. Unit 11: Gases

Name:

KEY

Learning Target

I CAN explain the Kinetic Molecular Theory and how it predicts ideal gas behavior

2. I CAN convert between different temperatures (C and K) and pressures (mmHg, torr, atm, psi, and kPa)

3. I CAN describe conditions at absolute zero

4. TCAN define pressure and describe what causes it on a molecular level

5. I CAN calculate a total pressure of a gas mixture.

6. I CAN recall the conditions that result in STP

7. I CAN describe the relationships between volume, pressure, and temperature with a constant number of moles.

8. ICAN use the Ideal Gas Law (PV=nRT) to solve for an unknown variable.

9. ICAN apply the Combined Gas Law to describe how cflanges in variables affect the pressure, volume, temperature,
and moles of a gas.

Chemistry Important Dates!

®

30

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
May 8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 23- ' 24 25‘ 26 27 128
29 31 June 1 2 - 3 4




Notes on Kinetic Molecular Theory (KMT)

Include drawin
to write all Ideal G

gs of each state of matter. Make sure
as assumptions and examples.

Practice of Kinetic Molecular Theory—Complete the following chart:
State of Matter Solid Liquid Gas \
Energy
low KE medium KE hign KE
Particle Movement ] .
Vibrahons SlippPing fosy, ermahc
Particle Spacing .
closely packed medium spacing | for apart
Eolume .
S defined defined undefrned
hape .
L defined undefined undefined




What the Standard Temperature and
Pressure are for gases? What is Absolute
Zero? How do you convert from Celsius to

Kelvin?

Notes on Standard Temperature and Conversions

©

Practice with Temperature Calculations:

1. A person with hygothennia has a body temperature of 297 K. What is the body temperature in °C?
k= ° +113 |
29T7K= 2713 = %
°c = 4% o
2. A person with hypotherfnia has a body tem t -‘
i y temperature of 29.1.°C. What is the body t i :
K = Cc 213 : body temperature in K?
K= 24.1°c +273
K= 302. K

3. Standard Temperature and Pressure: 9—15 - K and ] tm
) . L i . " 2 2 , a

4. All temperatures in gas-related problems must be in units of K€) vin

5. Absolute zero i i i
s Q’ Kelvin. Describe the behavior of molecules at this temperature:

In Hheory, moiecules no At
/s onqer :
Even Soiids Stop vibrahing .‘3 nove




: i 9
Notes on Pressure and Conversions What is the definition of pressure: Il.lclflde all
0 units of pressure (names and abbreviations)

and equivalences. ‘

Practice with Pressure and Conversions. Show all work for the conversions!

1. What causes gases to have pressure? e . ; , - e
The aas motecyles colliding with He sides of the Container
exeriS o force over a given aréa. This force is pressure!

2. 120torr=_1120 mmHg 1199 yorr x TW0mmHg -

120 mmHq
Jub torr | -
.oa3am=_HYO ka3 a4m « 10.325KPA = K40 KPA
I atm |
4. 25am=_190 m l
sam=_1400 _nmmhg o afm x TW0 mmHq = 1900 MMHg
. | | atm

Dalton’s Lav_v of Partial Pressures states that the total pressure of a gas mixture is the sum of all individual pressures
of the gases in the mixture, if they are in equal parts. Py = Pgasa + Pgasp + Pgasc +

........

What is the total pressure (in atm) of . k . :
Nitrogen gas at 3.2 atm? ( ) of a container that contains Helium gas at 750 torr, Oxygen gas at 120 mmHg, and

Ptotar = Pye + Poz + Px, N

Protar = (150 orr x 1odm )+(

Q
Twotorr) * (20T x'u;ijrinQﬁ'g ) + 3.2atm

Potar = HHaim



Notes on Ideal Gas Law

Ideal Gas Law Practice. SHOW ALL WORK.

7‘- 1. How many moles of oxygen will occupy a volume of 2.5 liters at 1.2 atm and 25'{3?
2'P= l.2atm. - PV n= (12aim x 2.5 L) In=0.12mol
- V=95L RT L-otm )
n (0.0321 -3  293K)
T= 95°% e |
2. What volume will 2.0 moles of nitrogen occupy at 720 torr and 20. °C? . d
- i L-aim
Pz 00T ya an;'\' v= (2.0mol x 0.0321 =2 x 2q3K) ‘V‘-‘ 51 L!
n= 2.0mol \ : (1'20 torr x _latm '
T= 20°% ' Two Yo
3. What pressure will be exerted by 25 g of CO; at_25°C and a volume of 500.0 mL?
P - NRT =[25 (02 x Jmol €0, L-aim
xr:25500 a:)mL I ——\-,—- | P ( 9 1414.0(9(02 "O.OSZI"W‘K X ZQSK]
e qu,c 2 - 0.5000 L -
4. Find the number of grams of CO; that exert a pressure of 785 torr at a volume of 32.5 L and a temperatuim
a = PV nz[ (TR ddin gy g g :l n= 1.3moICo
p= 18540 RT . =— - &
V'=32.5L 089 L-atm o
.n (0.0 2= % 805 K )
WT =32
I.3mol CO, x LH'OLQCOL =| 579 CO;‘

fmol Cog



Ideal Gas Law Practice

1. At what temperature will 5.00 g of Clz exert a pressure of 900. Torr at a volume of 750. mL? ‘
T=_PV T= I_'(qoo torr x ___._\G*m)x 0.150L ] \T = 153 K
nR
5.004qCl imo! Clz
[6-009 “1"—'_'301) x0.082) =2 F]
2. How many moles of nitrogen gas will occupmlume of 347 mL at 6680 torr and 27 °C?
w30torr x __laim
n-= fl:T n= L— 'umforr)" 0.3%T1L]  |n= 0-12ml
. L-atm
(0 0321 o X 300 K)
3. What volume will 454 grams (1 1b) of hydrogen gas occupy at 1.05 atm &:‘md 25 °C?
45UqHy x MOl H2 ) Lot ms&] \
= DRI y=[[H59He x TEega) x 00821 i (V= 5200L
1.05 atm
4. If the density of a gas is 1.2 g/L at 745 torr ar‘ld 20. °C, what is its molar mass?
1451 x _ladm
. PV ns= [( _mom)x L n= 0-0403 mol
RT ; [ -
L-atm Mmolar = 1129 =
g (0'082' mol- K _9_0]31_4) Mass g, orogmol MM 2‘]2:"\
5. What is the den31ty of NH; at 800 Torr and 25 °C? (Hmt Dejnsr@ is measured ing/L)
300.forrx _laim _ )x n= o+3mo\
n=_—--P_\‘/_ - D= [( Tuo torr 'Ld ( 0
N
R ~(0-0821 L “"1 X 2qsl<) 0-0%43 Mol N3 X .,m = 0
Density = 0139/L_
6. An elemental gas has a mass of 10.3 g. If the volume is 58.4 L'and the pressure 1s 158 torr at a temperature of 2.5
"C, what is the gas?
g 3o, L 04 ~ 2.53m0
N PV [ T x 5g4L| N 2.53mol
| RT
(G 0321 ._—Gﬂﬂ— X 215 SK)

molar = 1039 pam= .00 Yol \.\{é\iunrr\i



The Tanker Scenario

BEFORE

AFTER

Combined Gas Law Practice. Complete the following table. Show all of your work!

P Vi n; T P2 V, nz T2
Hﬁgﬁg_ 0.84 L|| 22mol | 22°C msz_lg - 1.8L | 64mol | 25%
@ 1.2 o¢m|| 750mL | 1.0 mol 0.0°C 2.0 atm 500.mL | 1.0 mol 23 0
€ 1.5 at 30L | 1.0mol | 20°C | 25am [T a1 n
- e o L‘-q’— \| 1.0mot| 3%°C
0] PVi - MRT -y = PaVz Ny BT V,2 6a+m % 1.3L x 2.2mol x 295K )
Pa¥2 Ny Rz T2 P02B2Tz (0339 wmx bMmol x 275.5K)
pvi = MRT p o= PV BT p,= (2.0atm x 0.500L x 273 k)
@ PLV2 N2 R T2 (05L x 248 k)

@ PlVI - n| RlTl)_

PaV2 NaR2 T2

Vi MMTZ

Vz'"-' AN v, = (150mx 3.0L % 343Kk)
(2.504m x 293K)

PoRAT




tant temperature
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unt of mo 00. Tort
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with a constant amo
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Pressure and Volume Relationship

1. A sample of oxygen gas occupies a volume of 250. mL at 740. Torr pressure. Wh

ressure? L
Pivy = plesa/.e)-/l PAVi_ - v, (0.“11"}6!1-0’\ % 0.?.50&) = Va2 Vy = 0_9_52_‘]
PaVa gz%ﬁ P2 oS arm

ssary to decrease the pressure

2. A 2.0 Liter container of nitrogen had a pressure of 3.2 atm. What volume would be nece

to 1.0 atm?
3. x 2.0L
PV Ly, (B2admx20b) L o oML
Py |.00+m 2 ]

3. A sample of hydrogen at 1.5 atm had its pressure decreased to 0.50 atm producing a new volume of 750 mL. What
was its original volume?
V, = P V2 (0.5004m x 015 L) =V, \Vi= 0.25 L\

P\ 1.5atm

* Assume all scenarios are at a constant

Temperature and Volume Relationship
pressure with a constant amount of moles.

4. A sample of nitrogen occupies a volume of 250 mL at 25 °C. What volume will it occupy at 95°C?

AT A Al Voz ViTe  (0.95L x HL8K) ——
PAV2 ry;&‘l’z 2 ™ - 298 K =Vg |Vo 0.’:5‘11.} ‘

Oxygen gas is at a temperature of 40. “C when it occupies a volume of 2.3 liters. To what temperature should it be

2i
raised to occupy a volume of 6.5 L?

T,= Yl (wsLx313K). 7, [T,= seox]
i 2.3L o -

vor Wz (0.025L x Wboak) _y, | V2= 0.050L
T 300.x |

Chlorine gas occupies a volume of 25 mL at 300. K. What volume will it occupy at 600. K?

In order to decrease the pressure, 400.0 L of gas at 35 atm is moved to a new container. What is the volume of the
new container if the pressure becomes 905 mmHg? ~

v, = MRy Povi - (satmx 400-0L) -y, \V2 = 12,000L

7.

—_———

Y. DA T 72 1.\qatm

8. A scientist collects 400.0 mL of gas at 20.0 °C and latm. What is the volume of the gas at STP? How many moles of g,
gas are in the container at STP? (remember: 1 mole=22.4L at STP) ‘ ?

PV = ORRT, Vo= PV T, (1 atm » 0.4000L » 21‘5\9_ YV’F 0.31L
PaVq WQ_Tq_ T\ Pe (?_qg}g % \a’rm)

0.31L % Amol Ty = 0 .o\'lmo\J
79 4L




Gases Practice Test

1. Convert 3.6 x 102 atm to torr.

.. A balloon has a volume of 1.20 L at 24.0°C. The balloon is heated to 48.0°C. Calculate the new volume of the balloon.

3. A sample of helium gas occupies 2.65 L at 1.20 atm. What pressure would this sample of gas exert in a 1.50L container

at the same temperature?

4. A gas has a volume of 5.0 L at a certain pressure. How must the pressure be changed to double the volume of the gas at

constant temperature?
a. The pressure must be doubled. b. The pressure must be halved. .
¢. The pressure must be quadrupled. d. There is not enough information to decide.

e. none of these

5. A helium balloon has a volume of 2.30 L at 23.5°C and a pressure of 1.00 atm at sea level. The balloon is released and
floats upward. At a certain height the atmospheric pressure is 0.810 atm and the temperature is 12.0°C. Calculate the

volume of the balloon. _
a.2.73L b.2.84L c.145L d.221L e. none of these

6. A 6.5 L sample of nitrogen at 25°C and 1.5 atm is allowed to expand to 13.0 L. The temperature remains constant.

What is the final pressure?
a.0.063 atm  b.0.12 atm c.0.75 atm d.3.0atm  e.0.38 atm

You transfer a sample of a gas at 17°C from a volume of 5.67 L and 1.10 atm to a container at 37°C that has a pressure
f 1.10 atm. What is the new volume of the gas?

8. Gaseous chlorine is held in two separate containers at identical temperature and pressure. The volume of container 1 is
1.30 L, and it contains 6.70 mol of the gas. The volume of container 2 is 2.20 L. How many moles of the gas are in

container 27
a. 11.3 mol b. 19.2 mol ¢.0.427mol d.3.96 mol e. none of these

9. If temperature and pressure are held constant, the volume and number of moles of a gas are
a. independent of each other b. directly proportional
c. inversely proportional d. equal

10. A sample of an ideal gas containing 0.954 mol is collected at 742 torr pressure and 31°C. Calculate the volume.

11. A gas originally occupying 10.1 L at 0.925 atm and 25°C is changed to 12.2 L at 625 torr. What is the new
temperature?

12. Which of the following statements is true of 19.0 g of Fag) at STP?
a. It contains 6.02 x 10 molecules.
b. It contains the same number of molecules as 1/2 mol of Oy at STP.
c. It occupies a volume of 22.4 L. '
) d. It only exists in the form of ions.
4 e. none of the above



13. A 4.37-g sample of a certain diatomic gas occupies a volume of 3.00 L at 1.00 atm and a

temperature of 45°C. Identify this gas.

a. Fa b. N2 c. Ha d. 02 e. Clz

14. A 25.0-L sample of gas at STP is heated to 55°C at 605 torr. What is the new volume?

15. What volume will 28.0 g of Nz occupy at STP?

a.5.60L b 11.2 L. c.224L d.448L e. none of these

16. A vessel with an internal volume of 10.0 L contains 2.80 g of nitrogen gas, 0.403 g of hydrogen gas, and 79.9 g of

argon gas. At 25°C, what is the pressure (in atm) inside the vessel?
a.0471 atm  b. 6.43 atm c.3.20 atm d. 5.62 atm e. 2.38 atm

17. What would happen to the average kinetic energy of the molecules of a gas sample if the temperature of the sample

increased from 20°C to 40°C?
a. It would double.
b. It would increase.
c. It would decrease.
d. It would become half its value.
e. Two of these

Answers:
1) 270,000 torr
2)1.3L
3)2.12atm
4)b

5)a

6)c

7)6.06 L
8)a

9b
10)24.4L
11)319.9K
12)b

13)a

14)38 L
15)¢

16)d

17)b



