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Objectives:

Physical Characteristics of Gases

Use the kinetic molecular theory (KMT) to explain how certain physical properties of ideal gases
differ from real gases

Describe the conditions under which real gases deviate from "ideal” behavior

Explain the five postulates of the kinetic molecular theory.

Define pressure and standard pressure in terms of force and explain how pressure is measured
Use the gas laws to express simple mathematical relationships between the pressure,
temperature, volume and quantity of gases

Relate KMT to the individual gas laws

Molecular Composition of Gases

Develop a relationship between the volume, mass, and number of particles of a gas

Perform calculations using the ideal gas law, specifically being able to solve for pressure,
volume, temperature, or number of moles

Perform stoichiometric calculations using the relationship between volume and moles both at
STP and non STP conditions

Demonstrate the relationship between the mass of gas particles and their rate of effusion

Vocabulary:
+ Kinetic molecular o Kelvin {K) e Kinetic energy
theory e Pascal (Pa) s  Avogadro’s Law
e (3as pressure e Dalton’s law of e Boyle's Law
e (Gas temperature partial pressures ¢ Charles’ Law
o Ideal gas s Effusion ¢ Gay-lLussac’s Law
* |deal gas constant (R} ¢ Diffusion ¢ rate
¢ Standard e Graham's law
temperature and ¢ Millimeter of
pressure (STP) mercury/Torr

atmosphere (atm) {mmHg)




Properties of Gases
To understand why a gas behaves as it does, we need to be able to picture what happens to gas particles
as conditions (like temperature and pressure) change.

The Kinetic Molecular Theory (the theory of moving molecules) provides this picture. It is summarized
below.

1.  Gases consist of large numbers of molecules that are in constant, random motion.

2. The individual molecules of a gas essentially have zero volume compared to the total
volume of the gas.

3.  Attractive and repulsive forces between gases are negligible.
4, The particles move in straight lines.

S. The average energy of the particles is directly proportional to absolute temperature
{Kelvin). At any given temperature all gases have the same kinetic energy.

If 3 gas behave in accordance with the above S postulates it is referred to as ideal. Real gases deviate
from which of the postulates? " " . .o
fom postulade #2: Individual gas molccules of & veal “gas have o significant volume
and mass (7. ave lavge woleaules;, e aas has o large molar
MASS) s hepulsieifin
#3: ofF o 1! l e S' n;ﬁmmf Fal cCNue VC,P‘.J S \Ceg
fem peshlate Wolccules of o Vreal gas Wave sig ! (ht'a, PR B oo

Scientists use the “Gas Laws” to describe what will happen to gases under certain circumstances. veachais

dend o ke polar)

There are several gas laws that we will discuss, but they are all derived from the same basic gas
equation:

PV = nRT

As you can see, this equation has many variables. Each one will have a different affect on how a gas
behaves.

The Variables:
1. Temperature (T)
a. Defined as the average kinetic energy that the particles of the gas possess.
b. The number used to represent temperature depends on the scale being used. There
are 3 scales:
i. Fahrenheit, Celsius, and Kelvin.
1. Kelvin is considered the absclute temperature scale because 0 K is
called absolute 0 and is theoretically the lowest possible temperature
and at this temperature the kinetic energy is zero.



c.  Most thermometers we use record Celsius and/or Fahrenheit. Very few
thermometers record Kelvin. To determine Kelvin we must do a conversion.

i. To convert temperature into Kelvin, you i
must start with a temperature in Celsius! L 9 l

|
| NTF

1C =t 3T3I0R

Use: Tk=Tc+ 273

1T Wre %R

Example: 100°C=_3_‘_:|'_2’__K 1] .

ii. All temperature in gas law problems must
be in Kelvin} ’

2. Pressure (P)
a. Defined as the force exerted on an object divided by the area over which the force is
exerted.

i. Exerting more force increases the pressure

DIESstie= rorce li. Exerting a force over a smaller area increases the pressure.
FEes iii. We use air under pressure {compressed air) for many everyday uses like filling
our car tires with air and to fill SCUBA diving tanks.
iv. Pressure is the result of billions of gas particles moving and colliding against the
container in which the gas is found.
b.  Units of Pressure — There are many units used to measure pressure.
The Sl unit for pressure is
atm mm Hg torr psi kPa Pa
pounds per kilopascal
Atmospheres square inch Pascals
| 1 | 760 | 760 | 14.7 | 101325 | 1.01325x10° |

c. Standard Temperature and Pressure — STP
i. This is the temperature and pressure which is universally known all around the
world to be 273K and 101.325 kPa
ii. Sometimes STP uses the pressure unit “atmosphere” instead, in which case STP
is 273K and 1 atm.
d. List three ways you can increase the pressure
i. Decrease volume : compress the gas
i. lnryeose :||§ T e, - Fieat Hhe a0s
i, Ingpace the # of moles: add aas tv the container




3. Volume {V)
a. Defined as the amount of space the gas takes up.
b.  Units of Volume - There are many units used to measure volume.
The Sl unit for volume

- 1dm? = 1 liter as well as:
cm?

P quarts

Liter

1 1000 1,057

¢. Remember that gas is the one phase of matter that does not have a definite volume.
The gas laws we will be discussing will describe how/when the volume of a gas
changes.

4, Moles {n)
a. The term mole is used to describe a certain number of gas particles.
b. Remember that 1 mole = 6.02 x 10% particles
¢. Avogadro discovered that 1 mole of any gas (provided it is at 1 atm of pressure and
273K) has exactly 6.02 x 102 particles and 22.4 L =1 mol.
d. Inchemistry, this is useful because you can relate the number of particles in 1 mole of
any gas to its atomic mass. For example:

1 mole oxygen = 6.02 x 10% particles = 32 grams= 22.4 Liters at STP

The Volume-Amount of Gas Relationship: Avogadro’s Law

e As the amount of gas increases in an elastic container, the volume will increase (pressure and
temperature held constant. B

» As the amount of gas decreases in an elastic container, the volume will decrease (pressure and
temperature held constant. T ) )

¢ Why does this happen? Add lhg wmore gas moleanles will reawre more volumes
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Sample Problem:

1. 5.00 L of a gas is known to contain 0.965 mo!. If the amount of gas is increased to 1.80 mol what
new volume will result (at an unchanged temperature and pressure)?
Ving =Vamy
5.00 L(1.80 mol) = Vz{0.965 mol)
V2=9331L

2. 13.1 mol of a gas is in a 4.37 L container at constant pressure. The volume of the container
decreases to 2.72 L how many moles of remain? i, = v

42531 ( ne D) = 232L (1310 mol) 4

Ny, = B.i5 mol remains (\n otncr wovds , A3 mel
of gas escapea\)



The Pressure — Volume Relationship: Boyle’s Law
e The first person to investigate the relationship between the pressure of a gas and its volume
was the British chemist Robert Boyle {1627 — 1691).
e Asthe pressure of a gas increases, its volume decreases and as the pressure of a gas decreases,
the volume increases (temperature held constant).

o Asthe volume of a gas increases, its pressure decreases and as the volume of a gas decreases,

its pressure increases (temperature held constant}. .
o Why does this happen? AS volunme 71, 4 SPace betwean gos mo lccules wnerease
Thore dre now less chavees fiv collision of e parhicles agmﬁsﬂ'%wa\ls.

(and.

Boyle's Law

RV, = Pz\/z

note: V and P units must be
onsictent . 1€ differant P and \V/
units are wded v a prololem
vou ll have b convert.

t
|
L%

Q
-
=
0
0
©
=
Q_I...

Sample Problem:

1. The gas in a balloon has a volume of 4L when it is at 100kPa of pressure. The balloon is released
into the atmasphere, where it expands to a volume of 8L. What is the new pressure on the

balloon?
Pr Vi =P V; 100kPa {4L) = P; P; =50 kPa
(100 kPa}(4 L) = (P2} (8 L) 8L

2. Consider a 1.53 L sample of a gaseous SO; at a pressure of 5.6 x 10° Pa. if the pressure is
changed to 1.5 x 10° Pa at constant temperature, what will be the new volume of gas? Vz =7

P\V.= P2V2 4
(5.Lx10% P13 L) = (1.5%X107 PaIV,
O0.p% L = Vo (in other wavds... the gas volunw

The Temperature — Volume Relationship : Charles’ Law ~ dACCréases sine Hhe “pressure T

e Jacques Charles (1746-1823) was the scientist who developed the scientific law that relates
temperature of a gas to its volume.

s As the temperature of a gas increases, its volume increases and as the temperature of a gas
decreases, its volume decreases (pressure is held constant).

o As the volume of a gas increases, its temperature increases and as the volume of a gas
decreases, its temperature decreases (pressure is held constant).
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Sample Problem: mp!-muui, | Tempmatro )

oK Boig Pon of Water
ATk

1. Gasin a balloon occupies 2.5 L at 300K. At what temperature will the balloon expand to 7.5 L?

n_v, _hT

I, T, ' ¥

7, - 7.5:300 T, 900K
2.5

2 363 K
2. Agas with a volume of 600. mL has a temperature of 30°C. At constant pressure the gas is

heated until the gas expands to 1,200 mL. What is the new temperature of the gas if the .
pressure remains constant? =2 ITF T, v °C Hhane

Vi _ Vo . eoo.mL _ {200mL EXPVESS T v °C as wel)
00.mL (T2) = (1200mLUX202K) i vo lume
. ) T = 6 10 1< — Asubles —
The Temp. — Pressure Relationship: Gay-Lussac’s Law Z so docs Hae

(2 sig0as) Ko tempoalure
Joseph Gay-Lussac explored the relationship between the temperature of a gas and its pressure.

As the pressure of a gas increases, its temperature increases and as the pressure of a gas
decreases, its temperature decreases (volume held constant).

e As the temperature of a gas increases, its pressure increases and as the temperature of a gas
decreases, its pressure decreases (volume held constant).
Why does this happen? Wen T T, avg, - Prosmas (72}
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Boyle’s
Law

Baylc >
Law

Charles’
Law)

Sample Problem:

1. The pressure of a gas in a tank is 4.20 atm at 44°C. If the temperature rises to 67°C, what will be
the gas pressure in the tank?

A_B o _A%L
T, oo
_4.20atm (340 K)
317
P, =4.50arm
A A% K Tp=?
2. Ten liters of a gas is found to exert 97.0 kPa at 25.0°C. What would be the required temperature
{in Celsius) to change the pressure to standard pressure? 3 101,225 kP = Pa
_P_L = P_.Z‘__._
T Tz
AroKPa - |QLEZZDEPa cross mulhply
298 - T2
q3.0efa(Ty) = (|o|‘%25 k.Pa)2a 8 KD
Combined Gas Law T = 21 Ky et so Tz = 38.0°C
There are times when temperature, volume, and
pressure are all afifected when the conditio'ns ofa ga:s Combined Gas Law
change. In these instances, we must com.blne Boy@ s PV, P, V.
Law, Charles’ Law, and Gay-Lussac’s Law into what is —_ e
known as the Combined Gas Law. Knowing the T T
combined gas laws gives the individual gas laws by .
holding one of the variables constant. > et o \77 Vo aud T @Ll
Chanqu

Sample Problem: {, *
1. What pressure will be needed to reduce the volume of 77.4 L of helium at 98.0 kPa to a volume

of 60.0 L? PV = PaVs lexpect Py o be
(a2.0kPOCFTHLY = Py, (60.0L) higher Hthan £,

12 xPa. = V¥,

2. At 250.0 mL sample of chlorine gas is collected when the barometric pressure is 105.2 kPa. V?_ =7
What is the volume of the sample after the barometer drops to 100.3 kPa?

Pz PaVa (txpect Vo h
(105.2 kPAN2506.0rAL) = (100.3 kPa IVo kot Wigher
givtes Hia
2622 mL = Va, P dwops)
3. Asample of SO; gas has a volume of 1.16 L at a temperature of 23°C. At what temperature will
the gas have a volume of 1.25 L? q2=7 =2 290 K.
Vi - Vo ( ITF He
—_ f— 9gas volume
P T2 1, T shadel
bl _ LasL T o),
BAb ¥ Ta
bl (T2) = (1.29L)29kK)
—r— 2VA Y - anadead - - = -4‘110{’;
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4. The Ballopn.isTeleasgd from.a3000] untaintep where the presgure s 617 kPal WHat & the
Liolime bf th?%allo% mih'enaizif re[:g/nx?/n 7 . .

A7 309K AV2 ?
5. Aballoon is inflated with 6.22 L of helium at a temperature of 36°C. What is the volume of the
balloon when the temperature is 22°C? ~7 295 K ( T
Vi = Vz e V
n Tz Showdd U
221 _ V2 209K (V)= b.22L (295 K) o)
309 K 245K Vo= 59441,

6. Helium gas in a 2.00 L cylinder is under 1.12 atm pressure. At 36.5°C, that same gas sample has
a pressure of 2.56 atm. What was the initial temperature of the gas in the cylinder? T1=7

= P
T Tz .
LiZatm _ 25batm . 256atm (Tiy = (1124 X305 K.
I 3025 K Ti=135 K 50 o, Ty =139
7. ifa gas sample has a pressure of 30.7 kPa at 0.00°C, by how much does the temperature have to
decrease to lower the pressure to 28.4 kPa? 2 M7 b'lm
Py _ Pa subhact T
T T2 )
203 kPa. _ 28:4KkPa_ . 30FkPa(Te) = (28HAXNZARK
QLFBK T2 Taz= 53K, o T must
. . o decveads by
8. Asample of ammonia gas occupies a volume of 1.58 L at 22°C and a pressure of 0.983 atm. 20 K
What volume will the sample occupy at 1.00 atm and 0°C? V2=7
P} Vl = PZ Vz.
Th T2 : . —
. : 5 K)(1.00 ahnlVz, =(09830)1S81Z
b.AB3 aha)S8 L) _ (100atmIVa iy T
- = b/ Vo= .44 1L

24% K DK
9. Astudent collects 285 mL of O; gas at a temperature of 15°C and a pressure of 99.3 kPa. The
next day, the same sample occupies 292 mL at a temperature of 11°C. What is the new
pressure of the gas? P27
PV, - PoVa . (42.3KPAN(28%L) - P (272mL)
— T 5 263 I B4
(229K )(P)2AZmL) = (A5 kFa 285 ML 284
P2 = A5.5 kPa
10. You have a 2.40 L container of air at STP. From out of nowhere, Bigfoot stomps on it, decreasing <7
the container's volume down to 0.500 L and increasing the pressure to 8.00 atmospheres. What  — | |y,

is the temperature of the air in the container? T2 7 avigl
‘P_\_}‘__L. = FZV?—. Qa°C
T T
(232 K) T2 Ta= 455K = 182°C
11.A 12.0 L sample of NO; gas is at STP. What would be its new volt{?le;f its pressure was
decreased to 575 mmHg and its temperature was doubled? Z: §;‘;P
PV = PaVe = Jeorn s
ay o ’
(Foo mmittg X12.0L) - (5F5mmin WV
(237K Bk 8

(760 Mty Y12 .0L (B4 K) = (2F2 KBTS MM\,
2. F 1. =Va
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Law

Vz & ?
12.A sample of CI2 gas occupies a volume of 11.4 L at 3.50 atmospheres. When the Ci2 is changed

to STP conditions, what will be its volume?  Ti not gwen o yowcan asswne T
.Pl\/l = pz_\fz_ 'S crvrtdavtt

(»B0atm INAL) = (ladtm)V,

334 L =Va
13.You fill your car's tires to 35 psi when they were cold {12°C). After driving for 3 hours, your car's
tires warm up to 38°C. What would be the pressure inside your tires now, inpsi? P, =7

b= B
ar T2

i = Pa . 295 € (P)= wps (31K)
285 k- L P. = 38.] ps

14.You're at the zoo and have a big red 1.80 L helium ballcon. The barometric pressure today is 785
mmHg. Then you hear the roar of a lion. Startled, you accidentally release the balloon. It flies
away. By the time it reaches the clouds, the atmospheric pressure that high is only 0.300
atmospheres. What would be the volume of the balloon up there? 5 0 200 ot | 70 Mmmity

V= PV V2=" I Uahn
(s mmtig Y(1L.BO LY = (282 mmhy WWa, =288 mmHg
(288 mmty)

15. A container of oxygen gas is at STP. If this sample is put into an oven at 280°C, what would its
pressure be, in atmospheres? Pr=7

P P

my =

Looahm - Pz . 233K (P2) = (1.00atw)(F53K)
71343 K sk, Pr= D am

Ideal Gas Law PV =nRT
Volume, pressure, temperature, and amount of gas can be compared by using a conversion factor
known as the ideal gas constant (R). While the term constant implies not changing, the value of the gas
constant is dependent on the unit used to measure the pressure.

Gas Constant Values
If the Units of pressure is: The Numerical Value of R Is {with units}:

atm 0.0821 L-atm/mole-K
kPa 8.314 L-kPa/mole-K
mmHg (Torr) 62.4 L-Torr/mole-K

PV = nRT R=PV To solve in units latm({22.4L) =0.0821 atm.L
nT of pressure: atm 1 mol({273K) mol.K

*THE CONSTANT (R) THAT IS USED IS BASED ON THE UNITS OF PRESSURE



1. If1 have 4 moles of a gas at a pressure of 5.6 atm and a volume of 12 liters, what is the
temperature?

2. If1 have an unknown quantity of gas at a pressure of 120 kPa, a volume of 31 liters, and a
temperature of 87 °C, how many moles of gas do | have?

3. Ifl contain 3 moles of gas in a container with a volume of 60 liters and at a temperature of 400
K, what is the pressure in mmHg inside the container?

4. 1f) have 7.7 moles of gas at a pressure of 0.09 atm and at a temperature of 56 °C, what is the
volume of the container that the gas isin?

The Ideal and Combined Gas Laws PV =nRT or PiVi=P:;V;
Ty T2

Use your knowledge of the ideal and combined gas laws to solve the following problems. If it involves
moles or grams, it must be PV = nRT

1. If four moles of a gas at a pressure of 5.4 atmospheres have a volume of 120 liters, what is the
temperature? A

2. [Iflinitially have a gas with a pressure of 84 kPa and a temperature of 35°C and | heat it an
additional 230 degrees, what will the new pressure be? Assume the volume of the container is
constant.

10



1. If I have 4 moles of a gas at a pressure of 5.6 atm and a volume of 12 liters, what is the
temperature?
furan &Y : T> 204.6 °K
- L0821
(s WU = BL1) T

2. If | have an unknown quantity of gas at a pressure of 120 kPa, a volume of 31 liters, and a
temperature of 87 °C, how many moles of gas do | have?

Pu>n &Y N> 1.2Y pwoleg

(1a0d( 3 N (2.3)u 87 *7733

3. If | contain 3 moles of gas in a container with a valume of 60 liters and at a temperature of 400
K, what is the pressure in mmHg inside the container?

PU> BT Pz 1248 " o
PlLod> ~ (w240 o)

4. If | have 7.7 moles of gas at a pressure of 0.09 atm and at a temperature of 56 °C, what is the
volume of the container that the gas isin?

PU= n RY oLV 1(7.-13(,0.021\\[?1- nvg)
Vi23/0 L
The Ideal and Combined Gas Laws PV =nRT or P,V,;=P,V;
T, T,

Use your knowledge of the ideal and combined gas laws to solve the following problems. If it involves
moles or grams, it must be PV = nRT

1. If four moles of a gas at a pressure of 5.4 atmaspheres have a volume of 120 liters, what is the

temperature?
PV2 o RY
(5‘- Y ,7_,03 - WOHw. N?z% T

T2 123 °K

2. If linitially have a gas with a pressure of 84 kPa and a temperature of 35°C and | heat it an
additional 230 degrees, what will the new pressure be? Assume the volume of the container is

constant. ,\, ¥

E_l + E‘_ __:é_l.'—._. - & ? _;"'
T, T 25 +273 354273 + 3@

10



3. My car has an internal volume of 2600 liters. i the sun heats my car from a temperature of
20°C to a temperature of 55°C, what will the pressure inside my car be? Assume the pressure
was initially 760 mm Hg.

00\ (760 3 (2wP)
AT U W T
T T, 20 +1TY serens

? - FS0.782 wanrn

4. How many moles of gas are in my car in problem #37?
P> o RYT

7_59932 ~ \ua-‘l )

p003 108"
n =2

5. A toy balloon filled with air has an internal pressure of 1.25 atm and a volume of 2.50L. If | take
the balloon ta the bottom of the acean where the pressure is 95 atmospheres, what will the
new volume of the balloon be? How many moles of gas does the balloon hold? (Assume T=

285 K)
r.\)"’; - P'gu 2 Q' 1K-) (—1‘ 5—\ -“'(q S_B LUB

(20 273

U= n RY vV = 0.033 L

= .0¥ XS
(230> §) > (0082 )¢ D rn2 0.13Y

Molar Volume and Reactions of Gases

As you solve the following problems keep in mind Avogadro’s law, which states that equal volumes of all
gases at the same temperature and pressure contain the same number of molecules. From Avogadro’s
law, it follows that all gases have equal molar volumes if they are measured at the same temperature
and pressure. The molar volume is the volume occupied by one mole of a substance. At standard
temperature and pressure {STP—0°C and 1 atm), the molar volume of any gas sample is 22.4 L.

1. What volume would be occupied by 2.0 mol nitrogen, N, gas at 0°Cand 1atm? 24 0. Y
Volume = 4‘-‘ 3 L

2. What volume would be occupied by 88.0 g of gaseous carbon monoxide, CO, at STP?

{Ealere ‘fq Volume = ‘!J'LI'P L
anale (O

Gas Stoichiometry Practice

The amount of gas can be determined from the amount of another substance using stoichiometery. |f
the reaction takes place at STP, the molar volume relationship of 1 mol occupies 22.4 L can be used,
however, if the reaction takes place at conditions other than STP, the ideal gas equation must be used to
solve for the mols of gas.

11



1. Tanks of gaseous propane are used for cooking and heating. When propane {CaHg) burns {using
oxygen from the air}, the products of the reaction are carbon dioxide and water vapor.
a. Write a balanced equation for this reaction.

iy 450, > 30, + g¢H_ 0

b. At constant temperature and pressure, how many liters of oxygen would be needed to
completely combust 0.350 L of propane?  Aggue <10 224 L/'h

OIS w Pap T
R o RN Py

Volume =

/1781 0,

195\ 04

¢. Continuing from 3b, how many liters of water vapor would be produced by the reaction of 0.350 L

of propane?
/Y 0.002Y4 pn 50 “11-“*,2

Volume = -39 LD

2. Hydrogen chloride gas can be produced by a reaction between hydrogen gas and chlorine gas.
a. Write a balanced equation for this reaction.

Hy + Cla > 2uc!

b. At constant temperature and pressure, how many liters of hydrogen are needed to produce
1.75 L of hydrogen chloride? s @ 234 L/

{35 L =) 0.07w i) 2:\
0. 875 L H;O

b"].. O'D 3q e “1 Volume =

c. Continuing from 4b, how many moles of chlorine would be needed to react with 8.65 mol of

hydrogen?
8.\uS moke &, 111

Volume = 163'76 L L'?_

3. The industrial production of ammaonia proceeds according to the following Equation.

N2(g) #H.(g) <PNHs(g)
a. If 20.0 mol of nitrogen is available, what volume ofNHj at STP can be produced?
20 11. s Yy NHS v 4
39L L N l-|-3
b. What volume of H; at STP will be needed to produce 800. L of ammonia, measured at 55°C
2
and 0.2900 atm? PUaan & 3\
0PN 55127
AL oo™ e
H.
¥ 013 3 My

g48 > - 12

yo.t m Ho w224 4P



Limiting Reactant Stoichiometry
Sometimes during a reaction it is necessary to make sure the reaction goes to completion, meaning one

of the reactants is used up completely and the other reactants are left in excess. The reactant that is
used completely is the limiting reactant. Once all of the limiting reactant is used the reaction will stop.

1. If you start with 205 g of aluminum and 75.6 g of HCI, a. how many liters of H; can he produced at
25°C and 1 atm? 265 75.6 ?

2 Al(s) + 6HCI(aq) > 3H, (g) + 2AIC); (ag)
S .
y 27 bx3b 3222 Y B L1 rve e
205 ¥ 2s. 4 ¥
P 2 ey ¥2 24l.77 L My e * 7 X = 23.5L 1__){
b. How many grams of excess reactant are left-over? A
205 - J9. 'S:)
23,51
X o 3T x 2 19.95 g Alused
S3 b7 2 185,05 ¢ A
¢. Suppose you only made 1.98 g of H2. What is your % yield?
2LLH.8L = /.05 mole H‘L .l q v~ oy
1.9% - 9y o
-~ x (00 3 /°
2. Propane hurns according to the following equation.
3 13 E
C;Hzlg) + 5 O:(g) = 3 COx(g) + 4 H,0(g)
224 S5vind 4v32,4

a. What volume of water vapor measured at 250°C and 1.00 atm is produced when 3.0 L of
propane and 13.0 L of O, at STP are burned?

e 13X .
3 X . D xz=/0.9 L
—_—n — X * )2 Ldp It
/ - P 2 2 %9, b
O)- IS m?-l—'ivé_
/_;-’f b. What volume of oxygen at 20.°C and 102.6 kPa is used if 640. L of CO; is produced? The CO; is
_.-’f also measured at 20.°C and 102.6 kPa. - PV . ( (9'403(.“3"--(‘)
0.4 L Hao — (8’.'514)(1.011’!}\

l 7’"‘*% 0-46H mole B2 Ng, = 20-1S
I",I at %T ? 3 . s ("é':n
III V ) a Y LO.qbv\Co. OQAC 7—6'01-273) - iq.‘all
- ¢ , - Ng = Y492
— s ART bq s 25( 8.314) (-:i‘f
vz et j02. 13

Vv = lobb.6F L. 01



3. Silicon tetrafluoride gas can be produced by the action of HF on silica according to the following
equation,

12 R k2
5i0,(s) + 4 HF(g) = SiF4(g) + 2 H,0(l)

(bﬂ-%"m

1.00 L of HF gas under pressure at 3.48 atm and a temperature of 25°C reacts with 12.0 g of SiQ; to
form SiF4. What volume of SiF,, measured at 15°C and 0.940 atm, is produced by this reaction?

Re V. _RT poea)e%Fy: £ R—':,: . (oERUSIIRN 2E 1€ Y
n . O.91 ’
NHE = " e ke = ’
A To © 2sus  SedL SiFy 12y Noy

4. One method used in the eighteenth century to generate hydrogen was to pass steam through red- ;¢ de |
hot steel tubes. The following reaction takes place. —_— 'i;'

.030 [ % *. p'f

6.29 ?
3 FE(S) +4 H;D(g) > FE;Oq(S) + 4 Hz(g)
3r55.8 4 vya2. ¥ (009 1
L".,@\-’ma_ ‘.\, 'F
a. What volume of hydrogen at STP can be produced by the reaction of 6.28 g of iron?
-2-.-3:&' - ._—x X = 30 3 (o L H'l a—
1T, 4 ¥9.0
b. What mass of iron will react with 500. L of steam at 250.°C and 1.00 atm pressure?
Py NN S AL
N, > e 2 (s> = ”(,? voley H-,,’c) = ke
(o.0321) L 250 +273) Y

¥73 28582 4€%> 9 Fe

c. If 285 g offe;0, are formed, what volume of hydrogen, measured at 20.°C and 1.06 atm, is

Poducsd? - AN Y/ 123 Fepp, 4 43 ol T
!

e n__;_\_' _ 4.93) (0.0820) (204233)

l.00 -
5. Itis possible to generate chlorine gas by dripping concentrated HCl solution onto solid
potassium permanganate according to the following equation.

= /11,8 L A0

KMnQa(aq) + 8 HCl {ag) = KCl{aq) + MnCly(aq) + 4 H,0[l) + 5 Cl3(g)

If excess HCl is dripped onto 15.0 g of KMnO,, what volume of Cl, will be produced? The Cl; is

measured at 15°C and 0.959 atm. L;? /5% 31 = 0,095
Ll e + [ \CMnO
Yy — a2 0.475
ARY . LISt} ™l
V< _ lo.usyLo 0821) _____)__; 0L ” S

P 0.959 Cla



Dalton’s Law of Partial Pressure: Daiton stated that the sum of the pressures of individual gases in the
same container is equal to the pressure of the container. Py,=P1+P,+P;...

Effusion, Diffusion, and Graham’s Law
Gases are a fluid substance in constant random motion. It is possible to measure the velocity of a gas
based on its kinetic energy. Before beginning let's review a few concepts. _

e  What exactly is temperature a measurement of? A_m%.a. |\

e Why is it important to include the word "average" in your answer? Eaclh  v» olecde i nénm‘e

W\-Ohan

e  What two factors does an object's kinetic energy depend on? yng Js,  and _U¢€ locﬂ-"

2
e What specifically is the equation for kinetic energy? _ WE = Ya wy

¢  Which would increase the kinetic energy of an object more: doubling the object's mass or

: 2
doubling the objects velocity? _velod) . Explain: \/;L.n\f

e Define diffusion rods  af gas S X nY

e Define effusion " te 24tage e pin lowle
State Graham's Law as an equation for two gases (A and B) at the same temp:
U m—r——
Y ol
V‘b - T“&

Based on Graham's Law the velocity of a gas varies inversely with its mass in kilograms.
Consider two gases, He and 02, at the same temperature... He = 4 O.‘ - N
¢  Which particles would have greater average kinetic energy? He ad cawe A Lrnp.
e  Which particles are heavier? {33
¢  Which particles would have greater velocity? He
¢ Which gas would diffuse across the room faster? Re
Two gas samples, one H2 and one CO2, are such that their particles have the same velocity...

'“c“b ”m "\L
* Which gas molecules have the greater average kinetic energy? CQ.L > L-Lt_

o  Which gas is at the higher temperature? €0, Explain: _Yy v = Yk T

For the following questions, use the Graham's Law equation. Show all work.
s Ata certain temperature, O, molecules move with an average velocity of 345 mph. At that
same temperature, what would be the average velocity of a} He atoms? b) CO, molecules?

Moy . lf"_ua = 4y
e Y

%
Ans: a) 976 b)_26Y¢
e At a certain temperature, CH, molecules move with an average velocity of 187 m/sec. At that
same temp, gas X particles have an average velocity of 141 m/sec. a) Is gas X heavier or lighter
than CH4? b) What is the molecular weight of gas X? ¢) What is a possible identity of gas X?

Cie
F_ﬂ_‘f i /
J-’L:f: TE} Ans: a) havisc b) 2%/t c) Na

v = A%
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