Avogadro’s Law
Equal volumes of gases
at the same P & T have

equal # particles

Laws

Partial Pressure
P11+ P2 + P3...= Piotal




The Combined Gas Law
nv, L5V,
nit, n,l,
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The Combined Gas Law
The “Before and After” Gas Law

« Consider 0.5 L of gas in sealed

syringe in a 50°C water bath with a PV Ps Vo
pressure of 200 mmHg. The syringe """ T. =~ 'n, T,
Is compressed to 0.1 L held at 50°C,

what will be the new pressure?

« Consider 0.5 L of gas in sealed

syringe in a 50°C water bath with a P V- =EAVA
pressure of 200 mmHg. The syringe =

is compressed to 0.1 L held at 50°C, ke TRgthe,
what will be the new pressure?




The Combined Gas Law
The “Before and After” Gas Law

« Consider 0.5 L of gas in sealed syringe in a 50°C water
bath with a pressure of 200 mmHg. The syringe is

compressed to 0.1 L held at 50°C, what will be the new
pressure?

P1 Vi P2 Vo P, = 1000 mmHg
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The Combined Gas Law
The “Before and After” Gas Law

« 2 L of oxygen gas in a sealed, rigid

metal cylinder is at 0.80 atm at 25°C. p.\/, P, \/5
To what temperature, in Celsius T4 = o 1o
should the gas be changed to reduce

the pressure to 0.30 atm?

« 2 L of oxygen gas in a sealed, rigid

metal cylinder is at 0.80 atm at 25°C.

To what temperature, in Celsius P1 Ve _ PoVe
should the gas be changed to reduce T™~I1 ~ "ha.l2

the pressure to 0.30 atm?




The Combined Gas Law
The “Before and After” Gas Law

» 2 L of oxygen gas in a sealed, rigid metal cylinder is at
0.80 atm o what temperature, in Celsius should
the gas bé changed to reduce the pressure to 0.30 atm?

do NOT sse C in baslaw

P?n/a/ﬁ&\-\f

25°C + 1972 |:>1\v1\ _ Pz\Vg To#9.4°C
- oalgk RRT1 TRello To=112K
- 273
To=-161 °C

0:?0 a_“/'h,\ - 0130(«11’\4
299 K T
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Developing the
ldeal Gas Law

Just a Manifestation of
the Combined Gas Law



Measurements of O2 gas at
particular conditions...

air 760/%4_5

pressure

It just so happens that
v 32 g of oxygen, (1 mole)

v plunged into ice water, — ° €

v barometric air pressure of 760,M»9

The measured volume of the
gas will be ?77?

14

v sealed in a piston cylinder, /7

gas
pressure?

F T60n




Measurements of O2 gas at
particular conditions...

» It just so happens that 20 ToOn s
v 32 g of oxygen, (1 mole)

v sealed in a piston cylinder, 224

gas 7b 0MH‘9

pressure?

v plunged into ice water,

v barometric air pressure of 76OMH3

 The measured volume of the U y
gas will =224 L




Measurements of He gas at
particular conditions...

» It just so happens that o IO
v 2 g of helium, (72 mole)

v sealed in a piston cylinder, | l\,l
v plunged into ice water, . gas|7é()

: : pressure?
v barometric air pressure of 760,

 The measured volume of the o
gas will = 27?7 \ /
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Measurements of He gas at

particular conditions..:-

» It just so happens that
v 2 g of helium, (72 mole)
v sealed in a piston cylinder,
v plunged into ice water,
v barometric air pressure of 76OMMHj

 The measured volume of the

gas will = 11.2 |
~ lmole

» When increased tthe§>
volume of the gas =224 L

11.2 L

air 760
ssure

-

air

\_

S
by

f

~N

Va

gas7w
pressure

J

pressure

gas

pressure

J

j{’l 22.4 L
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Measurements of CO; gas at
particular conditions...

air
pressure

« It just so happens that
v 44 g of CO2, (1 mole) l

v sealed in a piston cylinder, e

v plunged into ice water, gas %0

|
v barometric air pressure of 760[\&\:«:\“3 ;’ pressure
! 4
o0

» The measured volume of the gas
will = ?7?7?

&
4
)
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Measurements of CO; gas at

particular conditions...

+ |t just so happens that N L

v 44 g of COg, (1 mole) l
v sealed In a piston cylinder, o4l b .
v plunged into ice water, > S

f

v barometric air pressure of 7600\/"“9 o

« The measured volume of the e o
gas will = 22 4 L, yet again! : %

» Something is going on here...A\/ﬂgﬁAfO‘ﬁ Law/

gas 760
pressure

* There must be some
relationship between the
proportions of PV Let’s plug in some of

—_— these measured values

P, V, n,and T for any gas T

and calculate. _‘_?
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The Ideal Gas Constant, R

v 44 g of CO2, (1 mole) PV
v plunged into ice water, 0°C = 273 K
v barometric air pressure of 760 mmHg nT
v 224 L

 Plug these values into one side of the
Combined Gas Law, and solve

760mmHg X 22.4 L
Imol X 273K

=62 4mmHg e+ Lemol” K™
or 63 MN\Hj'L

Mo‘ . ‘4

» Since the same proportional values will
exist for any gas, this number is a constant.

* The ldeal Gas Constant, R
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Different Values for R?

» The units on the gas constant R
are very important. PV

» |f we plug the va_nlue§ intp the nT
gas law measuring in different
units, R will be different.

=R

760mmHg X 22 .4 L
Imol X 273K

= 62.36mmHgs L+mol' K™
9#// the £6S Col\S'/)nn-}, K | D-L#ef ont Uﬂ.l‘h

latm X 22.4 L

=0.08206atm e+ L+ mol 'K
1mol x 273K
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Volila, The Ideal Gas Law
TV R PV = nRT

nil

» This will be very useful to us as we work
stoichiometry problems for reactions that
iInvolve gases.
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Collecting gas from a Rxn

» Consider the decompostion of potassium
chlorate into potassium choride and oxygen

gas.

 Write a
balanced |
h _ | Gas collection
equation g% |
for this \ i |
reaction. . B
ap j\
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2 KCIO3 — 2 KCI + 3 02

KCIO3 122.55 g/mol

* Suppose you decomposed 1.72 g of
potassium chlorate, what volume of oxygen
could be produced if the oxygen were
collected at 25°C at 740 mmHg pressure?

PV =nRT

nswer ——=>

on nwt slide

R = 62.4 L-mmHg/mol-K or R =0.0821 L-atm/mol-K 18



2 KCIO3 — 2 KCI + 3 02

KCIOs 122.55 g/mol

« Suppose you decomposed 1.71 g of potassium chlorate,
what volume of oxygen could be produced if the oxygen
were collected at 25°C at 740 mmHg pressure?

gkt « LHLD, 5ol 0.
[Tl Keto, Srsywian, * o, 000wl O
PV — nRT \/: O‘QOQM{ éZL'[ L MMH7 Q%J/(
mol
- nKT .
v K T40 mmtt 3

V =0.526 Lof O (526 ml)
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