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Energy: What is it? How is it transformed?

* What is energy? What are the SI units for energy? Give examples of some energy

L ALY
> p8 1o d 1.471] An apple in a 1 meter tree
oo 2301J Field Hockey Ball @ 100 mi/hr
sonmt Y'Y 3,196 ] 1 mole of H, at 298 K

432MJ Energy in charged car battery

* What types of energy are we going to be interested in studying?

Potential Energy: Associated with the position of an object

Kinetic Energy: Associated with the motion of an object

Chemical (Potential) Energy: Associated with the position of electrons and protons in an atom or molecule\

Thermal (Kinetic) Energy: Associated with the random motion of a collection of atoms or molecules.

>

energy?

* What about and work? Are they forms of energy?

http://home.earthlink.net/~jimlux/energies.htm



Activity 6.01: Thermal Energy and The Flow of Heat
* Thermal (Kinetic) Energy: Associated with the random motion of a collection of atoms or molecules.

*Below is a picture of two lead blocks each weighing 100g but at different temperatures. The block on the left is at 200°C and the block
on the I'lght 1s at 25°C. Watch the animation and answer the questions. http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/thermochem/thermoEquiv.html

a) Which object contains more thermal energy? (1) T =200 °C Block (2) 2 5°C Block (3) Both have the same amount of thermal energy

@N hat do you predict will happen to the atomic motion of the T = 206°C lead atoms and the T= 2°C lead atoms

when they are brought in contact with each other? by stops down Ly Speed v p
P e P @Will both blocks eventually be a the same final temperature?

O Copper

O ¢
O Load 6& S

d) What type of energy is being transferred?

Ly Jwermnl Cpergy

Metal: Lead Metal: Lead
Mass: 100 Mass: 100 g .
Specific heat: Specific heat: 0128  J/g°C e) How 1is thlS energy belng tranSferred?

Temp. Slider: ||1=|=|=====\
Temperature: 200 = Temperature: 25 °C ©
eAT = W5
L_ .

* Heat is a process by which thermal energy is transferred from a substance at a high temperature
to another substance at a lower temperature. We use the letter q to indicate how much heat was transferred into

or out of a substance. @ MeARS \\‘h\' s

= o’
* The amount of heat transferred from the 200 °C lgad block to the 25 °C lead block wa Leaw A) ‘h\‘ 7'%

only the mass of the 200 °C lead block was increased would the amount of heat transferred changeor no Block

f) Would this processes in described in e cause the lead blocks to have a higher final temperaturer no

g) If the 200 °C lead block was changed to coBRer, would the amount of heat transferred change@or no



Activity 6.02: Determining the Amount of Heat Gained or Lost TABLE 62

The Specific Heats
of Some Common

* The equation below used to determine the amount of head lost or gaining by a substance: S hone o

Specific

Mass of substance specific heat of substance e of substance . =
ubstance o
~a ¢ dT = Tfinal — Tinitiab T E——

Au 0.129

m & |
Heat Lost or gained —7 q — S AT s

by a substance

a) Determine how much heat is gained by 100g of lead at25°C when in contact with 100 g of lead
at 200°C after both lead blocks reach a final temperature of T = 112.50 °C. Specific heat of lead is 0.128 J/g °C
Cz TS AT .

lad 6y stem ¥ ?Sos coones X O

= (1003)(0 8o Y25 -25%)
Oé = %+ [1L0g Hcﬂao\ﬂs“g:.c\k ’F:‘,\— La e.?un‘\\'oa

2 513

%1,,," Qas Plizey ¢ W2052 0 (F L E)

b) You take an insulated beaker containing 100 g of water at 20°C. You add 50 grams of copper metal that has been heated to 100°C. What
will be the final temperature of the system when it reaches thermal equilibrium (everything at the same temperature).

%“10 * %C\’ = o
(Mo Suo AT, ) & (M, 5¢ AT) = ©

(1005Ys. \eqz\(—r; 10-3 s (soé)(o zesé'f‘ T -loot) = O

) (= 13.3"9

Bonus: Write the first law equation for: 625 g C,H;OH at T= 234°C mixed with 34 g of Al at T = -23°C mixed with 15 g Au at T =50°C:

Dervgon +qp v 9, =0



Activity 6.03: Heat and Work are Two Ways of Changing the Temperature of a Gas

a) Lets come back to the animation of our gas. What happens to the average speed of the gas molecules when we increase their temperature?

b) What happens to the average speed of the gas molecules
when we decrease the volume of the container?

T SQ«J oF D\‘DM' ’[’Rm\p

¢) What happens to the average speed of the gas molecules
when we increase the volume of the container?

* By increasing or decreasing the volume of a container by moving a wall of the container we are transferring energy into or out of the
container. This process of moving a wall and transferring energy is called work. Work (w) is done when a gas expands
or contracts against a constant external pressure that causes the wall to move. There is an equation to calculate this transfer of energy:

w=-P AV

external

AV = Ve -V,
Clicker Question:

Determine work (in Joules) for a sample of gas that expands from an
initial volume of 1.00 liters to a final volume of 3.50 liters against a constant
external pressure of 1.20 atm. Note 101.3 J =1 atm

P o =
1) w= -3.0J o= __?“" AV l kp

s -

G — -

2) w= 427

= =)..0 M‘M(g.s\,- Luq
3) w= -30391]
© 2 =3 LAaTMx O3 =

4) w= 4255 Lt t‘3°3"* 3




Activity 6.05: Internal Energy and Enthalpy

* Lets consider an experiment that takes place in a insulated container. Inside the container is some NH,Cl and
some water. Both the water and the NH,Cl1 are at room temperature, 298K, but they are separated by a barrier.

a)When the barrier is removed and the water and the NH,Cl mix write the first law equation for both substances
in contact with each other.

b) Based on the initial temperatures of these two substances what would you
expect the value of AT for water to be?

egative
< 2.7er0) HzO
Positive u,0

Hakt NHqer = NH";\.CDM‘ “epey -

* Lets perform the experiment!

Now write the first law equation for when the barrier is removed and the water and the NH,C] mixing with water.

%Hw* %"“’“{"‘]-‘. %?ﬁn = O
\

\/ %So\»‘\' CZ!Z&& =0




Activity 6.04: Work, Heat, and Internal Energy

* We have a way of representing the total energy of a system. The system can be anything you want it to be: a block of lead, a
collection of He gas in a balloon, gasoline in the tank of a car. We use the word internal energy which is represented by the capital
letter U to describe the total energy of the system

U = all of the thermal energy and chemical (potential) energy for a system.

* The U of any system can be changed. The thermal energy is changed when you add remove/heat (q) or add/remove work (w),
the chemical energy is changed when the substances in the system undergo a chemical reaction.

So a change in internal energy for any process would would be: LAU =q + W7

Sign of AU tells us about energy changes: AU <0 Energy is leaving the system. (hot copper in cold water, AU, <0)
AU = 0 No change in energy of the system (copper and water at the same temperature)
AU > 0 Energy is entering the system. (cold copper in hot water, AU, >0)

* Clicker Questions:

An enclosed sample of gas expands against a constant external pressure within a A\f = V ‘(' - V \
perfectly insulated container so that there is no transfer of heat into or out of the gas.

A. What can you conclude about q for this gas? w = —’?Q“‘. AV V 'F 7 \I;

1) q<0 @ 3)q>0 ;Q—X-\-) AV "'@

B. What can you conclude about w for this gas? w = @

2) w=0 3)w>0
C. What cap you conclude about AU for this gas? b\) 2 i + W

4 2) AU=0 3) AU >0



State Functions: Enthalpy

a) DOCS the dlStal’lQe y0u tI‘aVel tO the tOp Of the mountain depend upOI’I YOU.I' path Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

r No

b) If you climbed straight up the mountain following the green path your change
in altitude would be 525 feet. If you followed the blue or red path would your change
in altitude be the same?

‘ Yes ))r No

State functions do not depend upon the path taken to reach the value

of the function. For example: Altitude is a state function. The difference
in altitude that a hiker experiences is not dependent upon the path the hiker
took to the top of the mountain. However, distance to the top of the
mountain is does depend on the path, so distance is not a state function.

v v v v’
Circle the state functions from this list:@@ )( @ X @ X

The equations below are the results of a short derivation starting with the equation AU = q + w and finding an expression
under conditions of (1) constant volume and (2) constant pressure.

Under conditions of constant volume: Under conditions of constant pressure:

AU = qv AU % ’5\4 AH=qq

* Where AH is a new state function defined in terms of U, P and V. Why would anyone want to create a new state function?

DU felvs o ahook the mainom anoost o€ hept Hant cpo be Ndded 4o oL
Re o ved va« p Chemicat Repchios.




Enthalpies of Reaction (Part 1)

* Consider the following reaction, the combustion of methane: bH £ 0 (o Ox‘“f-ﬂ"‘u- .
enciayis Lepuin§

CH, () @2 (g) > CO,(g) + 2H,0 ()) AH = -890 kJ/mol
A\'\ 50 ea\DO\"V\o\'M\g €ergy 60'“3 A,

The “per mole” in the units of AH for the reaction above means per mole of the reaction as it is written with the

stoichiometric coefficients above

Number of moles of any reactants that are consumed or any products that are formed

Number of moles of reaction, n,,,
Coefficient in the Balanced Chemical Reaction

* Clicker Question:
How much heat will be released if 3 moles of CH, (g) are mixed with 5 moles of O, (g) and this reaction proceeds to completion?
e ——)

1 of heat released 'R C_H‘,‘ L) + 20, - Co 2 4+ LM,0
225 kJ of heat release %

3) 2670 kJ of heat released, T 3 S O (o)

4) 4450 kJ of heat released, RY .

5) 7120 kJ of heat released C 1§ -5 tL.S S

E o5 o 2.5 3
o)eS ) Moles 02 5 s
%9&4 Xb U RM> Ny, C_“V% = 2.5 modes op Renchion
2.5 ol (U,

n x Auﬂm nlM = ‘ o 2.5 tvoley OV V-G.M.'\\oce

S'\).(-Bio}_r
Mo W"‘
\ Qeca = — 2,225 KTH




Measuring the Enthalpies of Reaction I: Calorimetry Constant Pressure

 We can measure the enthalpy of reaction ( “heat released per mole of reaction” ) by using a technique called calorimetry.
This is a closed container specifically designed for this purpose. Here is an example of high tech, expensive version:

JoOmL + lobwL = 2oom. Solaa '3 | Looy

. ) -
Copyigh0 The cras il Comprien, . Parmison rued o ordopty Here is an example of how calorimetry can be used to find AH?
Thermometer ({))

100_ml solutions of 1.00 M NaCl and 1.00 M AgNO; are both at a temperature
Sindan 0 m These solutions are mixed together in a coffee cup calorimeter and
Styrofoam cups The resulting solution reaches a temperature of 30.2°C. Assume the density of the

resulting solution is 1.0 g/ml. The specific heat of the resulting solution is
4.184 J/g°C Determine the AH for this reaction?

Hint: start this problem by writing the first law expression for this process.

%SO\A + @Md =O
(m-s-ATY & (n AMps) = ©

(7-°°a\('+\=“6{ Xso»l‘c-‘)_‘lw\ 4 (o.\Xbum) = O

Reaction —
mixture

AMgy, 3 - 65230 ’S/
Mele
l"-.(.\ 7 {)5»03 - “5"\ ¥ NoRO3
T01 o4 6 o Bugy = -6srvy)
C-0\ ~—o For  te. |

co . .
° oot Moles ,Mq - 3_-\__0‘ € Ra
R’“ Co&"‘ (TR \ T oume



Measuring the Enthalpies of Reaction II: Constant Volume Calorimetry

* When measuring the enthalpies of reactions for solids and gasses we use a constant volume calorimeter. This is called a
bomb calorimeter. We can determine the q for the calorimeter via below:

Heat capacity of calorimeter Temperature change of calorimeter

AT = Tfinal — Tinitial
by a calorimeter

v
T qcal = Ccal AT/

a)  Phosphorus can be burned in oxygen to form P,O,,. When a sample of phosphorus is burned
in a bomb calorimeter a 2.187 K rise in temperature is measured. If the heat capacity of the
calorimeter is 11.29 kJ/K determine the amount of heat from the reaction that was transferred

to the calorimeter. -
C(; pu + Q RA~ O

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
I

O
LI\M \“/‘\Xunk) ¥ Qexaz O

Calorimeter bucket \ %axn 2 - 1‘-"_ 1 K“

Heat Lost or gained

Ignition wire

Insulated jacket

Water L

O, inlet

Bomb

Sample cup




Putting it Together:
Heat, Work, Internal Energy, Enthalpy, and Calorimetry

* For any type of “calorimetry” problem, the heat (q) of every component added together will equal zero:

qtqtqt...=0
(This includes coffee-cup calorimetry and bomb calorimetry, as well as simply mixing together substance at different temperatures.)

* Calculating heat (q):

For a substance changing temperature: q = msAT
For a (bomb) calorimeter changing temperature: Qea1 = CoaAT
For a chemical reaction: Qyxn = D yAH

* Calculating work (w):

For a gas changing volume against a constant pressure: w=-P AV

* Calculating change in internal energy (AU):

First calculate heat (q) and work (w) separately, then: AU=q+w



Enthalpies of Reaction From Calculation: Hess' s Law

a) Consider hiking up the mountain depicted on this page over three
days. (It’s the same mountain as before!)
Here is your change in altitude for each day of hiking

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Day 1: Change in altitude is + 220 feet
Day 2: Change in altitude is + 130 feet
Day 3: Change in altitude is + 175 feet

You can find the total change in altitude for the trip by adding the change for each day?

b@ or False: Reactions and enthalpies can be added as in the example below where reaction (1) and (2) are added as well
as having their enthalpies added.

(1) CH,(g) + 20,(g) > CO, () + 2#0 ()  AH=—890 ki/mol v’
) 25,07 > 2H,0(g) AH = + 88 kl/mol VY

\CH4 (g) + 20,(g) > CO,(g) + 2H,0 (gy AH = - 802 kJ/mol

 Here are some properties of changes in enthalpies for chemical reactions

If we multiply a reaction by any number we need to multiply the enthalpy by that same number. If we multiply reaction (1) by 2 we get:

2CH,(9) + 40,(g) > 2C0,(9) + 4H,0 () A=) X -840 %3/ 0 = — 1,180 K1/

If reverse a reaction we reverse the sign of the enthalpy change

CO,(g) +2H,0 () > CH,(g) + 20,(g) aH= ¥ 840 M’/ML



Enthalpies of Reaction From Calculation: Hess's Law

Hess’ s law: “The overall enthalpy of a process is the sum of the enthalpies from any series of reactions that,
taken together, transform the desired reactants into the desired products” [Munowitz, 2000]

a) Using what you know about reactions and enthalpies from the pervious page solve the following (exam!)
problem

Given the following data:
P,(s) + 6Cl,(g)=%4 PCl, (g) A\H°
* PCl5(g) =P PCl,(g) + ClL(g) ANHP

Determine the change in enthalpy (AH®) for the following reaction:

P,(s) + 10 Clz(g)‘—»g) ANHC = 777 (6 pts)

Tq@) + (-,C\,_-—v '1/%3/ Ay = ~-liso V'r/,w,_
KPS +fQ, —4PAs Ay

—1150 kJ/mol
120 kJ/mol

1)}

TILOKY 4 = -Ygoky
ek x4 /““'* +

?q@} + lolyy— 1 Ps () Aya-1620 KT/lmk,



Enthalpies of Reaction and Formation Reactions

Enthalpies of every kind of reaction can be tabulated. For example:

Enthalpy of combustion:
¢ combustion of 1 mole of a substance

Enthalpy of fusion (melting)  H,0O (s) 2 H,0()): AHg, = 6.01 kJ/mol

E———

* 1 mole of a substance changing from solid to liquid

* Occurs at melting point temperature of substance and the temperature
remains at the melting point until the substance has completely melted.

Enthalpy of vaporization (boiling): H,O (/) - H,0 (g) Ang = 44 kJ/mol
* 1 mole of a substance changing from liquid to gas
* Occurs at boiling point temperature of substance and the temperature
remains at the boiling point until the substance is completely vaporized.

AH?G (4.}

Enthalpy of formation: C (s) + 0,(g) > CO, (g) AH®} ¢, = - 393.5 kJ/mol

When 1 mole of a substance is formed from its elements in their
standard states, then the enthalpy change for that reaction is called

the standard enthalpy of formation, AH®,

The standard state is the form of an element (solid, liquid, or gas,
diatomic or monatomic etc.) found at 1 atm of pressure.
Any temperature may be used although most data is collected at 25°C.

Know: the definition and conditions for enthalpies of combustion, fusion,
vaporization and formation.

CH, (g) + 20,(g) > CO,(g) + 2H,0() AH

comp = — 890 kJ/mol

TABLE 6.4 Standard Enthalpjes of Formation of Some Inorganic
Substances at 25°C

Substance AH? (kJ/mol) Substance AH? (kd/mol)
Ag(s) 0 H,0,(/) —187.6
AgCl(s) —-127.0 He(l) 0
Al(s) 0 I5(s) 0
ALOx(s) —1669.8 Hl(g) 25.9
Bra(l) 0 Mg(s) 0
HBr(g) —36.2 MgO(s) —601.8
C(graphite) 0 MgCOal(s) —-1112.9
C(diamond) 1.90 N,(g) 0
CO(g) —110.5 NH;(g) —-46.3

1 COs(0) —393.5) NO(g) 90.4
Ca(s) 0 NO;(g) 33.85
CaO(s) —635.6 N,04(g) 9.66
CaCOx(s) -1206.9 N,O(g) 81.56
Cly(g) 0 Ofo) 249
HCl(g) ~923 1 o 0
Cu(s) 0 ) 1422
CuO(s) -155.2 S(rhombic) 0
Fy(g) 0 S(monoclinic) 0.30
HF(g) -271.6 SOx(g) —296.1
H(g) 218.2 S0x(g) —395.2
Hi(g) 0 H,S(g) —20.15
H,O(g) —241.8 ZnO(s) —348.0
H,0(/) —285.8



What are the Standard States of the Elements at 25°C and 1 atm Pressure?

*Remember the diatomic elements: H,, N,, O,, F,, Cl,, Br,, and I,

*All elements are Solids EXCEPT:
i

i

*Gases are:le, N,, O,, F,, Clzi and the Noble Gases

] *Liquids are:‘ Brzsané Hg T
H ' He
. 4.003
3 4 5 6 7 1 10
Li Be B C N 0 F Ne
6941 | 9012 1081 | 1201 | 1 16.00 20.18
1 12 13 14 15 16 18
Na | Mg Al Si P S Cl Ar
2299 | 2431 2698 | 28.09 | 3097 | 3207 |{ 354 39.95
19 20 21 22 23 24 % 26 27 28 29 30 31 32 3 A 36
K Ca | Sc Ti ) Cr | Mn | Fe | Co | Ni Cu| Zn | Ga | Ge | As | Se Br Kr
3910 | 4008 | 4496 | 4788 | 5094 | 5200 | 5494 | 5585 | 5893 | 5869 | 6355 | 6539 | 69.72 | 7261 | 7492 | 7896 | 79.908| 83.80
37 38 39 40 4 42 43 4 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc Ru| Rh | Pd | Ag | Cd In Sn | Sb Te | Xe
8547 | 8762 | 8891 | 91.22 | 9291 | 9594 | (98) | 101.07 | 10291 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 12691} | 131.29
55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 8 86
Cs | Ba | La | Hf Ta [ W Re | Os Ir Pt [ Au | Hg Tl Pb Bi Po | AtJ| Rn

132.91 | 137.33 | 138.91 || 178.49 | 180.95 | 183.85 | 186.21 | 190.20 | 192.22 | 195.08 [ 196.97 § 20059 ¥ 204.38 | 207.20 | 208.98 | (209) | (210
87 88 89 104 105 [106] | (1071 | [108] | [109]
Fr | Ra | Ac Rf Ha
(223) | 226.03 | 227.03 || (261) | (262) | (263) | (262) [ (265) | (266)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanide series | Ce Pr Nd [ Pm [ Sm | Eu | Gd | Tb Dy | Ho Er | Tm | Yb | Lu
14012 | 14091 | 144.24 | (145) | 150.36 | 151.96 | 157.25 | 158.93 [ 16250 | 164.93 [ 167.26 | 168.93 | 173.04 | 174.97
90 91 92 93 1 95 9% 97 98 99 100 | 101 | 102 | 103
Actinide series | Th | Pa U Np | Pu [ Am | Cm | Bk | Cf Es | Fm | Md | No Lr
232.04 | 231.04 | 23803 [ 237.05 | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260)




Formation Reactions

Clicker Questions:

For each of the following reactions, identify if the reaction is a formation reaction:

A, ¥%N,(g) +32H,() >NH;(g) No
B.  %Ny(® + 32 H, (9 >NH; () Yes
C.  Ny(® +3Hy(9) >2NH;() No

D. %N,(g) + % 0,(g) > NO () YLS

E. Mg) +%0,(g) > NO(g) No
(
E 0, >0, Ye§ .

What is the AH of the last reaction (reaction F) above?

Qero

What is the heat of formation of an element in its standard state?



Using Enthalpies of Formation

* We can use tabulated enthalpies of formation to calculate the AH of any reaction! What is the approach to doing this?

aA+bB > cC+dD

AHO o [ CAHO(C) + dAHD(D)] - [ aAHE(A) + DAHS (B)]

@nAHO ](reactants)

rxn

AH -

o nAHOf(products)

Bonus: Using information on table 6.4, determine the AH for
the following reaction?

4NH; (g) + 20,(g) > 4NO (g) + 6 H,0 ()
Yx A”{no 6& Au,0
Agsn > [lndon) + (6x-1418))

UxDHiav; 4 22MML,,
- KLI X-463) 4 (zxo\)
I

) DUgxn = - F0.4 “T/mt/)

1

Standard Enthalpies of Formation of Some Inorganic

JRELE 6.4 Substances at 25°C
Substance AH¢ (kJ/mol) Substance AH¢ (kJ/mol)
Ag(s) 0
AgClI(s) —127.0 o)
Al(s) 0 Is(s) 0
ALO:(s) —1669.8 Hl(g) 259
Brx(l) 0 Mg(s) 0
HBr(g) —36.2 MgO(s) —601.8
Cigraphite) 0 MgCOs(s) —-1112.9
C(diamond) 1.90 N.(g) 0
CO(g) -110.5 { NH.(o) —46.1
COx2) ~393.5 Now) 507
Ca(s) 0 NO,(g) 33.85
CaO(s) —635.6 N,O4(2) 9.66
CaCOx(s) —=1206.9 N,O(g) 81.56
Cly(g) 0 0(g) 249.4
HCI(g) -923 05(g) 0
Cu(s) 0 01(g) 142.2
CuO(s) —=1355:2 S(rhombic) 0
F(g) 0 S(monoclinic) 0.30
HF(g) -271.6 SO,(g) —296.1
H(g) 2182 SO4(g) —395.2
mblalo) 0 H,S(g) —20.15
H.O() —2418) Zn0(s) ~348.0
H.0(l) —2858




Putting it All Together: Thermochemistry

If 247 grams of ice at -15°C are added to 300 grams of hot tea at 90°C, what is the final temperature of this mixture?
Note the specific heat of tea is the same as for water.

Properties of water:
. Specific heat of the solid Specific heat of gas = 1.84 J/gK Specific heat of liquid:‘l 4.184 J/gK '
\})rmal breezimaLoint = 0° Normal Boiling point = 100°C 'l‘l +
AH,,. m AH,,,, = 44 k)/mol
n -\s c- ' 8

@ ans Nora = ll
4%k, 0 x s “:.OQS) — Ho &)
19
a) Write the first law expression ( q + q + q.... = 0) for the tea and ice mixing:
QI('— s) 4110— ¥ CZZM“" + Q'tq\ =
"\5'(.-’ O el o __)T£ ] ->T¢
a.k‘

MSAT + OBU + MSAT & MsAT 20O qaqee
00

(’L"l@ )XI O‘l'S)é klO - ll'» Q XG 61 xlo 3'/“,,) ().‘n,Xq \8‘1'3/6|g%|'_‘ 6) +(30°)X‘-} lB‘lXT_‘ _QQ) 20

[T |




Gas Laws, Work, Heat and Energy
(Chang, Essentials, 6.77)

A 1.00-mole sample of ammonia at 14.0 atm and 25C in a cylinder fitted with a movable piston expands against a constant external
Pressure of 1.00 atm. At equilibrium, the pressure and volume of the gas are 1.00 atm and 23.5 L, respectively. Calculate the
@@and@or the process. The specific heat of ammonia is 0.0258 J/gC.

a) Write the expressions for finding q and w for the process above. What do you know and what do you need to find?

?,\,Op“m
T ’P‘V‘- (MNX'B.SL)
AV= A% £t
- Nv; - P= T 0 (mk.lo o8)
=g * w 4 atm v2233\ | T.(.: 13%.
?""H Fual
lmle . 12 1ombl . _nRT (1Yo.00e)Y 288
‘:'“‘3* E?'-._’ 135 Nw; T= 240K - Vi = 2 =L'q M})
‘G- .
% = M- g AT Q;sX&Olsgflé.‘ 13 _25) —SuT Vl:'—,:‘SL
V-V
W = — Veat AV L |8in Y235 m) ~21.35 LATmy 18137 99037
LATR

AU = % + W = =52yt ~22035 = -22087



