2 NHGNO3 () — LNy (g) + 02(5) « HHa0L)

At 300?(2, ammonium nitrafe violently decomposes to produce nitrogen gas, oxygen gas,
and water vapor. What is the total volume of gas that would be produced at 1.00 atm by
the decomposition of 15.0 grams of ammonium nitrate?

To simplify this calculation, we'll calculate the TOTAL MOLES Fw N}/f,q /\/a3 1 %0.0 g']_ 9/
OF GAS instead of the individual moles of each gas! V"@))

1 - Convert 15.0 grams ammonium nitrate to moles. Use FORMULA WEIGHT.
2 - Convert moles ammonium nitrate to TOTAL MOLES OF GAS. Use CHEMICAL EQUATION.
3 - Convert TOTAL MOLES OF GAS to volume. Use IDEAL GAS EQUATION.

o) %0.05%g MMty WOy < NH V0N Limal MAGHO, = Trol gog (LHTH2T7)

vro| MYy MO ] o) on
15,09 My Moy %d.ougmf.,ws zm]mi,fmg:oﬂ“scs“ﬂcﬂNI gus
0, ©
@ PV=nKkT nlO,GSS%Z’}?}q() bhal (jh_[ T~ 300.,° - $73%Kk
V=" kT R= 0.0%206 L-alm P 21,00 abm
¥ mel- W

U= (06558239146 mel gus){0.06106 555 Y(€73K)_

.00 ebtwm

TLEO%\_ Gt @ BOD_UC;QM}h /
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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

S~——

P \I - n ({ T _J ldeal gas equation
’ —
noa - van der Waals
(p 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

Me+ 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 - = 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?

H,o+ Cl, =2 L HC

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 HCI fo mass HCI. Use FORMULA WEIGHT

@PU‘—V\P\T Pzl oo abtns P\.: 0r0QLof L-2iw

n=PV | < 2sz0L oo TUge Ll
v—(—(:( = T = 25,0°C =LY%,
o;lzh 0
HCI’L - (lrUU ’)('?-S.GOL-) _ |02,,H3[740/83 }"\U| g'z—

(0.0 6206 & - 'M‘“* )(1% 7 lc)

o] Cly =Ll Hc} W[ — ALIx].006
(@ mal Cly " @ s

@ O WHSkgHc| = mol HCI

0L 1644983 mol Ll y 1 BOHTAHE 5000 ¢ ng
mol Cl7 mol U |

Problem CISkS for kP SO conver’r units...
o>

]SO?X '0"’5 w




149

TR * Na 0y =7 COy Hy O = L V(|

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 of HCI to moles. Use MOLARITY.
2 - Convert moles HCI to moles carbon dioxide. Use CHEMICAL EQUATION.

3 - Convert moles carbon dioxide to pressure. Use IDEAL GAS EQUATION.
(D 0280wl HULZL m U= (D 2mel Kl = mol (O,

. A
L(“é‘?() mL X 0 LX 0,'1,Sdmy]H0|$ YhalCU'L = 0.006111LS meol CO,
my L L. L ol HL |
@ PU=nRT w0065 mel €0, T <2902k
ol | e seenL< 003000
\/ Myl e

L -aln

()~ (000611251 (02) (0052 0¢ W}W)ﬁcyonjd_'\l 9 atm /
(0.0S00L ) R —




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)
Vi

/ / / / 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
products (the SYSTEM) to the water in
the flask, the flask, efc. (the
SURROUNDINGS)

2 M Nall ~H0,~H0%C

::ri Bo(oh), -8H0(s) ~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’L,(‘)/
1 1. (N0 ) 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. But how do we measure heat?

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,

Higy 3 . \ .000 Col
'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




