Announcements

--Exam 2 August 26 6:00-7:30PM
Same Rooms

40 MC/2 long question format: 1.5 hrs

Last part of Chapter 3 (dilution/solution stoich)
up to and including Chapter 6.2

Skip p. 205-210, read all Section 5.7. Chapter 6
up to and including p. 233.

Bring only a calculator , pen(s) and your head




The three historical gas laws can be rewritten to
solve for volume and combined into 1 equation:

BoyleGs law: V =k 1/P (atconstantnand T)

CharlesOlaw: V=K1 T (at constant n and P)

AvogadroGs law:  V =kzn (atconstant P and T)

Ideal Gas Law: V=kxkixkenT =RnT
P P

PV =nRI
Pressure (atm) / moI/ \

= Temperature (Kelvin)
Volume (L)

Gas Constant = 0.0821dtm moitK-1




Boyles Law : At constant T and constant n, the
pressure of a gas is inversely proportional to the
gases volume.

Final Condition P1V1 P2 V2 =k

P> at V>
@
= .6
T P,
(0p) <
S ot
x =

Vi
2 4 Intial condition

Volume P1at V1




Charles Law : At constant pressure and moles of
gas, the volume of a of gas is directly proportional
to the absolute temperature in kelvin.

gas trapped under VaT
Mercury expands in V=constant X T

volume after heating
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AvogadroCs Law: the volume of any gas is
proportional to the number of moles of the gas at a
specified temperature and pressure.

Constant temperature
Constant pressure

AvogadroOs Law:
one mole of any
Van __— 9as will occupy the
V= k same volume as
= KN one mole of any

Vi= \> other gas.
ng Ny




Assuming constant T and constant P,

AvogadroGs Law says we can also use Vvolumes
as stoichiometric factors in chemical equations

e @ —€g
3H, (g) + N, (g) — 2NH; ()
3 molecules + | molecule L 2 molecules
I moles + | mole e 2 moles
3 volumes + | volume . 2 volumes




nitrogen monoxide and water vapor. (A) How
many volumes of NO(g) and (B) H20 are
obtained from one volume of ammonia assuming
constant temperature and pressure?

<§> Gaseous ammonia burns in oxygen to form




(NO) and water vapor. How many volumes of
NO are obtained from one volume of ammonia
at the same temperature and pressure?

<§> Ammonia burns in oxygen to form nitric oxide

NH;@ + O, (g) —— NO + H,0

4NH,() + 50, () —> 4NO + 6H,0

From the equation 1 mole NH;—— 1 mole NO

From the problem At constant T and P

Avogadro®Law 1 volume NH,—— 1 volume NO




Scientists define a O standard temperature and
pressureO called OSTPQ

STP means that:

Temperature = 273.15K (0GC)
Pressure: =1 atm




Advise for doing word problems when
thereisachangeinP orVorTora
combo of the three the ideal law

1. Always remember: PV = nRT the units

2. Watch for the Ogottcha suckerO traps--most
If not all are unit conversions traps.

3. You do not need to remember Boyle®
Law, Charles Law, Avogadro@® law to solve
any problem.




<

What is the volume (in liters) occupied by
49.8 g of HCI(g) at STP?




What is the volume (in liters) occupied by 49.8
g of HCl at STP?

Remember that STiReans: T=09C = 273.15 K

P=1atm
PV = nRT
_ NRT
V="
n=49.8 gx 1 molHCl 1.37 mol
36.45 g HCI

1.37.mol x 0.0821 mﬁn X 273.15.K

1 _atm

V =

V=306L




A bottle of chlorine gas occupies a volume of 946
mL at a pressure of 726 mmHg. What is the
pressure of the gas (in mm Hg) if the gas Is
compressed at constant temperature to 154 mL
(no gas can escape)?




mL at a pressure of 726 mmHg. What is the
pressure of the gas (in mm Hg) if the gas is
compressed at constant temperature to 154 mL

In this problem nRT are all constants--put them on the right
PV =nRT =k
PV = constant and thus:
P,V,=P,V,

5>A bottle of chlorine gas occupies a volume of 946

P, =726 mmHg P,=7
V,; =946 mL V, =154 mL

Py X V) _ 726 mmHg x 946 mt
v, 154 mit

= 4460 mmH(g




A sample of carbon monoxide gas occupies
3.20 L at 125 °C. At what temperature will the
gas occupy a volume of 1.54 L if the pressure
remains constant?




A sample of carbon monoxide gas occupies
3.20 L at 125 °C. At what temperature will the
gas occupy a volume of 1.54 L if the pressure

remains constant?

Use PV = nRT and move all the identified
constants to the right side of the equation. Move
all the variables in the problem to the left side.

§

PV = nRT --Nn, R, P=constants with V and T variables

VIT = nR/P = k and therefore

Vi
— = — = Constant
T, T

Now plug and solve the problem using the correct units!




A sample of carbon monoxide gas maintained
at constant pressure occupies 3.20 L at 125
0C. At what temperature will the gas occupy a
volume of 1.54 L?

V V
e Constant
T T,
Vl =3.20L V2 =154 L

T, = 398.1@ T, =7

T,=125 (°C) + 273.15 (K) = 398.15 K

VoXT, _ 1.54Lx398.15K

V, 320 = 192K




¥

A sample of methane, CH,, occupies 2.60 x 102

mL at 32%C under a pressure of 0.500 atm. At
what temperature would it occupy 5.00 x 102 mL
under a pressure of 1.20 x 103 torr?




A sample of methane, CH,, occupies 2.60 x 102

mL at 32°C under a pressure of 0.500 atm. At
what temperature would it occupy 5.00 x 102 mL
under a pressure of 1.20 x 103 torr?

|dentify and place constants to the right, variables to the left
PV/T=nR = Constant PV, =FEV,

<

T T2
V, =260 mL V, =500 mL
P, =0.500 atm P, =1200 torr
=380 torr
T,=305K T,=?
r,=0PkVs_ (305 K X1200 torr {500 mL )
PV, (380 torr (260 mL )

=1852 K =1580°C




Argon is an inert gas used in lightbulbs to retard
the vaporization of the filament. A certain lightbulb
containing argon at 1.20 atm and 18 °C is heated
to 85 OC at constant volume. What is the final
pressure of argon in the lightbulb (in atm)?




Argon is an inert gas used in lightbulbs to retard the
vaporization of the filament. A certain lightbulb

§ containing argon at 1.20 atm and 18 °C is heated to
85 OC at constant volume. What is the final pressure of
argon in the lightbulb (in atm)?

PV = nRT n, V and R are constant

nR _ P _ tant P,=120atm P,=7?

v T T T eonstan T,=291K  T,=358K
Pl _ I:)2
“1 T2

_ 2 _ 358 K _
P,=P, x___1 1.20 atm X >0 K 1.48 atm




We can extend the usefulness of the gas law to
density of a gas and to the gas molecular weight !

Molar Mass ( ‘M)

_ _ mRT
PV = nRT = oy

RT m/V =d is the
MW = P density of the

gas in g/L

Density ( d) from the Ideal Gas Equation

m PMw Mmisthe massof the gasing

d ~V T RT M is the molar mass of the gas




Rate the gases according to density from lowest to
highest assuming all of the gases are maintained
at the same pressure and temperature.

) 4 ) 4 ) 4 )

Ho- Clo CO NHs3




<

\_

Ho

~

J

2.0 g/mol

-

\_

Clo

~

J

71. g/mol

density = %

-

\_

CO

~

J

44. g/mol

P
LMW

Rate the gases according to density from lowest to
highest assuming all of the gases are maintained
at the same pressure and temperature.

- ™
NH3

. J

17 g/mol




<

A 2.10-L vessel contains 4.65 g of a gas at
1.00 atm and 27.0°C. What is the molar mass
of the gas”?




A 2.10-L vessel contains 4.65 g of a gas at
§ 1.00 atm and 27.0°C. What is the molar mass
of the gas”?

PV = nRT= — RT

MW
solving for MW
m. RT dRT
MW = = — = |
(V) > 5 d = density of gas

4.65
(2228 9

)(0.0821L atm mol' ! K' 1) (300.15K)
VW = 2101

= B4,
1.00 atm S4.6g/mo




Find the density (in g/L) of CO, and the number of

molecules/L (a) at STP (0)C and 1 atm) and (b) at
room conditions (20.°C and 1.00 atm).




Find the density (in g/L) of CO, and the number of

molecules (a) at STP (0°C and 1 atm) and (b) at
room conditions (20.°C and 1.00 atm).

PV = nRT= — RT

MW
Lo m_ (MW)(P)
V RT
(44.01 g/ mol)(1 atm)
d= = 1.96¢/L
0.0821L atm mol ! K' 1(27315K) J
molecules CO./L = 1.96 g mol CO, 6.022x10% molecules
’ L X 44.01gCO, ol

= 2.68x10%2 molecules CO./L




i

A 1.74 g sample of a compound that contains
only carbon and hydrogen contains 1.44 g of
carbon and 0.300 g of hydrogen. At STP
conditions 101 mL of the gas iIs found to have
a mass of 0.262 gram. What is its molecular
formula?




only carbon and hydrogen contains 1.44 g of
carbon and 0.300 g of hydrogen. At STP 101
mL of the gas has a mass of 0.262 gram.
What is its molecular formula?

<8> A 1.74 g sample of a compound that contains

?mol C atoms =1.44 g Cx I mol € =0.120mol C
12.0gC
2 mol H atoms = 0.300 g Hx 22 _ 5597 mo1 1
1.0lgH
0.297 _ 2.5 ...C,H, with mass =29
0.120
_PV_ (1.00atm 0.101L) 0.00451 mol

RT (0.0821 Latm )573k)
mol K )




only carbon and hydrogen contains 1.44 g of
carbon and 0.300 g of hydrogen. At STP 101
mL of the gas has a mass of 0.262 gram.
What is its molecular formula?

<8> A 1.74 g sample of a compound that contains

(?
‘g 0.262g 58.1 g/mol
mol 0.00451 mol
58.1

2_9 =2.. (Csz )2 = C4H10




