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TABLES
~Bond Energy
~Bond Length

Average Bond Lengths and Bond Energies for Some Common Bonds

Bond Energies (kJ/mol)

Bond Bond Length (A) Bond Energy (kJ/mol)

c-C 154 345
C=C 134 611
C=C 120 837

C-N 143 290
C=N 1.38 615
C=N 116 891
c-0 143 350
C=0 123 741
Cc=0 113 1080
Table 7.3

Bond Bond Energy Bond Bond Energy Bond Bond Energy
H-H 436 (o] 260 F-Cl 255
H-C 415 c-Cl 330 F-Br 235
H-N 390 C-Br 275 Si-Si 230
H-O 464 Cc- 240 Si-P 215
H-F 569 N-N 160 Si-S 225
H-Si 395 N=N 418 Si-Cl 359
H-P 320 N=N 946 Si-Br 290
Table 7.2
Bond Energies (kJ/mol)
Bond Bond Energy Bond Bond Energy Bond Bond Energy
H-S 340 N-O 200 SiH 215
H-CI 432 N-F 270 P-P 215
H-Br 370 N-P 210 P-S 230
H-1 295 N-CI 200 P-Cl 330
c-C 345 N-Br 245 P-Br 270
C=C 611 0-0 140 Pl 215
C=C 837 0=0 498 S-S 215
C-N 290 O-F 160 S—Cl 250
C=N 615 0O-Si 370 S-Br 215
C=N 891 o-P 350 CI-Cl 243
c-0 350 0o-Cl 205 CkBr 220
C=0 741 o 200 CH 210
C=0 1080 F-F 160 Br-Br 190
C-F 439 F-Si 540 Br-I 180
C-Si 360 F-P 489 = 150
C-P 265 F-S 285

Table 7.2




CHAPTER 5
THERMOCHEMISTRY

Energy Basics [5.1]

* Thermochemistry -- aka Chemical Thermodynamics -- heat & energy flow
» Chemistry is the study of matter: it’s properties, interactions, reactions, and ENERGY CHANGES.
» AE occurs with almost every chemical, physical, or nuclear change

Energy

KE: from VRT — temperature
PE: from IMF [5.3] — attraction/repulsion

E=qg+w TWO TYPES
> « Kinetic — motion
* Potential — position

energy = heat + work

1st LAW (Conservations of Energy) — in a chemical reaction or
physical change, energy can be neither created nor destroyed.




Thermal Energy, Temperature, and Heat

THERMAL ENERGY MANEFESTS as three
types of molecular/atomic motion:

@ Vibrational
@ Rotational
@ Translational

RELATIONSHIP: TEMPERATURE AND MOTION

» T amount of motions ™ more motion = higher temp
» T~ KE(AVERAGE)

RELATIONSHIP: MATTER AND MOTION

» Gas — motion such that molecules cannot interact
+ Liquid — motion such that molecules can interact somewhat
+ solid — motion such that molecules interact significantly




Microscopic
O A ¢ kinetic energy

Does a glass

No apparent o
of water anorgy of o <o © ispartof internal
Slttlng on a water on a . energy.

macroscopic O__0 ™ Molecular attractive
table have scale. é’» (o) O forces are associated
any energy? - with potential energy



{ ASIDE

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html r(
Microscopic
Does a glass No apparent N q‘ 1 kinetic energy
of water energy of d‘ -0 is part of internal
e the glass of energy.
sitting on a waterona . ’
macroscopic O__0 ™ Molecular attractive
table have scale. é’b [0)\0 forces are associated

with potential energy

%

any energy? ~

Systems with the same temperature

O Translational kinetic monoatomic
energy gas molecular

[} Vibrational and rotational gas
kinetic energy

. Potential energy from
intermolecular forces

Internal
>
Energy

liquid
solid

What is the
same and what
is different?

The internal
energy is
not the same.

Why is the
specific heat of
water more than
10 times that of
copper?!

1 gram of 1 gram of
water at copper at
oc ocC
' ' The same temperature
implies that the

average molecular

- kinetic energy is
-’;-E-iq the same*

Specific heat
PE 0.092 cal/gm C or 386 J/kgC
Specific heats are
Specific heat the sam
1 cal/gm C or
4186 J/kgC * More precisely, the trafslational

kinetic energies are the same. The
rotational and vibrational kinetic
energies are neglected in this
simplified illustration.
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Temperature is not directly proportional to internal energy since temperature measures only the kinetic energy part of the
internal energy, so two objects with the same temperature do not in general have the same internal energy

Internal

C Energy
*might include

internal KE
that doesn’t
contribute
to heat
transfer.

http://chemsite.lsrhs.net/chemKinetics/PotentialEnergy.html



Chemical Potential Energy
A chemical bond can be thought of as an attractive force between atoms.

Because of this, atoms and molecules can have chemical potential energy.
Anytime two atoms form a strong covalent or ionic bond or two molecules form a weak van der Waals bond, chemical energy

is converted into other forms of energy, usually in the form of heat and light.

—> The amount of energy in a bond is somewhat counterintuitive - the stronger or more stable the bond, the less chemical
energy there is between the bonded atoms.

Strong bonds have low chemical energy and weak bonds have high chemical energy.

Lot's of heat and/or light energy is released when very strong bonds form, because much of the chemical energy is converted
to heat and/or light energy. The reverse is true for breaking chemical bonds. It takes more energy to break a strong bond than
a weak bond. The breaking of a bond requires the absorption of heat and/or light energy which is converted into chemical

energy when the bond is broken.
See an example below of how a chemical reaction converts chemical energy into heat and light energy:

2Hig) — Hylg) + 432 kJ mole”?

2H——— > H, Simplified Chemical Energy Graph e
+ B I W=~ S PSP P e oo
o . |
o Total energy oo 2H——— > H, u!J :Bond energy = 432 kimole y
remains > :
constant "\ < B PPN ml Sl
[ Heat and e V3 Pr :
Light Energy 2 0.74A  Intemnuclear distance
[l Chemical Cherme g
En erg emical 5
Yy energy is o
converted o
to heat and
light energy
as bond
forms.
separate bonds reactants products
atoms formed

http://chemsite.lsrhs.net/chemKinetics/PotentialEnergy.html
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http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/firlaw.html#c1

An increase in the enthalpy H = U + PV might be associated with an increase in
internal energy which could be measured by calorimetry, or with work done by the
system, or a combination of the two.

The internal energy U might be thought of as the energy required to

. S 0/0 v create a system in the absence of changes in temperature or volume.
9 6
But if the process changes the volume, as in a chemical reaction which produces a
00 \O/ \D/‘ gaseous product, then work must be done to produce the change in volume. For a
[ constant pressure process the work you must do to produce a volume change AV is PAV.

Then the term PV can be interpreted as the work you must do to "create room" for the
system if you presume it started at zero volume.

T ASIDE t



Heat

+ HEAT (q), or heat flow, is the transfer of thermal energy between two bodies at
different temperatures.

AT

heat transfer

—| LT

+« THERMAL EQUILIBRIUM -- both substances are at the same temperature, and
their molecules have the same average kinetic energy.

ENDO vs. EXO

T

no heat transfer

. T

@ equil: KE(object 1) = KE(object 1)

LR

QMuiw S T L s B

SYSTEM
cooler

SURROUNDINGS

exo
> warmer

endo

warmer < cooler

SYS 4 S ~ WUUSRL




Units of Measure

» A calorie is the amount of energy required to raise one gram of water by 1 degree C (1 kelvin).
» The Calorie (with a capital C), is commonly used in quantifying food energy content,
s is a kilocalorie.
Ls is also known as a “large calorie”, or “food calorie,”
Ls for example, an apple contains about 90 Cal (which is 90 Kcal, or 90,000 cal)
» The Sl unit of heat, work, and energy is the joule.
Ls A joule (J) is the amount of energy used when a force of 1 newton moves an object 1 meter.
Ls One joule is equivalent to 1 kg m 2 /s 2, which is also called 1 newton-meter.

»> 1 calorie is equal to 4.184 joules.

» Two useful conversion factors:

< 4254_:3‘ ) <| OODC QJ)



Heat Capacity vs. Specific Heat

HEAT CAPACITY

« [def] the amt of heat absorbed or released when undergoing a temperature change
+ Extensive property (dependent on AMOUNT of material present)

C=L (%] Hek Gpiby ()

MISC VALUES

SPECIFIC HEAT CAPACITY (“SPECIFIC HEAT”) 4,148 — water
*2.093 —ice
* 1.864 — steam
+ [def] the amt of heat needed to raise 1 g of material 1°C (or K) +1.007 — air
* Intensive property (depends on the KIND material present) +0.897 - Al

-0.449 - Fe

g‘u.c_:-CtL. \2“)( s +0385-Cu

. -0.130 - Pb

=4 J C'D’P"“l—b <) -0.129 - Au
mAT g’C




Heat calculations

g=msAT (J)
how waney JJ \_\M\_vﬂ,

oo (J’\i’k

(EX) Calculate Heat for Given Temperature Change

¢{How much heat, in J, is needed to raise 205 g of water from 21.2 °C to 94.4 °C? [ex 1-20; w10Q]
o e
97 = 205¢ .4.18J . 78.2°C = 6.02x10%J
1 lg-°C
1
. K = 6.02kJ
1000J

)
I
S
5}
>
~



Calorimetry [5.2]

CALORIMETRY — “calor” = heat; metry = “measure”

Calorimeter -- device to measure Q chg

#— Thermometer

I L s
r

S i S

SURROUNDINGS
SYSTEM ox0 ~ A
cooler =—f————> warmer ~ SoLUYTo X
endo
warmer €————— cooler

Fundamental Calorimetry Equations

(A q(in) = q(out) (®) AT EQUILIBRIUM
q(lost) = q(gained) q(hot item)+ q(cold item)=0

_ q(hot item) = — g(cold item)
Zq( items that LOSE heat) ~— 2q(items that GAIN heat)



(EX) ID Metal via Calorimetry [ex 5.4]
A 59.7 g piece of metal that had been submerged in boiling water was quickly transferred into 60.0 mL of
water initially at 22.0 °C. The final temperature is 28.5 °C. Use these data to determine the specific heat of

the metal. Use this result to ID the metal? .

q(lost) = q(gained)

q(lost by metal) = —q(gained by water)

my, Sy AT, =my, s, AT,

o = My Sw AT, _= 60.0g 4.184J (28.5°C—-22.0°C)
M m, AT, 59.7¢g g°C (28.5°C—-100.0°C)

s, =035J/g°C

— > this value is very probably copper




(EX) Calc_heat produced by RXN  [ex 5.5b
¢ Wher(100. ml) of 0.200/MNaCl(aq) and({00. mD)of 0.200 M AgNO3(ag), both a °C. are mixed in a
coffee cupgealerimeter, the temperature increases t%as solid AgCI forms{ How much heat is

by this precipitation reaction? What a&@ns did you make to determine your value?

[ob .@(D/A lug%uo \S.L,./—’ R, 1 [84’7 K/tjp%
e porhs L 9 -
0.2 V lone® R - >

oD+ Agplby —> s 4 AL

T = 8 cawe
Lo (o
%/’4"‘0" -- % Los &

gﬂr/t/ - f Seln/
Q — A« - 4 r
Mo

4



(EX) Calc heat produced by RXN [ex 5.5b]

¢When 100. mL of 0.200 M NaCl(ag) and 100. mL of 0.200 M AgNO3(aq), both at 21.9 °C, are mixed in a
coffee cup calorimeter, the temperature increases to 23.5 °C as solid AgCl forms. How much heat is
produced by this precipitation reaction? What assumptions did you make to determine your value?

q(lost) = q(gained)
q(lost by chemial rxn) =—|q(gained by solution)+ q(gained by calorimeter)]
— > assume no heat absorbed by calorimeter
q(rxn) = g(solution)
— > assume solution has same specific heat as water
— > assume solution has same density as water
(100g+100g) 4.184J (23.5-21.9°C)
g°C

q(rxn)=msAT =

q(rxn)=1338J =1340J



Bomb Calorimetry

Ls SEALED... used to det’'n Heats of Reaction
Ls can produce large pressure, hence the term “bomb"

(EX) Calc heat of combustion [ex 5.7b]
¢When 0.963 g of, is burned in a bom ter, the temperature of the calorimeter
increases by 8.39 ° e bomb has a heat capach and is submerged in 925 mL of water. iHow 5

il_as-r - %Cﬁ\wip v /

ﬁ R\ ~ C(Suw\l?/ﬁ&i ‘(jbﬁ/
\; CAT  ddn S

q(lost by chemial rxn) = —[q(gained by solution)+ q(gained by calorimeter))

— > assume solution has same specific heat as water

\)

— > assume solution has same density as water
925g 4.184J 8.39°C +[784J 8.39“C]
g(\C ()C
q(rxn)=39,048J = 39.0kJ

q(rxn)=msAT = [



Enthalpy [5.3]

CHEMICAL THERMODYNAMICS - deals with HEAT-WORK-OTHER AE in realtion fo chemical and
physical phenomena

1st Law of Thermodynamics — Internal Energy

&— Uit UAL

L= = (Mx‘-l-w*ﬁhm/ﬁ-/)3¢k.
Co  Ha /gy Lt = M/«;% Cansd <— Vs v Sure

& A()\’=46fr(.s—

4@ kb

ok |2ores  SurroundingsSyS 2xpads
“ Sys Pushes suuts pulde |
W

(’) Gout by L
\AU<O/Q.) W 9:(H
System
AU>0
() n Won (+) D)
ek 2udws AU=qg+w sys shranks shvinles
W= (5

+ positive q is heat flow in; negative g is heat flow out
+ positive w if work is done on the system; and negative w if work is done by the system.



Enthalpy (Heat under constant pressure conditions)

H=UuUu+ ¢V é—avLi'\'vﬁb Def .
cant wasine Hothhg,\l/ bl cam moasye LGt

AH = AU + PAV + VAP
@aay\uak;omssml AP = 8 o~ P-l

A= AU +PAV
PAV = —w— M ok W ax orﬂ”’h &91«9,6, 0‘4-6
€ Asyy =) tam Sv5 axpands,
Hon Sys does ook o s, o L=

AR = An + PAV S Spansin wale
> (%f.(- to) + (—w)

w&-'w—\w{ Az g | Cebdpy = Nk @ P=k
WML\_L_ P




Enthalpy as Reactant (or Product): Three useful conventions to remember

@

Equation multiplier

'AH- \s assoctq,'\%& L.-vkL\ ~ PW&:CMKAV c'_l\-c..w\.\r_& %./
Wit SFJ.c.I—c\'"A cae#ﬁczm‘ks.
* Al ¢ ExTEsWe \avopw‘-j ) =‘9(am:(-\, and o_\r\a.vLj WMo
coellicren K muans chmg:ng__ M vglue p o ‘mﬁibma(ct(‘j.
Moto)x 203 68 —2 R0 () AH = a5 kT
\[lxl Jxz
2K, ) + 021Gy — 2h000 AW —572kT

@

Phase often matters

C()ut sy ave alse speafe K ‘o(us& (S,,V,S,%)_

NG
AS



®
Sign of AH as it relates to EXO/ENDO reactions

€ minnan

gﬁb\ .‘G AL\ UNIVERS < ST
5‘75;)'5;(':“ —& W avwin~ 4\—-—
—_ 14 AH’— L_\ 7 ‘-\‘(l.\/\ {3(_? . way meA~ eENT ceole é’_—‘% =&)
wrike as ?(‘OO&Q\

- TS M=®) | Al ZWDO
prite. as  CSACTANT

P i A
o 4
A —DB fh= -30LT A—> B A4 =RoLT
7 Nz
A —B + 300kT SOLT + A —>

* Two types of problems
> AH for rxn given, calc AH for given quantity of material
> AH for quantity of material given, calc AH for rxn



Two Types of AH Stoichiometry Problems

(1) Amount of heat (AH) given for a specific quantity of reactant or product
(2) Amount of heat (AH) given for a specific reaction equation

Solutions

(1) Amount of heat (AH) given for a specific quantity of reactant or product

+ Ratio an amount of reactant or product to the amount of heat generated/consumed
+ Use that ration as a CF, and use Dimensional Analysis to solve

(2) Amount of heat (AH) given for a specific reaction equation

+ Use traditional stoichiometry to calculate the heat generated/consumed by a
specific amount of reactant or product
* The “box” belongs below the in-line heat value (i.e., in the mole hole”



(EX) AH for quantity of material given, calc AH(rxn) [ex 5.9]
$A gummy bear contains 2.67 g sucrose, C41H,,04;. When it reacts with 7.19 g potassium chlorate, KCIO; ,
43.7 kJ of heat are produced. Determine the enthalpy change for the reaction, if sucrose is in excess...

Cq2H2,044 + 8 KCIO; —> CO, + 11 H,0

(1) Amount of heat (AH) given for a specific quantity of reactant or product

+ Ratio an amount of reactant or product to the amount of heat generated/consumed
* Use that ration as a CF, and use Dimensional Analysis to solve



1}
(EX) AH for quantity of material given, calc AH(rxn) [ex 5.9]
¢{A gummy bear contains 2.67 g sucrose, C;1H,,041. When it reacts with 7.19 g potassium chlorate, KCIO; ,
43.7 kJ of heat are produced. Determine the enthalpy change for the reaction, if sucrose is in excess...

C12H22011 + 8 KC|O3 —_—> COQ + 11 HQO

. wde L
ERLPY T 437 LT

2.6%F 9
C a Hax0y 4 FAO, —> A2, + U Hyo + [ ]

§el¥e | sare =|5e0kT

k3= 4373 |\7.1.S;.l¢c— |
FAxgpe | Lwlicc |

Mm P

MIX v~gn

CF



(EX) AH for quantity of material given, calc AH(rxn)
¢When 2.61 g of dimethyl ether is burned at constant pressure, 82.5 kJ of heat is given off. What is AH(rxn)?

\ 2
—
328 k7 N
g 2(.(3_

CROCH, * B, —> 200, + 3420 ¢ AG«/\-’V\

Dk _ 55k |

wad Vn |
Dl | mskl |4eamt | (wdMe |45y Kl wan
wod Ve 2blg Mg | {walMe | L wdmn




Standard State: The Reference Point for Thermodynamic Calculations

skundodd sl = vefoana pivt = 0'¢ = Spludhe)
s Qj«)) P=A ba = 0.43%F ahun
S (ag) M:AM
e (5,%} yave STP
- "°_" ndicadeg  S4A siide
() Al—(t;_q c ecowes wndw skd stk @ 298k
= AW = " N - st - s doke conditions
v Cele vaachkon P (P 25\ /287)
G dubed Alin by auts (wdes) 4 vedst s
L \“w&}\ (WTser  pupsdy a2 SxtanSwve  pop
AY ok % woles
"LMLoJows 4 Oeasay (1/«’(4/05(:&)
Bume Mass (4¢T) awd Volwws (4xT)




Std Enthalpy of Combustion, AHc®

Ls If AHc® given, then often becomes a probem of the type:
‘AH for rxn given, calc AH for given quantity of material’

2M + O, = 2MO AW = —#
e oxida_ (_QXD\

Examples

I"‘Q«« Auti (b—/wk)

cqv‘guv\,C -313.5
M‘l -60(.6
Ch4 ~%90. 8 3 ablest natudl clam, Flare
HCzaw ~1,3010. L 7 (3e0 ¥ 33307/ 1020°F)
i-Cg “SHLl = futep (0%C/ 5o F)
ok Rt <_\ Taxr Bosle  4X .

A’SWA-L'- ‘quM T&w)p'evc'\""‘ri
Nated gaxn 2,030 ¢
Koo 2,013



(EX) AH for quantity of material given, calc AH for rxn [ex 5.10b]
¢{How much heat is produced by the combustion of 125 g of acetylene, givenJ/moI @
25°C?

(25 g A
Csz + 02 - COz + HQO + 1301.1 kJ & izf/J N— é:{/" Jrs-
i A

)N

H{iey C(2se Gl [ e Cm‘ﬁ/ AN
] 9%_[ pd Oz

k3 = 12534 | [ el | | v | 1301.) k3™ _ 6255 - |{.25 x¢o3lzr
| 2605 | [wl | [wten




Standard Enthalpy of Formation

G £5360ally | e anoinl o€ MAL 3 ks b predia. 1 wle of
€0 myurd L “ samedely ( elonads 3, q.ssu«.:.,‘l:k(
Lo Sih Tnddpy, A Spmaiom 4 cadn shenad is zoo (unless
oy win  naled ).
CGs) 4 02(Q) —> Co, G) AUE= -3BsET
7N & 0oy —> WD, () +33.2 kT

/ (\o 231
(A?efpo 1K 6)

(EX) Write AHf Reaction [ex 5.123]
¢ Write the heat of reaction for C,HsOH, ethanol?

Using APPUDIX G dadn:

2 C(s) + 3Hy(g) + %2 05(9) > CoHsOH(O)  atg = -274¢ ki

Ly I



Rack-n-stack two or more equations so the sum equals a

Hess’s Law _ _
Target (desired) equation.

o

Do = AR« MMy« Aks = ZAal, .

“~

A C(s) + Oa(9)

Enthalpy of
reactants

AH =-111kJ )
Y CO(9) +202(9)

Enthalpy change

AH =-393.5 kJ of exothermic reaction
in 1 or 2 steps

AH =-282.5kJ

H increasing

Enthalpy of
CO(9) products

AH a3
O Gy *+ 0.) = W ¢) -394 kv
@ (o) *%_Dtcgs-—aCOc;,) =1
Deoln132%6 — B, @ -293

Co) + 0aG) — 6y -3¢ L




(EX) HESS (2-tier+rev+multiplier) [ex 5.13b]
¢ Calc A H(rxn) for the equation: N, (g) + 2 0, (g) — 2 NO, (9)
given,

@ Na(g + O,(g) = 2NO (9 SH 0.5 kS, /w& o
(b) NO, (g) = 2NO(g) + %2 O, (9) + 6706 L’)‘%& e

Gy —> M o+ 20, 2 2W0 e ~ T\

|
Ny x 0o —b 2M + [0S
M—\- O - —:‘32*“1— 'J—Q—S?.OO

Ny & 2.0, JF N0, b6 4hy

Ny ¢+ 3, — 200 80,5 L3
Z(UO + 10, —5 ,UOL) L(-szf,oé) ks

Mo + D, —= Wb 0.5 kI~
Ty £ 0, — 240, -4l
Nyx 20, —> 200, +{b.4 LT




Hess’ Law and AHf° Combined

A +B —-C +D
Mo M) AH© AGe) DI, (m)-_[Aa\;@ + SOl - £8;0)
—

/ BRS )= S n A5 Coran) — 5w Al Comterd

(EX) Hess: Calc AH° from Reactant & Prod AHf° values [5.15b]
¢ Calc AH(comb) for 1 mole of ethanol, C,H;0H(£), given AHC°(form) value for C,HsOH(2) (278 kd/mol),

H,0O (-286), and CO, (-394)?

&u:.shnn - Pags oot = Allg=8 .
S 1 ClUgoH 430, —> 2004 3H,0 + 1368 £D
1 (22 38 2034 3(-230
Pvd r-e.’-d‘
Aty = [RoBL- T = |[2 Coad + 3 Co3RHL s(-2o8d +3GL
- [-73% + -t3)¢ [+2%]
> L-1646]1 + [22%3
M = =1308 LT/l rxn

Vw




Exam Review Practice Problems

(EX) Calculate AH(liberated) based on AH(std rxn)
¢How much heat is liberated when 0.113 mole of sodium reacts with excess water, according to the

equation what has a AH(rxn) value of -368 kJ/mol rxn?

® rta lbadd’
K"n\' © sign is“—" 3¢9 _\L

2 MaGy + 2 W0 (@) — ooy + 2Wa0H 4 3(3 kT

0.n3 ]
[ kT = o0l med b | 33T 2 g3 kT .| —255kT
=0V = /'—— -
oo
[ JkT = 013 me Ma |—3l? k3 2| e2g.3 kT
| 2 nel Now I'-lﬂlyM

T6 o soys ‘T b * o "T Gar” goun ’g’lo)

Yo a= vapusble Ao ko yhcen Lon naed o

Cavant W A wad pblon vy st shike 4o wilea
chedd Hhoi acdh. (+%2)

ax0 Hop g ) qumu/ a pl/\w.vz suda a3 ”filﬂ-ﬂr'aier"
7 1S 9ilren p'E‘f" nay ke uy-sl. Adod Ao accodk (—3?'03/ av

&6V



(EX) Calculate exotherm from AH data
¢How much heat is given off when 24.2 g of Al is oxidized to aluminum oxide at 25 °Ca nd 1 atm? (AH°® = -
3352 kJ/mol rxn)

240y
brs + 30,— 2 Af,0_ + 3352 kT

[J k3 = 242945 | [mal &L | mobvwn | -3352kS [ 752 kT
| 26035 A% | £wet A | w0l vn

(EX) Calculate AH°(formation) data
¢ Given the following equation, determine AH°f for HBr?

l-\¢_ X Bv,_ — 246y, AY® = - F5.2 U/mkw(,\

by dafin - vaw"‘

"

\‘/

B, + B, —o phe A8° = 3 (280 = |-36.4 Fhat was




(EX) Hess’ Law

¢ Calculate AH for formation of CO given the following:

C 40, — <0, M=3B5LT
cox+ D, — co, 2830 kT
hove do AOD side \“/

I
C 50, — L 3435
o, — +iY, -2393.0

C. + "D — o ~WosET

C+ Do

=110.5
.
JCO+2 02

=3935

~233.0
Co,




LXK HESS (3 dier + veone & meal biplin-)
£ Gle Al Gv: €+ Uy — CHy |, gqiven

T, Au o el
CQ) < >0, — C.ay_ - 33.5 < 1dos , AND
QO) H:. + 922 —— NZ_D <\< -235.8 ’O‘L., mush  Rar Sawne Coef{.
CC)\,C\& X 20, —> @, +24,0 -31%.3 e revendr vxa (<)
PeopueT U
C AR — Co5 ~3q2 <
Wk By — Ut 2 (~285¢)
L Al —= g 429, +30.3

CHad, S clg - 748 WS



(EX) Hess’ Law
¢ Calculate AH(rxn) for the reaction:

Coll 4 4 H22 () —  Cuhgod @)

vl g 3 _bw (Vi)
ow  Peomuct-sh. Ca Rsod (1) « 20, = 20, + 3 Hyd —13(2
Collg * 30, —7 2Co, ¥ 2LH,0 - 14\
haeds do ke
on RRACT - srfa ‘U’

2}}({9_—\- L;Q\,,o — G HsOBRD+ 36, 4+ 1367

CaMy ¥ 388 T 2464 20 - 1411

(2”4( + H,0 &3 —> C(,HsoH (23 ‘44"841

-44 |



{'X'\ C‘b&- Auvm—\ —pvn—- A#-COMMION 'Do.'(-h
¢ Cule Ao, for 4l -Qoll.ou.\s N, Wik AQQ Vs
B o Adn bl ?
Mg Ccligstd = ~27 2.7 DL ;5 (GHy) -

CHe + o —= R 0H
NA,[: +52.3 — 255 .3 - 233,74

Ab o = 2729 - [52 3+ Laas )
Mg = 2772723~ L2ms]
M > — H2 TN






