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2 NHLNO3 () — LN, Lg) ¢ 0y L4) + U H0(4)

At 300?(2, ammonium nitrate decomposes to produce nitrogen gas, oxygen gas,
and water vapor. What is the volume of water vapor that would be produced at 1.00
atm by the decomposition of 15.0 grams of ammonium nitrate? NH, Moy 7 80.0SL 9/m o)

1 - Convert 15.0 g ammonium nitrate fo moles using FORMULA WEIGHT,

2 - Convert moles ammonium nitrate to moles water vapor. Use CHEMICAL EQUATION
3 - Convert moles water vapor to volume. Use IDEAL GAS EQUATION.

D €0.05 4 NHq MOy = mil WA N0, (D) Lol WAL 10y = Howel H10

el WA NG, Hmd ]0 6 294750 U0g Y mol HaO
‘6D.os’id NHy MOy Limol Ny, MOy

©,
@ PV aRT [0=2 0 VI4I56U0E A mol HO P2 120 abm

V=odT IRz 0,0%1206 &2

mol 1 K

150 N0y

' Tz %002(=573V¥ I
catm ]
g - (0374564083 mo H0) (0, 05106 E22) (99 4) | 1761
U-OO &Jm) | Hao Ne s
o&?:.koo &y
\ el M
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REAL GASES

- The empirical gas laws (including the ideal gas equation) do not always apply.

- The gas laws don't apply in situations where the assumptions made by kinetic
theory are not valid.

- When would it be FALSE that the space between gas molecules is much
larger than the molecules themselves?

- at high pressure, molecules would be much closer fogether!

- When would it be FALSE that attractive and repulsive forces would be
negligible?

- at high pressure, attractions and repulsions should be stronger!

- at low temperature, attractions and repulsions have a more
significant affect on the paths of molecules

fast (high T) slow (low T)
= o v
@.
-The gas laws are highly inaccurate near the point where a gas changes

to liquid!

- In general, the lower the pressure and the higher the temperature, the
more IDEAL a gas behaves.
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van der Waals equation

- an attempt to modify PV = nRT to account for several facts.

- gas molecules actually have SIZE (they take up space)
- attractive and repulsive forces

~———

P \I - n ({ T _J ldeal gas equation
’ —
noa - van der Waals
Qp By \/1 (\/ - V\\s> =N RT equation
| W

L —

attempts to account for molecular size

— affempts o account for attractive / repulsive forces

*'a" and "b" are experimentally determined parameters
that are different for each gas. P 109

MHe+ o= 0O ,O'Ab[(,/ b= 0,013 & finy, no special attractive forces

. ~ - 0.,03049 small, but stfrong aftractions
Hio a 25.5%7, =0 between moleculres

larger, and strong attractions between
- D
bz 0,04 H molecules

(Mg (dior - o= VLS6
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2500 L of chlorine gas at 25.0 C and 1.00 atm are used to make hydrochloric acid. How many
kilograms of hydrochloric acid could be produced if all the chlorine reacts?

A C] , —> H | Kel 36, LSE g fmo

1 - Convert 2500 L chlorine gas to moles. Use IDEAL GAS EQUATION.
2 - Convert moles chlorine gas to moles HCI. Use CHEMICAL EQUATION.
3 - Convert moles HCl to mass HCI. Use FORMULA WEIGHT.

@ Pv= ﬂpfj Pelovate R 0.0%206 2
n- = - 2S00 T=22S5.0% = 298 2 W
N _(l,oomﬁ\hs';o\,\ _
Gq = - = DL 164695 | (|
V. O-Oﬁzoéw\(ﬂf&zy\ OL. 16 3 o (3
mo\

(@ o\ (| = Lmol WCI @gg.qsgj H(| = mo) HC

Y ol WC ’3(7.%86‘ H(\
Y\r\ul < = HC
DINISITAS C\“m\Clq }(m\ " 7HSO€1 |

k = Ip> |
9 9 7H503HC|X%3—‘~_:\7'[’|SL[@ HC‘
: \
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TR * Na 0y —7 COy Hy O = L Ul |

If 48.90 mL of 0.250 M HCI solution reacts with sodium carbonate to produce 50.0 mL
of carbon dioxide gas at 290.2 K, what is the pressure of the carbon dioxide gas?

1 - Convert 48.90 mL HCI solutfion fo moles. Use MOLARITY (0.250 M)
2 - Convert moles HCI fo moles carbon dioxide gas. Use CHEMICAL EQUATION
3 - Convert moles carbon dioxide gas to pressure. Use IDEAL GAS LAW,

@M o0.2%om HCl =L mbl2lp™3L (D) Lowt HLL = el (0o

H%.QOMLX \Dh%L " 0, S0 myl 'HCH(W‘rjl [0'2, - 0.00601 LS muh KO‘L
L L- Lot H{|

@

® PYUT AT |1n=0.00602S mel (0q V=50.0mL = 0.05000

p2 AT | R= 0.0%1006 Lol
‘Tj’_ mu\-},(
T= L90. 11
L

-t
(0.0061113 an Col(\o(o‘j%zb i'r\u\-l.(3 (190"2' L{’) - ’LCH o\x"fh\
.0N0O —

P =




150 ENERGY
- thermodynamics: the study of energy transfer

Conservation of energy: Energy may change form, but the overall amount of energy
remains constant. 'first |aw of thermodynamics'

- ... but what IS energy?

- energy is the ability to do "work”

T

motion of matter

Kinds of energy? m €S

- Kinetic energy: energy of maftter in motion FK <~ m Vv

i)
o
velocity

- Potential energy: energy of matter that is being acted on by a field
of force (like gravity)
\V_a

/ / / / When the ball falls, its

potential energy is converted
7 gravity to kinetic!




- What sort of energy concerns chemists? Energy that is absorbed or released during
chemical reactions.

- Energy can be stored in chemicals ... molecules and atomes.

INTERNAL ENERGY: "U"

I related to the kinetic and potential energy of atoms,
molecules, and their component parts.

- We measure energy transfer ... which is called HEAT. (HEAT is the flow of energy from
an area of higher temperature to an area of lower temperature)

Q  heat

SYSTEM: the object or material under study
SURROUNDINGS: everything else

SYSTEM 1o
SURROUNDINGS

Type of process Energy is ... Sigh of Q Temp of SURROUNDINGS ...
ENDOTHERMIC fransferred from
SURROUNDINGS + decreases
o SYSTEM
EXOTHERMIC fransferred from iIncreases




p\C\ (u‘[,B X Ma\OH(o\(II) - NO\.C\L&@) v HZ,O (@)

This reaction is EXOTHERMIC. Energy is
fransferred from the reactants and
prodicts (the SYSTTEM) to the water in
the flask, the flask, efc. (the
SURROUNDINGS)

2 M Nall ~H0,~H0%C

::ri Bo(oh), -8H0cs) ~LNH, MOy 6) —DENHy Gog) +10HLO()) + Ba (b0,) (og)

di Ny, | 155
-

This reaction is ENDOTHERMIC. Energy is
being transferred from the room/flask/etc.
(the SURROUNDINGS) to the reaction

itself (the SYSTEM).

N Hﬁ) [ H’1,0/
1 1. (NOy ) o L) ) € O°C
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ENERGY UNITS

- cdlorie (cal): the amount of energy required to change the temperature of one gram of water by
one degree Celsius (or Kelvin)

o q lg 2 Il For water

ol [T
O add one ] (’
calorie of

energy

- Calories in food? The "Calorie" that is given on American food labels is actually
the kilocalorie (kcal)

- Joule (J): Sl unit for energy. It's defined based on the equation for kinetic energy.

(o M
/\ 3 - _/_L ‘\9 ; from
A >
-1 L
W T g MmN
kinetic XK\\
energy MAass velocity

4.184 J =1 cal

- the Joule is a small unit. For most reactions at lab scale,
we'll use kilojoules (kJ).
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CALORIMETRY

- the measurement of heat. How do we measure heat flow?

0.20 mol A

When we add the
reactant to water,
it decomposes -
heating the water.
100 g water ? 100 g water
A->B+C A->B+C
2LSoC 3@ 0C

... what is Q for this reaction?

Assuming that no heat is lost from the water to the surrounding air,

Conservation of energy. The terms add to
Bl Q W zero because they have opposite signs.
\___I

\

reaction wo’rer

... If we knew something about the WATER, we could use that fo find the heat of
the REACTION!



155 SPECIFIC HEAT

- a measured quantity. The amount of energy required to change the temperature of one
gram of a particular substance by one degree Celsius.

- Specific heat information for common substances is readily available. For water,

gy 3 . \ .000 Cel
'3"(_ -_— SOL

(0 = mx §xAT

M = Mass This is ALWAYS final temp minus
s = specific heat /iniTiCﬂ tfemp!
AT = Tfinal - Tinitial | K

- For objects, like reaction vessels, you might know the HEAT CAPACITY, which is the
amount of energy required to change the temperature of an object by one degree Celsius

Unite - _5/ 0r (,a-\/
°C °C

Q = C Y AT

C = heat capacity




156 0.20 mol A

When we add the
reactant to water, Specific heat of water:

it decomposes -

. Y., J
100 g water heating the wo’re; 100 g water A% /9%

A->B+C A->B+C
2SoC 3¢ 0(C

Qw :mwawi\ NTw

B (1004 J(H 454 I o )(38°C-25°C)
‘&u/: SL[%C}P)_T

Qr +Qw —~0

Gy« SH1Y.2= 07 Qr =-S4%9.2 3

To report the energy change in this reaction to others, we should express it in terms
of heat transfer per mole of something. A different amount of reactant would

have a different Q -

~SuAs .23 s | kD

& - @f‘ - :'"17000"-"/_* = 17"\0'&
%N, moleg N 0O.0L0 vl M

This number is often called the "HEAT OF REACTION" j



" One problem ...

PATH. The amount of energy required for a process depends on how the process is carried
out.,

Example: Driving from Florence to Columbia. How much energy is required? (gas)

2000 Jeep Cherokee vs 2008 Toyota Prius. The Jeep will use much more

fuel than the Prius even though they start and end from exactly the same

place. So the fuel usage is what we call a PATH FUNCTION, while the
location is a STATE FUNCTION.

- 50 the heat of reaction depends on how the reaction is done.

- we need (for reporting) some kind of standard condifion. At constant pressure, we
can define a state function called ENTHALPY (H)

H=U+PV

A )"\ = ®\, Cuacke~l (1 reCoure

... we record the "enthalpy change of reaction” in our data books.

AH



