“'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 2L HC

1 - Convert 2500 L chlorine gas to moles using IDEAL GAS EQUATION.
2 - Convert moles chlorine gas to moles HCI using chemical equation.
3 - Convert moles HCI to mass using formula weight.

O V= nlT | P2\l o0 abm Vr Lss6lL. Rz 0.0820( L«tivn
~ P\ mel e W
N"=ZT | T3 8.0 = 961K

RT
e, = oumm)bszokj 1O, Wb 6I83 ol (I,
1
@ °E106 - mc\ ?’/)b‘?cg 7‘}\)
mol Cly 2 Lol ICL | ROL: 21 :\c };;%Ufs zgzloé
BNEYS

35.45¢ gHCl ol MO |

© 25, 1s¢ Q W
[0, 1M 6I83 wal (I v Lmol WCL LA ) 22U leg W]

mol Clo mol M| lDé’ B
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X
Calculate the mass of 22650 L of oxygen gas at 25.0 C and 1.18 atm pressure.

& Oq *\Volume of a 10'x10'x8'
room
1 - Convert 22650 L oxygen gas to moles using ideal gas
equation.
2 - Convert moles gas to mass using formula weight.
O PV=alT | P2\, 1K sk T=215.07C =L96.2K
Yy = koL
RT
- O, o¢t
R D%'L my| W
2 : vy '
(0:D%L06— - } (m% Ll
BL004 0> mal O(L
51004 0y, | 5.0 W4

1067 220357 mol Oy y

Oul|
) OL gSOOO 77“9
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TR * Na 0y —7 COy Hy O = L Ul |

If 48.90 mL of hydrochloric acid solution react with sodium carbonate to produce 125.0 mL
of carbon dioxide gas at 0.950 atm and 290.2 K. What is the molar concentration of the acid?

We need to find M of HCI solution: \ HO\

/V\H(, Lsr,\ Hon & 4&.90 mL = 0.04&301

1 - Convert 125.0 mL of carbon dioxide gas to moles using ideal gas equation.
2 - Convert moles carbon dioxide to moles HCI using chemical equation.

3 - Caclulate molarity of HCI by dividing moles HCI and volume (in L) of HCI solution.

(1) PV=nRT | P2 0.950 obim  V=(15.0mt = O, 12600

Y\“-E,U: R20.04206Y2™  Tx290.2 I
(A mol -k

V\(ol (O 150 o»fﬂm?r(‘(z \'LSOLB - O.OOH[}% &EOLC/ mol CO
(O 0%206 == )6’90 1\&’7

2 mol WL T ol COrL D
0.00U%% 6019 w\COw'“;‘C\C?“ = 0,004997 52036 mol HUI
TLEDY
mol HOL _ 0,00897320%8 mol MUl | 5 9 nyy /)
@ /\/\ - - oY " '
MO~ [solotion  O-0%6I0L ol




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”

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




R Cag ) * MaOVtag) > Malllag) ¢ H
(0 3M Rel b9 ¢ 6 » j{ t Heo (¢)

i Temperature of the flask goes up
to 36.5 C on mixing. This is an

\ EXOTHERMIC reaction. Energy is

fransferred from the reactants/

\ products fo the surroundings (flask,
/ water, thermometer, etc.)
‘ rs fL\ MO(,\ * H‘LO
/ / 3@} MaoHtll,QO(‘ //ﬂ A S0 wl
/////// ~ SO AN w3y Coc
e Temperature of the flask drops to well
LS U
wrp Mgy 22Ol below 0 C. This reaction is ENDOTHERMIC,
ef

Energy is absorbed from the envorinment,
cooling the surroundings.

4

v

? ARk NH%HLO/L Y, =13,80¢
0 tr “\ 9, 7
//n/mp‘w i)

Aipp ) Belotly Mo, 20l
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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 I
100 g water heating the wateg. | 4, g water %4 /9%

/
A->B+C A->B+C
2.SoC 3¢ 0(C
) R, v SO T,
¢ +Qw -0 -*(OO )(Li, L%w/ﬂ)(%% ZSOCB
- 543923 0

Qro4diry = 0 Qrz—S439.2 7

To report the energy change in this reactrion to others, we should express it in terms

of heat transfer per mole of something. A different amount of reactant would
have a diffferent Q

Qi :“5"139"7«3
&(W\ - muleg A 0,00 mvl A

¥ k>
_ -7 )
7/70(:0MAr

mdy A

e

This number is usually called
the "HEAT OF REACTION"




