The volume of the balloon

decreases to 2.461. after 1t 1s placed outside on a cold day. What 1s the temperature in K and °C?
(Ans: 262K, -11°C)
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Gas Laws Topic#11

Gay-Lussac's Law
The pressure and temperature of a confined gas are directly proportional when the

number of moles (7) and volume (¥) are held constant.

Plzk
/i P1 Pz

Pk L=
=

B=k T T
15

So 1= Py= P

By @y s



Gases

Gl [ o Topic#ll
Gay-Lussac's Law Pl Pz

Gay-Lussac’s Law: Pand T

+ the pressure exerted by

a gas is directly related ™ B
to the Kelvin | —— S——
temperature. E B 1 6
9
" ]
* Vand n are constant. o 5

N\

1 =

P
Tl

A

T=200K T =400 K
u\[f:lulm P =2atm

0 100 200 300 400 500 600
Temperature (K)

Pressure (atm)
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Gas Laws Topic#11
Combined Gas Law
The pressure, volume, and temperature of a contained gas are related to each other when the

number of moles () is held constant.
PV, BV,

LR

Figure 2. Yolume of One Mole of Gas
Under Different Conditions

PV =k V/T=k P/T=k
All Balloons contain one mole of gas (6.02 = 10 molecules)
Boyle's Law Charles’ Law Gay-Lussac’s Law
PV=k
T = Medium T = High T=Low T
!

Mediurm P=Low P = High
Combined Gas Law
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Gas Laws Topic#11
Combined Gas Law

Combined Gas Law

Variables
Held Relationship Equation
Constant
Boyle’s T,n Inverse P,V,=P,V,
Charles’s P,n Direct L1
TI T?
Gay-Lussac’s V,n Direct bt
Tl Tl
Combined n n/a PV, = B3



Gas Laws
Combined Gas I.aw

Gases

Topic#ll
STP - 0°C/273K and pressure latm. =

PV RV
T, T

5. The volume of a gas is 27.5mL at 22.0°C and 0.974atm. What will the volume be at 15.0°C

and 0.993atm?

Gun
V,z 21.5 mlL

T,=273+22 = 295K
PI: 0.7 atm

. L 273+ 155 28¥K
PQ._' O."I'TB-«"M

BXR)

N

,ﬁ\_\L = sz'l. V -

T T o
1 2
0974 (0.993

P at+m ot m
v |15 | 7
ml mL

295 259

T |k

(Ans: 26.3mL )
Uni

——

263 L

Selve®
- . (o,qf)q_xl'!.sfl‘&ﬂ

X T7245Y 0.4

* 26.3 mL




Gases

Gas Laws Topic#1l PV, BV,

Combined Gas Law STP - 0°C/273K and pressure latm. T - T
1 2

6. (0OYO) A 700.mL gas sample at STP 1s compressed to a volume of 200.mL, and the

temperature 1s increased to 30.0°C. What 1s the new pressure of the gas in Pa?
(Ans: 3.94 x 10°Pa)




Gases

Gas Laws Topic#11

PV, BV,
Combined Gas Law STP - 0°C/273K and pressure latm. — =

T, T
7. A gas 1s collected over water at 28°C. The total pressure of the gas collected over water

1s 1.89atm. If the origimal volume of the gas 1s 160.mL, what is the pressure of the gas
with a volume of 80.0mL and a temperature of 89°C? (Ans: 4.45atm)

G N Uwwr
T :273+2%: 301K PVi 2 PVe . P2 PV T P . 445 am
41 T . ’ LU pir S
QT= |%1 = Pﬂ"-" PHI..O 1 2
: 160nlL Solve -
uE (1.3531es) (30D
Vz z 30.OmL- p ‘%5 7 Pz i (361Y S’O)
- +m
.5 273+8§1 = 362K -
B Vv jLo | Be Py 4.95tm
Pﬁ"" = PT o“ﬂ' - -
= . G‘-(S.ﬁ <| 3 5“_
10l ol

Vapor Pressure of Water
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Gas Laws

Topic#ll

Assignment:
Topic#11 Gases

WS#3: Boyle's, Charles', and Combinec
Gas Laws



Gases

Gas Laws Topic#11

Questions Regardng WS#3 on Boyle's, Charles', or Combined Gas Laws’

WS#2: Boyvles Law WS#2: Charles's Law
(1) (a) 106mL (b) 48.2mL (c) 472mL (7) (a) 2.00x10*L.  (b) 5.00x10°L
(2) 126kPa (8) (a) 294.2mL  (b) 67.3mL (c) 91.00mL
(3) 266mL (9) 7.7°C (281K)
(4) (a) 2.5x10* (b) 1.7x10* (c) 1.0x10°
(5)2.03L WS#2: Combined Gas Law
(6) 211kPa (10) (a) 552mL  (b) 213mL (c) 111mL
(11) (a) 173mL  (b) 115mL
(12) 567mL
(13) 42mL

(14) 220.8kPa



Gases

Avogadro's Law

Topic#ll
hydrogen gas + oxygen gas --> water vapor
2Hx(g) +  Oig) ->  2H,0(g)
2mol 1mol 2mol
2volumes + 1volume = 2volumes

)

L.

How many liters of H»(g) are needed to completely react with two liters of N(g)?
(Ans: 6 hiters H»)

Gunv
2L N,

N

3Ha(g) + Na(g) — 2NHs(2)
L 2L

Selve: 2L W, /(3)(W)\ _
((i) U"Q) ‘

Une

L



Gases

Avogadro's Law Topic#11
Vi Vp

n, n;
2. (OYO) How many liters of CCy(g) are produced 1f 751 of CO are burned in Ox(g)? How
many liters of O2(g) are necessary? (Ans: 751 and 37.51.)



Gases

Molar Volume Topic#1l
Molar Volume L
I mole of any gas at STP (0°C and 1 atm) has a volume of 22 4L
Conversion factor
Molar Volume Imol =22 4L
3. A chemical reaction produces 0.0680 mol of O,(g). What ¥ in L 1s occupied by this gas at STP? Ans: 1.521L
Gun, N T Use
0.0680mel O, Jmel =22.4L @ STP \102: .52 L
0E! g.ocwomgl 0y | 22 (5210,
) I !
4. A sample of Hx(g) occupies 14.1L at STP. How many moles of the gas are present? (Ans: 0.629 mol )
Guvw Ntk Unw
(4L Wy Imol=22.9L Mol = 0.619 mol
“1 ——

SolVE: Il | Yol *——"‘
b ? = - .GZ‘i \H
] 210k P



Gases

Molar Volume Topic#ll
1mol =22.4L

5. (0OYO) At STP, a sample of Neg) occupies 550.cm®. How many moles of Ne(g) does this represent?
(Ans: 0.0246 mol)



Gases

Molar Volume Topic#ll
1mol =22.4L

Molar Volume Practice Problems

6. Find the mass of sugar (CsH;,0Og) required to produce 1.82L. of carbon dioxide gas at STP from the reaction

described by the following equation. CsH1204(s) — C:HsO(s) + COs(g) (Ans: 7.32g CsH1206)
Mt U nr
Gun T ; B e
.82L Ca,_ C(- H)')_O‘ _'lca HLO +2C0, MmassS = 732 9
74 LR2L (M0,

MM~ 130.189/me)

SoLvEf
LCo, | \msl f C. R0 186.)%
lﬁ}/’}']’ 2L ;C:;z - { v . :1‘7'32)(:0”?0]

L. 1+ers — ma\is(quﬁ-—‘ Mmolt — % MA —o Grams o¥%
catio unknown




Gases

Molar Volume Topic#ll
1mol =22.4L

7. (OYO) How many liters of oxygen are necessary for the combustion of 425g of sulfur, assuming that the
reaction occurs at STP? Ss(s) + Ox(g) — SOx(2) (Ans: 2971 Oy)



Gases

Molar Volume

Topic#ll

Assignment:
Topic#11 Gases

WS#4: Molar Volume



Gases

Molar Volume Topic#ll
1mol =22.4L

Questions Regarding WS#4 on Molar Volume



Gases

Ideal Gas Law Topic#ll
Ideal Gas
¢ Follows Kinetic Molecular Theory (KMT

© 100% elastic collisions, no attraction to anything, 7 and KE are directly proportional, gas particles have
no volume, and particles are in fast, constant, random motion.)

PV = nRT’
Prove: 1mol =22.4L and R = 0.0821

J—

P PU=nRT
m = (med g
Viz 224U fR - PV - (A (22.¢) aitmn’
P:c laim 7}7 T (D@ el - K
T =273k _'0.082051282

(P i% a-n. aﬂM)
231 (Pisin kPa)
3.4 (Pis in mmblg o Yore)




Gases
Topic#ll

Ideal Gas Law

PV =nRT

Sample WS#4 - Ideal Gas Law
1. What 1s the volume, in liters, of 0.250mol of oxygen gas at 20.0°C and 0.974atm of pressure? (Ans: 6.17L.)

Evno

P.,Oq im NTe
-I'\/:?L PV=nRT

"I 5.250mol V, = nAT
“*d:0.0821 T
* T:90.6+273:293K

Sal\!t'—
‘ -
Vin liters

’P n atm

* T n Kelving

%

U
\/0:

2

L. L

- nBT_ (0.250)(0.0 821233

P (0.974)

o,



Gases

Ideal Gas Law Topic#1l PV=nR1

2.(OYO) What 1s the P i atmospheres exerted by 0.500mol sample of nitrogen gas in a 10.0L container at
298K? (Ans: 1.22atm )



Gases
TOplC#ll PV - nRT

Ideal Gas Law

3. What mass of chlorine gas in grams, 1s contained 1n a 10.0L tank at 27°C and 3.50atm of pressure?
Guw Nre (Ans: 101g Cl, )
S Unw

P=350atm PV:nRT Mﬂc, = 70.90 Yol
V= lo.oL n= PV = masse : 101 9
Nz un AT
: 0.0%2) . -

R S/nr\'-—%‘-/;_ J435.P\/I“’lr\
T: 27+273=300K AT

SaLvE =

o . (356) 16X 70.90)

B (6.0321)(3006)

q> 10675y = IOJojCl,_!



Gas Density
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Gases

Topic#ll

[ 4t m PV:/\TZ\J
O3 °) p—
x PV om 8

Dd ®
mv _
o 0 o Pm__ - j
. J K
RxT Vv
MMxPV=g
RT
PV=nRT MMXxP=g/V=d
PV=g/MMxRxT RxT
PV =g/MM ‘

R7



Gases

Gas Density Topic#1l o e N
\Y RxT
Gue DenditviPractics Proki
4. At 28°C and 0.974atm, the density of a gas 1s 5.15g/L.. What 1s the molar mass of this gas?
Eun Mre (Ans: 131g/mol)
daes * 5:15 9 /L Ju 8 = P& Ve
T 2%+ 273 =30l K v RxT MM 131 3 /mel

P- G.19714 a+m

SOLVE .

515 . (097 (M)
: ©.0%21)(301)
(5.15)(0.0 v2N(301)
(X 6.474)

MM: |30.60 = l;s]a/m,1!

R:=: 0.0%82!)

MM -




Gases

: Topic#1l
Gas Density P dgas =g = MMxP

V RxT

5. (OYO)What 1s the density of a sample of ammonia gas, NH3, if the P1s 0.928atm and the 7 1s
63 C? (Ans: 0.573g/L NHs)
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Gases

Graham's L Topic#ll
e UFs = 352g/mol
Talk about the gases i the room: HF =20.01g/mol
rave Derivation of Graham's Law Equation
Mass of each gas? A&__lmmg
g = L | KE = 1/2mv?
peed of each gas?  raley mmp, -
Temperature of gases? KE i lé mv > @ Sen
Compare smart car to semi.
What about KE of the gases in the room? KE UF, = Lm U=
KMT?
What 1s the formula for KE? KE,, = KE » ’
Baseball bat and baseball. . 2
Ex: Speed of HF vs. Uls. %\m";\rl-lz ~ % Mor, UUF';,
\17;\,_ i m‘JFy
— ..
ur, LARY :



Gases

Graham's Law Topic#ll

Diffusion - the movement of a gas through another gas (or a liquid/solid through a liquid/solid).
Effusion - the movement of gaseous particles through a small hole.

Graham's Law of Effusion
e the rate a gas moves (effusion) through a small hole is inversely proportional to the

square root MM of the gases at constant 7 and P.

Figure 5.6.2 This Figure dem-
onstrates Graham’'s Law.

Rate, Molar Massg |
Ratey  |Molar Mass, ® " Rt

Cn
WOLECULE

Graham's Law of Diffusion

_I{_I = _?n._g . I - RATE
Va m;, I

Where v is velocity of molecules and
m is mol ecular mass of the molecules. LARGE MOLECULE
http://www.cat.cc.md.us




Gases

Graham's Law Topic#11
Partition
&6 [o22 Diffusion e
°
» DIFPUSION %" — e, [%°,] * | » srrusion
L] o
OF GASES
FROM HIGH Partition FROM HIGH
CONCENTRATI ‘Pos 4 ° RESSURE 10
OoN TO0 LOW ‘. Effusion = x o’ LOoW
CONCENTRATI [ ° ° g e
on |+ IN gl I'1 “|e s PrESsuRE
L 2 ° AL e
o 9 L] ._. = .. ..
o Gasl '. Gas..z - " Vacuum
LA © 4 .0 (4 ':. : .: F
o -."' : ° q"' L - e -
« ‘ool - LNl
© . ..'. '. ° e Pinhole
- N .. ..: . -
o Q © o.‘ .‘ .‘ ° : .




Gases

' Topic#11
Graham's Law P Rate,  [Molar Massg
Rategy | Molar Mass,

Graham's Law Practice Problems

4 o
6. Compare the rates of effusion of hydrogen and oxygen. (Ans: 3.98)
Lo N Tk,
Gas, U, (2.02)
sa Wy ( mjs tate, ) Mf’\b i} 32 .00 :'3‘]8 1’
Ga Sb 01 (32.00) e - —_— 5 52 5
mfs rakey NN,
—>
|Osec

—_—

Dwm 10 o » ?%_M T ).5]sec
Pazh '
Oy Om ¢ 15 = |[Osec
I m



Gases
Topic#ll

Rate,  [Molar Massg

Rategy | Molar Mass,

Graham's Law

7. A sample of hydrogen effuses through a porous container 9.0 times faster than an unknown
(Ans: 160g/mol)

gas. Estimate the molar mass of the unknown gas.
Gun NT
Gas, M, (2.02) roaka [ MMa

Gasg T (7)) e N Ma

] A

7.02 (ﬂ)z Mg

l



Gases

' Topic#11
Graham's Law P Rate,  [Molar Massg
Ratep |Molar Mass,

8. (OYO) Compare the rate of effusion of carbon dioxide with that of hydrogen chloride at the same
temperature and pressure. (Ans: CO, 0.9 times as fast as HCI)



Gases

' Topic#11
Graham's Law P Rate,  [Molar Massg
Rategy | Molar Mass,

9. If a molecule of neon gas travels at an average of 400.m/s at a given 7, estimate the average

speed of a molecule of butane gas, C4H, at the same 7. (Ans: 235 m/s)
6 un TE
J8
GA!.A N'C- (30 ] ) rﬁ"'eg - rf\y\&
Gasy C4H ) (58 14) ruke g AMa
So \ve -

L/oOmlS’ 5814 5 ] 70
robe g n0,1%

[
™ " o -



Gases

Graham's Law Topieii Rate, Molar Massg
Ratep = |Molar Mass,
Assignment:
Topic#11 Gases

WS#5: Ideal Gas Law, Density, anc
Graham's Law



Gases

' Topic#11
Graham's Law P Rate,  [Molar Massg
Ratep |Molar Mass,

Questions Regarding WS#5 on Ideal Gas Law, Density, and Graham's Law’



Gases

Gas Stoichiometry Topic#1l
S le WS#S - Gas Stoichi
1. Propane, C3Hsg, 1s a gas that is sometimes used as a fuel for cooking and heating. The complete
combustion occurs according to the following reaction:
CHg + §0, -=> 3CO+ 4HO0
a. What 1s the volume, i liters, of oxygen required for the complete combustion of

O.SEL of propane? . (Ans: 1.75L Oy)
ML C; ”% epnatron

Assume STP Salve: OABSdL%ﬂ-S 50, - m

W = 50 I G#3

N, ‘;\1

b. What will be the volume of carbon dioxide produced in the reaction? (Ans: 1.05L CO»)

Salve: 0.350L C 3C0, - @




Gases

Gas Stoichiometry &% gs) o gb) &y Togig#ll

2. Tungsten, W, a metal used m light-bulb filaments, 1s produced industrially by the reaction
of tungsten (VI) oxide with hydrogen. WOs(s) + Hx(g) — W(s) + H>O(/) (unbalanced)

a. How many liters of hydrogen gas at 35°C and 0.980atm are needed to react completely with
875g of tungsten (VI) oxide? (Ans: E92L Hy)
G

"'3”2_ — k) * 3“2
V= 2 Hf\=231.955
n= —?H,_ Solve: e
R 0.082) §755M0, | tmel [3He 122 moles Hy
T= 273+35:308kK l2~3’-g59 | |““°3 y
Vv=nRT +o Calculaie :

m(s)‘?765w°3 Vse P o Calcula Ha

V-_V'IRT

(132)(0-0 311X 36%) a2 L}
S N



Gases

Gas Stoichiometry Topic#1l

b. How many grams of tungsten can be produced with 349mL of hydrogen gas at 35°C and
0.980atm of pressure? (Ans: 0.829g W)

Gun 'AD;I_L‘ masS Ejnk

- ‘ w- 5
12 & o.ﬂsz?g:r:qL Wo, + 3hy, —> W+ 3H0
\V = 2H49mL:0. 349 mL 79 (MV\W=133-85-%4,|)
N T Selve: . . PV . (0.939)(0.3415) (5 5353
R:0. 6%21 2 RT 70-032"{ 503) moles Hy

T= 273435:30%
gsoe\urc‘ ‘}-‘3:0 . cosymeit, | W | 1985 21 O. ‘Z?."I':‘
o = \ 3”)_ \ mad\ W




Gases

Gas Stoichiometry Topic#1l

3. (OYO) Assume that 13.5 grams of solid aluminum react with HCliag) according to the
following equation at STP: 2Al(s) + 6HCl(ag) — 2AICk(ag) + 3Hx(g2)
a. How many moles of Al react? (0.5 moles)
b. How many moles of H; are produced? (0.75 moles)
¢. How many liters of H; are produced? (16.8L)




Gases

Gas Stoichiometry Topic#1l

4. (0OYO) If 45.0L of natural gas, CH,, undergoes complete combustion at 730mmHg and 20.0°C,
how many grams of each product are formed?

CHi(g) + Ox(g) — COx(g)+ H:0(g) (Ans: 79.1g CO; and 64.8g H,0)



