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Big Idea #5
Thermochemistry




Source

Bond Energy, Length & Strength

m Bond strength is determined by the distance between the atoms in a
molecule and bond order. Multiple bonds(double, triple) shorten the
distance & increase the force of attraction between atoms in a molecule.

m Bond Energy is always ENDOTHERMIC -the energy needed to break the Video
bond.

Single Bond Energies (kJ/mol of bonds) 3 Factors : .
H C N O S F Cl Br I 1) Size: H-Cl is potential i I
1; i: » smaller than energy @ 9
N 391 305 163 H-Br Tom r
O 463 358 201 146
s w7 o2 — — 20 2) Polarity: HCl is
F 565 485 283 190 284 1556 1 than H— attractive forces
Cl 432 339 192 218 255 253 242 more po ar
Br 366 285 — 201 217 249 216 193 C orces”
I 299 213 — 201 — 278 208 175 151 436 F--------- :
Multiple Bond Energies (kJ/mol of bonds) 3) Bond Order < QQ moststable stare
C=C 602 C=N 615 C=0 799 (length) C:C \
C=C 835 C=N 887 C=0 1072 . .
N=N 418 N=0O 607 involves more e- 1s Lowest PE =Bond Energ'y
N=N 945 0=0 498 shorter than C-C.

LO: 5.1 The student is able to create or use graphical representations in order to connect the dependence of
potential energy to the distance between atoms and factors, such as bond order and polarity, which influence

the interaction strength.


http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/09._Chemical_Bonding_and_Molecular_Structure/9.01:_Molecules:_Properties_of_Bonded_Atoms
https://www.youtube.com/watch?v=I9jd1Ew_YGU

LO 5.1 Practice FRQ

from 2005 B
1)

(c) The bond energy of the carbon-to-sulfur bond in CS, is 577 kJ mol™". Is the bond energy of the carbon-to-
selenium bond in CSe, expected to be greater than, less than, or equal to this value? Justify your answer.

Reveal Answer




LO 5.1 Practice FRQ

from 2005 B
1)

(c) The bond energy of the carbon-to-sulfur bond in CS, is 577 kJ mol™". Is the bond energy of the carbon-to-
selenium bond in CSe, expected to be greater than, less than, or equal to this value? Justify your answer.

The carbon-to-selenium bond energy in CSe, 1s less than
the carbon-to-sulfur bond energy in CS, because Se hasa
larger atomic radius than S . Because Se 1sa larger

atom, the orbital overlap between the Se and C will be
smaller than the orbital overlap between S and C. One point 15 eamed for the explanation.

One point 1s earned for indicating that the
(C-5e bond energy 1s less than the C-5
bond energy.




Source

Maxwell —Boltzmann Distributions

m Temperature is a measure of the average Kinetic
Energy of a sample of substance.

m Particles with larger mass will have a lower
velocity but the same Average KE at the same

Temperature. Video

m Kinetic Energy is directly proportional to the Low T
temperature of particles in a substance. (if you
double the Kelvin Temp you double the KE) High T

m The M-B Distribution shows that the distribution of

) Activation
KE becomes greater at higher temperature.

Energy

m The areas under the curve are equal and therefore
the number of molecules is constant

Humber of molecules

m Increasing Temperature (KE) increases the number Kinetic Energy
of particles with the Activation Energy necessary
to react.

m Activation Energy is not changed with temperature
but may be changed with a catalyst.

LO 5.2: The student is able to relate Temp to motions of particles in particulate representations
including velocity , and/ or via KE and distributions of KE of the particles.


http://www.digipac.ca/chemical/mtom/contents/glossary/k.htm
https://www.youtube.com/watch?v=glSIFkGl63E

LO 5.2 Practice FRQ

from 2011 B
2)

(b) Consider the three gases in the tank at 327°C: CH,OH{g), CO(g), and H,ig).

(i) How do the average kinetic energies of the molecules of the gases compare? Explain.

Reveal Answer

(11) Which gas has the highest average molecular speed? Explain.

Reveal Answer




LO 5.2 Practice FRQ

from 2011 B
2)

(b) Consider the three gases in the tank at 327°C: CH,OH{g), CO(g), and H,ig).

(1) How do the average kinetic energies of the molecules of the gases compare? Explain.

The average kinetic energies are the same because all three gases | point 15 earned for the
are at the same temperature. correct answer and explanation.

(11) Which gas has the highest average molecular speed? Explain.

KE= lmvz, so at a given temperature the molecules with the o
2 | point 1s earned for the

lowest mass have the highest average speed. Therefore the correct answer and explanation.

molecules in H, gas have the highest average molecular speed.




Source

Thermodynamic vocabulary

Universe: The sum of the system and surroundings
System: The species we want to study

Surroundings: the environment outside the system

Endothermic: Heat flows to the system from the surroundings (surroundin}ér;giefO
temperature drops-i.e. beaker feels cold)

m Exothermic: Heat flows from the system to the surroundings. (surroundings
temperature rises-i.e. beaker feels hot)

System Boundary

¥

Thermodynamic |
System »

Thermodynamic
System Thermodynamic
Surroundings

Thermodynamic
Surroundings

LO 5.3: The student can generate explanations or make predictions about the transfer of thermal energy
between systems based on this transfer being due to a kinetic energy transfer between systems arising from

molecular collisions.


http://www.learnthermo.com/T1-tutorial/ch01/lesson-C/pg02.php
http://www.learnthermo.com/T1-tutorial/ch01/lesson-C/pg02.php
https://www.youtube.com/watch?v=jR8vZHtOLdA

LO 5.3 Practice FRQ
3y from 2010

A student performs an experiment to determine the molar enthalpy of solution of urea, H,NCONH,. The student
places 91.95 g of water at 25°C into a coffee cup calorimeter and immerses a thermometer in the water.
After 50 s, the student adds 5.13 g of solid urea, also at 25°C, to the water and measures the temperature of the
solution as the urea dissolves. A plot of the temperature data 15 shown in the graph below.

26.0
= 25.0 N\
) \
2. 1
o 24.0 \
=2 LY
g \
2 230 Y
N\
= Y
22.0 S
21.0 t
0 50 10K}
Time (5)

(b) According to the data, 1s the dissolution of urea in water an endothermic process or an exothermic process?
Justify your answer.

Reveal Answer
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3) from 2010

A student performs an experiment to determine the molar enthalpy of solution of urea, H,NCONH,. The student
places 91.95 g of water at 25°C into a coffee cup calorimeter and immerses a thermometer in the water.
After 50 s, the student adds 5.13 g of solid urea, also at 25°C, to the water and measures the temperature of the
solution as the urea dissolves. A plot of the temperature data 15 shown in the graph below.

26.0

25.0

24.0 \\
23.0 \
22.0

""hq..__-_

Temperature (°C)

21.0

0 50 100
Time ()

(b) According to the data, 1s the dissolution of urea in water an endothermic process or an exothermic process?
Justify vour answer.

Thg process Is endntherrmf:. The dgcreasg in temperature One point is earned for the correct
indicates that the process for the dissolution of urea in . e

. choice with justification.
water requires energy.




Source
Heat Transfer

m Kinetic energy transferred between particles of varying
temperature is heat energy.

m Heat flows from particles of higher energy (hot) to those of .
lower energy (cold) when particles collide. Video

m When the temperature of both particles are equal the
substances are in thermal equilibrium.

m Not all particles will absorb or
release the same amount of heat
per gram.

Heat flow

m Specific Heat Capacity is a
measure of the amount of heat
energy in Joules that is absorbed
to raise the temperature of 1 gram
of a substance by 1 degree Kelvin.

m Heat transfer can be measured g=mc AT

LO 5.3: The student can generate explanations or make predictions about the transfer of thermal
energy between systems based on this transfer being due to a kinetic energy transfer between

systems arising from molecular collisions.


http://www.physicsclassroom.com/class/thermalP/Lesson-1/Methods-of-Heat-Transfer
https://www.youtube.com/watch?v=B6hAwZH2mmA

LO 5.3 Practice FRQ continued from 2010

4)

(c) Assume that the specific heat capacity of the calorimeter 1s negligible and that the specific heat capacity of
the solution of urea and water 15 4.2 J g~! ®*C~! throughout the experiment.

(i) Calculate the heat of dissolution of the urea in joules.

Reveal Answer




LO 5.3 Practice FRQ continued from 2010

4)

(c) Assume that the specific heat capacity of the calorimeter 15 negligible and that the specific heat capacity of
the solution of urea and water 15 4.2 J g~! ®*C~! throughout the experiment.

(1) Calculate the heat of dissolution of the urea in joules.

Assuming that no heat energy 1s lost from the calornmeter

and given that the calorimeter has a neghgible heat capacity, One point is ed for the

the sum of the heat of dissolution, g, ;, and the change in correct setup.

heat energy of the urea-water mixture must equal zero.
One point 15 earned for the

+meAT=0 = == mcAT _
soln Hsaln correct numerical result for the

m, =513g+9195g = 97.08¢g heat of dissolution.

Gooty = —(97.08 g)}4.2J g~ 1°C1)(-3.2°C) = 1.3 = 107 ]




Source

Conservation of Energy

m 1st Law of Thermodynamics: Energy is conserved

m Energy can be transferred as Work or Heat

m AE = qt+w Video

m Work = -PAV (this is the work a gas does on the surroundings i:e the
volume expanding a piston) a gas does no work in a vacuum.

/ )

Work (w) Heat(q)

AEg.=+

Surroundings

LO 5.4:The student is able to use conservation of energy to relate the magnitude of
the energy changes occurring in two or more interacting systems, including
identification of the systems, the type (heat vs. work), or the direction of the energy

flow.


https://www.chem.tamu.edu/class/majors/tutorialnotefiles/law1.htm
https://www.youtube.com/watch?v=fe_fFFrVl7U

Source

Conservation of Energy

System does work w = —PAV
on surroundings as gas expands,
pushing piston up distance Ah

P =F/A P =F/A Video

m Expansion/Compression
of a gas

m Volume increases, work
i1s done by the gas

Volume @ Volume decreases, work

Gas enclosed change is done on the gas

in cylinder

Cross-sectional
Initial area = A Final
state state

© 2012 Pearson Education, Inc.

LO 5.4:The student is able to use conservation of energy to relate the magnitude of
the energy changes occurring in two or more interacting systems, including
identification of the systems, the type (heat vs. work), or the direction of the energy
flow.



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Thermodynamics/Path_Functions/Work
https://www.youtube.com/watch?v=qVAvmieRM1E

Source

Conservation of Energy when
Mixing

m Energy is transferred between systems in contact
with one another Video

m Energy lost by one system is gained by the other
so that total energy is always conserved.
T,>T,
m -Q lost by system = +Q gained by surroundings
T

m For example
. transfer out ransfer in
m When room temperature water T1 (system) 1s

mixed with cold water T2 (surroundings), the
final temperature T3 will be in-between.

m Q1+ Q2=0and energy is conserved T ST

LO 5.5:The student is able to use conservation of energy to relate the magnitudes of
the energy changes when two non reacting substances are mixed or brought into
contact with one another.


https://www.learner.org/courses/chemistry/text/text.html?dis=U&num=Ym5WdElUQS9PQ289&sec=YzJWaklUQS9OeW89
https://www.youtube.com/watch?v=SAR-5wdQKSY

Source
Calorimetry: an experimental technique used to determine the

heat transferred in a chemical system. System can be a chemical
reaction or physical process. -

, , Coffee Cup Calorimeter
> Can use Calorimetry to solve for Heat Capacity of a

calorimeter (C),, specific heat of a substance, (c), and
AHvap, Afus, AHrxn.

> The data handling and math: Stirrer

Video

Thermometer

m Law of Conservation of Energy: Q system +
Qsurroundings = 0

m Qsystem = - Qsurroundings where System = insulated
reaction, Surroundings = calorimeter Stopper
B SO:Q rxn = - Q calorimeter i
m Heat Transfer due to Temperature Change in the — ; Nested
Calorimeter: Reaction | -3 Insulated
Cups

= Q= CAT,or Q= mc AT where QinJ,CinJ/K,ming, Mxiure
cin]/g-K, AT inK

B Qrxn=-Q calorimeter = - CAT if the calorimeter
Heat Capacity is Known, or can be determined. Flgue 71, Cofies Cip Chlerimaes
When a chemical reaction occurs in the coffee cup, the heat
generated by the reaction will be absorbed by the water in the cup.

Because Styrofoam is a good insulator, nearly all the thermal energy

B Q rxn = - Q calorimeter = - mcAT for reactions in

solution. from the reaction will stay in the cup and not be lost to the
. . surroundings during the experiment. (Unit 7, Section 7)
» When calculating oH, must take into account the © Science Media Group

mass of reactant that caused Q rxn.

LO 5.5:The student is able to use conservation of energy to relate the magnitudes of the energy changes when
two non-reacting substances are brought into contact with one another.


https://www.learner.org/courses/chemistry/visuals/visuals.html?dis=U&num=Ym5WdElUQS9PQ289
https://www.youtube.com/watch?v=JuWtBR-rDQk&nohtml5=False
https://www.youtube.com/watch?v=JuWtBR-rDQk&nohtml5=False

LO 5.5 Practice FRQ
fromng 16

A student investigates the enthalpy of solution, AH_,, , for two alkali metal halides, LiCl and NaCl. In
addition to the salts, the student has access to a calorimeter, a balance with a precision of £0.1 g, and a
thermometer with a precision of £0.1°C.

(a) To measure AH_, for LiCl, the student adds 100.0 g of water initially at 15.0°C to a calorimeter and
adds 10.0 g of LiCl{s), stirring to dissolve. After the LiCl dissolves completely, the maximum
temperature reached by the solution 1s 35.6°C.

(i) Calculate the magnitude of the heat absorbed by the solution during the dissolution process,
assuming that the specific heat capacity of the solution is 4.18 J/{g-°C). Include units with your
Answer,

Reveal Answer




LO 5.5 Practice FRQ
fromS?O 16

A student investigates the enthalpy of solution, AH_,

]

. tor two alkali metal halides, LiCl and NaCl. In
addition to the salts, the student has access to a calonmeter, a balance with a precision of £0.1 g, and a
thermometer with a precision of £00.1°C.

(a) To measure AH_, for LiCl, the student adds 100.0 g of water mitially at 15.0°C to a calorimeter and
adds 10.0 g of LiCl(s), sturing to dissolve. After the LiCl dissolves completely, the maximum

temperature reached by the solution 1s 35.6°C.

(1) Calculate the magnitude of the heat absorbed by the solution during the dissolution process,
assuming that the specific heat capacity of the solution 1s 418 J/{g-°C). Include uwmts with yvour
Answer,

g= Mf'nﬁ.T:{ 110.0 E]HIE JI{EDC}HJE&DC _ |5Duc‘} | 'pnint 15 earned for the correct Setup.

| point 1s earned for the

=94701=94Tk) correct answer with units.




Source

Chemical Systems undergo 3 main processes that change their energy:
heating/cooling, phase transitions, and chemical reactions.

Heating Curve

KE: constonk
PE Increascs

(1) to (g)
boilirg | eNaporation

S

PE conshont

boiling point-

Temperature

(0

() 5 et

KE: corstont
PE: Increases

(s) to (1)

melting point-
KE: inowase;

PE: cond

KE:decreoses
PE: constont

(8)
(g) to (1)
condensohion

xe: corstort
PE‘decreases

boiling point-|

Temperature ke:decreases (1)
(oc) PE: corstont Ke: corstont

PE decreayes

melting point- | -

Treevng|

solidification

Time

1. Heat Transfer due to Temperature Change: (kJ)
Q= mcorl
m= mass (g), c= specific heat capacity (J/g-AC), o= Temp.
change in AC
Q is + for Heating, - for cooling

Video

2. Heat Transfer due to Phase Change: (kJ/mol)
Q= gqH phase change

Q phase change = + for gH fusion, gH vaporizing, gH
subliming, - for gH freezing, gH condensing, gH deposition

3. Q for a chemical reaction at constant pressure = gqH
rxn

When calculating gH rxn from Q, remember gH rxn must
agree with the stoichiometric coefficients in the reaction.
Units of gH rxn are kJ/mol rxn.

4. When a gas expands or contracts in a chemical
reaction, energy is transferred in the form of Pressure-
Volume work. W= -PqV (I-atm)

Gas Expands i Does work on surroundings (system loses
energy)

Gas Contracts i Work done on the gas (system gains
energy) No change in volume, no work done.

LO 5.6: The student is able to use calculations or estimations to relate energy changes associated with
heating/cooling a substance to the heat capacity, relate the energy changes associated with a phase transition
to the enthalpy of fusion/vaporization, relate energy changes associated with a chemical reaction to the

enthalpy of the reaction, and relate the energy changes to PqV work.


http://www.worldwisetutoring.com/heating-and-cooling-curves/
http://www.worldwisetutoring.com/heating-and-cooling-curves/
http://glencoe.com/sites/common_assets/advanced_placement/chemistry_chang10e/animations/enm1s3_4.swf

Calorimetry: an experimental technique used to determine the heat ~ SQUIce
transferred in a chemical system. System can be a chemical reaction
or physical process.

Question:
6) A student is using a calorimeter made from a polystyrene cup and a thermometer to
determine the specific heat capacity of an unknown solid. The cup was weighed, then
filled with 100mL of water. After the water reached equilibrium with the room the Video
temperature was measured at 25.0°C. A piece of the unknown metal was found to
weigh 50.0 g, the solid was heated to 100.°C. After the solid was placed in the water the
temperature of the water reached a maximum temperature of 40.0°C. Durning the
experiment the student failed to put a top on the cup, how would this have affected the
calculated value for the specific heat capacity of the unknown solid.

a. The calculated value would be too large because of the heat absorbed from the
surroundings.

b. The calculated value would be too small because of the heat lost to the
surroundings.

¢. The calculated value would be too large because of the heat lost to the
surroundings.

d. The calculated value would be too small because of the heat absorbed from the
surroundings.

e. The calculated value would not be changed.

©2011, Aaron Climme, Lcarn:\l’Chcmistr_v.cum

LO 5.7 The student is able to design and/or interpret the results of an experiment in which
calorimetry is used to determine the change in enthalpy of a chemical process.

(heating/cooling, phase transition, or chemical reaction) at constant pressure.


http://www.learnapchemistry.com/potd/problem.php?pc=47c090b3fca47b99118e7653c667e609
https://www.youtube.com/watch?v=DLi72thhck4

Calorimetry: an experimental technique used to determine the heat Source

transferred in a chemical system. System can be a chemical reaction
or physical process.

Question:

6) A student is using a calorimeter made from a polystyrene cup and a thermometer to
determine the specific heat capacity of an unknown solid. The cup was weighed, then

filled with 100mL of water. After the water reached equilibrium with the room the Video

temperature was measured at 25.0°C. A piece of the unknown metal was found to

Answer:

The correct answer is “b”, the calculated value would be too small because of the heat
lost to the surroundings. As the temperature of the water increases energy will be lost to

the cooler surroundings. Having a top on the cup will minimize that loss, with out the

cup the measured temperature will be lower than it should be, giving a lower value for
the specific heat capacity.

ated value wo
surroundings.
e. The calculated value would not be changed.

LO 5.7 The student is able to design and/or interpret the results of an experiment in which
calorimetry is used to determine the change in enthalpy of a chemical process.

(heating/cooling, phase transition, or chemical reaction) at constant pressure.



http://www.learnapchemistry.com/potd/problem.php?pc=47c090b3fca47b99118e7653c667e609
https://www.youtube.com/watch?v=DLi72thhck4

Source
The net energy change during a reaction is the sum of the energy required to

break the reactant bonds and the energy released in forming the product
bonds. The net energy change may be positive for endothermic reactions
where energy is required, or negative for exothermic reactions where energy is

released. Activation Activation
4 energy 4 energy
Any bond that can be formed can be broken. = -
These processes are in opposition. (their enthalpy ° ] .
changes are equal in magnitude, opposite sign) 5 o 0 . Video
> @H bonds $H ENDDEHERMIC (+) 5 | Reactants s \"'""”“‘5
energy
> PH bonds —>fEXOTHERMC (-) E energy /: E Romctnts ahsorbed
. ~ -] eactanis
> TofindeHr x napply Hesso6s L an|released o
> E)pHdr fﬁCpH ()b onds br efgkdi ng Reaction Progress Reaction Progress
onds forming (- ]
9 Exothermic Endothermic
reaction reaction

To calculate or estimate qpH r Xrom Bond
Energy: _ If a reaction is EXOTHERMIC, there is a net
1. Draw the Lewis StructufdeasePehérdy, sinfem@dkér béhlsbiehk and

double and triple bonds!

. stronger bonds form. P oducli has higher kinetic
2 Add up @H bonds brea k ' nelqe'rg?/ é\ntg _owver ﬁote tilél‘]e ergy than reactant.
3. Add up o®@H bond-gkJ)f or mi ng. t 0s

4. Add the two terms. Units are kJ/mol rxn.
If a reaction is ENDOTHERMIC, there is a net

To calculate qHA, . from a table of standard absorption of energy, since stronger bonds break,
enthalpies of formation: and weaker bonds form. Product has lower kinetic

o H, = Ep H products - Ep H reactants energy, and higher potential energy than reactant.

LO 5.8: The student is able to draw qualitative and quantitative connections between
the reaction enthalpy and the energies involved in the breaking and formation of

chemical bonds.


http://cammyscomiccorner.com/photowfd/enthalpy-level-diagram
https://www.youtube.com/watch?v=DbzXKxp4V-Q

LO 5.8 Practice FRQ

frorn7g003

Answer the following questions that relate to the chemistry of nitrogen.

(a) Two nitrogen atoms combine to form a nitrogen molecule, as represented by the following equation.

2N(g) = Nig)

Using the table of average bond energies below, determine the enthalpy change, AH. for the reaction.

Bond Average Bond Energy (kJ mol™)
N—-N 160
N=N 420
N=N 950

Reveal Answer
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frorn7?003

Answer the following questions that relate to the chemistry of nitrogen.

(a) Two nitrogen atoms combine to form a nitrogen molecule, as represented by the following equation.
2N(g) — Nig)

Using the table of average bond energies below, determine the enthalpy change, AH| for the reaction.

Bond Average Bond Energy (kJ mol™)
N—-N 160
N=N 420
N=N 950

| point for correct sign

AH = =950 k]
| point for magnitude

The reaction 1s exothermic because the chemical equation shows
the formation of the N = N bond.




Source

Electrostatic forces exist between molecules as well as between atoms
or ions, and breaking these intermolecular interactions requires

energy.
The Stronger the IMF the more energy required to break it, the Higher the Boiling
Point, the Lower the Vapor Pressure.

Intermolecular Forces Listed from weakest to strongest. Thus the boiling points and vapor Video
pressure of molecular substances can be ordered based on IMF strength: -

1. Dispersion (Induced Dipole- Induced Dipole): Caused by distortion of electron cloud. The larger the
Weaker IMF, electron cloud, and the more surface area, the more polarizable the cloud, the stronger thg dispersion
Lower Boiling, force. Thus the boiling point trend in halogens is I, >Br,>Cl,>F, and n-butane (30.2AC) has a
higher boiling point than isobutane (-11 AC). All substances have dispersion forces, as all
electron clouds distort. Nonpolar molecules and atoms have only dispersion forces, as they have no
permanent dipoles.

Higher Vapor

2. Dipole- Induced Dipole: Occurs between a polar molecule (HCI) and a nonpolar molecule. (Cl,) The
nonpolar mol ecul eds c¢cloud distorts when affected by a dipol e.

3. Dipole-Dipole: Occurs between 2 polar molecules. (HCI-HCI)

Hydrogen Bond: An extreme case of Dipole 1 Dipole. Occurs between molecules containing a H
covalently bondedto FO, or N. The fi b o nataurs between the lone pair of F, O, or N, and the H

Stronger IMF, L
HickerRoilino which is attached to one of those elements. g M O
Lower Vapor :
Pressure H
H H H |
i : | s i .-'C.’\H
B X (RN SN N N XS TS . - H
H T H T? H il H (:) o : ..(I)/(?’
H H HoH b wb
0 S

LO 5.9: Make claims and/or predictions regarding relative magnitudes of the forces acting
within collections of interacting molecules based on the distribution of electrons within the
molecules and the types of intermolecular forces through which the molecules interact.


http://www.bing.com/images/search?q=hydrogen+bond&view=detailv2&id=F8A5D410C2D17CB2972181441BFAEA33AB836E05&selectedindex=38&ccid=wOTYHWAt&simid=608002323058197825&thid=OIP.Mc0e4d81d602d37d12ecb36603a40b626o0&mode=overlay&first=1
https://www.youtube.com/watch?v=BqQJPCdmIp8&nohtml5=False
https://www.youtube.com/watch?v=BqQJPCdmIp8&nohtml5=False

LO Sé)9 Practice FRQ

(b) Structures of the dimethyl ether molecule and the ethanol molecule are shown below. The normal boiling
point of dimethyl ether is 250 K, whereas the normal boiling point of ethanol is 351 K. Account for the
difference in boiling points. You must discuss both of the substances in your answer.

Fo |
H—(|I—§I—(|I—H H— l.1|,‘ t.1|1 —(0—H

H H H H

Dimethyl Ether Ethanol

Reveal Answer
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(b) Structures of the dimethyl ether molecule and the ethanol molecule are shown below. The normal boiling
point of dimethyl ether is 250 K, whereas the normal boiling point of ethanol i1s 351 K. Account for the
difference in boiling points. You must discuss both of the substances in your answer.

Eii E]
H—-:|.—E_:}—-:|'.—H H—1:|'.—+:‘—D—H
H H H H
Dimethyl Ether Ethanol

The intermolecular forces of attraction among One point is earned for recognizing that ethanol
molecules of dimethyl ether consist of London molecules can form intermolecular hydrogen
(dispersion) forces and weak dipole-dipole bonds, whereas dimethyl ether molecules do not
interactions. In addition to London forces and form intermolecular hydrogen bonds.

dipole-dipole interactions that are comparable in
strength to those in dimethyl ether, ethanol can form
hydrogen bonds between the H of one molecule and | One point is earned for recognizing that,

the O of a nearby ethanol molecule. Hydrogen compared to the energy required to overcome
bonds are particularly strong intermolecular forces, the weaker intermolecular forces in liquid

so they require more energy to overcome during the | dimethyl ether, more energy is required to
boiling process. As a result, a higher temperature is | overcome the stronger hydrogen bonds in liquid
needed to boil ethanol than is needed to boil ethanol, leading to a higher boiling point.

dimethyl ether.




i Source
inefol I “}] & ! Source
bond ",_;__,_ Intermolecular Inter VS Intra Source

forces

¢ Source

amical vs. Physical Video

9

[f vou are asked to rank molecules in order of melting point, boiling point, viscosity, surface tension or
vapour pressure ... what they are actually asking 1s for you to rank them by strength of intermolecular
forces (either increasing or decreasing).

Here 15 my strategy for this:

1. Look for molecules with hydrogen bonding capability will have the strongest intermolecular
forces.

2. Look for molecules with dipoles. These will have the next strongest intermolecular forces.

3. Larger molecules will have stronger London dispersion forces. These are the weakest
intermolecular forces but will often be the deciding factor in multiple choice questions

Strong IMF= High BP, High MP, High viscosity, high
surface tension, low vapor pressure!

LO 5.10: The student can support the claim about whether a process is a chemical or
physical change (or may be classified as both) based on whether the process
involves changes in intramolecular versus intermolecular interactions.


http://www.slideshare.net/gabelpam/power-point-solids-liquids
http://www.chem.ucla.edu/~harding/notes/notes_14C_noncoval02.pdf
http://lessons.chemistnate.com/uploads/5/0/2/9/5029141/__which_substance_has_the_highest_lowest_melting_boiling_points_etc.pdf
http://ch301.cm.utexas.edu/imfs/#forces/forces-attraction-all.php
https://www.youtube.com/watch?v=ziQtpXVDpn0&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=55

LO 5.10 Practice FRQ
gy from 2013

Answer the following questions using principles of molecular structure and intermolecular forces.

Compound Empirical Solubility Boiling Point
po Formula in Water (*C)
1 C,H,O Slightly soluble -24
2 C,H,O Soluble 78

Compounds 1 and 2 in the data table above have the same empirical formula, but they have different physical
properties. (a) The skeletal structure for one of the two compounds is shown below in Box X.

(1) Complete the Lewis electron-dot diagram of the molecule in Box X. Include any lone {(nonbonding)
pairs of electrons.

Box X Box Y

(i1) In Box Y above, draw the complete Lewis electron-dot diagram for the other compound, which is a
structural isomer of the compound represented in Box X. Include any lone (nonbonding) pairs of
electrons.



o) FRQ cont...

(B) On the basis of the complete Lewis electron-dot diagrams you drew in part (a) and the information in the
data table above, identify which compound, 1 or 2, has the structure represented in Box X. Justfy your

answer in terms of the intermolecular forces present in each compound.

Use the information in the following table to answer parts (c) and (d).

Name Lewis Electron-Dot Boiling Point Vapor Pressure at 20°C
Diagram (®C) (mm Hg)
H
Dichloromethane C1:C:H 39.6 353
2Cl:
Carbon tetrachloride *C1: C:Cl: 76.7 839
:Cl:

(c) Dichloromethane has a greater solubility in water than carbon tetrachloride has. Account for this observation
in terms of the intermolecular forces between each of the solutes and water.

(d) In terms of intermolecular forces, explain why dichloromethane has a higher vapor pressure than carbon
tetrachloride.



0 FRQ Answers 2013

Pll PII H H
[
H_{lj_CI:_Q_H | point 1s earned for a correct Lewis diagran H_{f_p_{lz—H
H H H H
Box X Box Y

Compound 2 15 in Box X. Compound 2 {X) would have
intermolecular hydrogen bonding. Compound 1 (Y') would
have weaker dipole-dipole and London dispersion forces
(LDFs). Because compound 2 has stronger intermolecular
forces (IMFs) it has a higher boiling point. Also, compound 2
is capable of forming more hydrogen bonds with H,0O than

compound | 1s, causing the solubility ditfference noted in the
table.

2 points are earned for identification of
compound 2 and a rationale that
references the types of IMFs in each
compound while explaining relative
boiling points and/or solubilities.

CH,C], 1s polar, whereas CCl, 1s not. Therefore, CH,Cl,

interacts with H,0 via dipole-dipole forces, while CCl, only 2 points are earned for a rationale that
interacts with water via dipole/induced dipole forces or LDFs, references the types of IMFs between
which would be weaker. As a result, CH,Cl, has a greater each compound and water.
solubility.

Because CH,Cl, has the higher vapor pressure, the 2 points are earned (1 point for
combination of LDFs and dipole-dipole forces in CH,Cl, referencing the tvpe(s) of IMFs in
must be weaker than the strong LDFs in CCl,. each of the two compounds).




+ IMF and Biological/Large Molecules

Intermolecular forces in liquids and solids

Weak intermolecular forces (non-covalent interactions)
act between molecules, causing them to be attracted to each
other in varying degrees. The strength of these forces at

a particular temperature determines whether a molecular
substance is a gas, a liquid, or a solid at that temperature.
Non-covalent forces also contribute to the secondary, tertiary, or quaternary

structures of biopolymers (namely proteins a nucleic acids), maintain the
stability of biomembranes, and play important roles in highly specific biological

interactions (enzyme — substrate, antigen — antibody, signal molecules — receptor.

Types of intermolecular forces:
— hydrogen bonds,
— dipole—dipole interactions,

— dispersion forces (London forces).
Dipole—dipole and dispersion forces are sometimes referred collectively

to as van der Waals forces.
43

Hydrogen bond

between side chain
CH,4

Hydrophobic
interactions
(van der Waals

H s 5
Hydrogen bond between interactions)

two side chains

J [
~(CH,);—NHz* "0 —CCH,CH,

lonic bond

Source
Source
Source
Video

This image shows the tertiary structure of a protein segment, Tertia;y structure results from different
interactions, or forces, between groups. Move the example of each force to the appropriate description on
the protein. Then identify the major force controlling tertiary structure.

CHs HaC

- A ’ / hydrogen bond _‘3"( - HE,C:HC_
II III II ?H OH
| ionic bond G —C IR - CHe CH; l.|3—00-+ HO —CH;
o

|
CHy—HNH; O—C—CH;
hydrophobic interaction |

CH; —§—8—CHz

| IS I
1

~CH;y HiC. o
—CH /,HC— . L
“CHy HyC CHz—=NH3 ©=—C—CHz

x &

continued

LO 5.11: The student is able to identify the noncovalent interactions within and
between large molecules, and/or connect the shape and function of the large
molecule to the presence and magnitude of these interactions.



https://www.studyblue.com/notes/note/n/bio-181-study-guide-2013-14-mor/deck/8698279
http://image.slidesharecdn.com/0introductoryrecapitulation1-110914014701-phpapp01/95/0-introductory-recapitulation-43-728.jpg?cb=1315964921
https://www.youtube.com/watch?v=8Stbg8HCOw4&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=56

Entropy- Embrace the Chaos!

Entropy Changes that result
in a +A\S:

Increasing moles
Increasing temperature
Increasing volume

Solid to liquid to gas
Forming more complicated
molecules. (More moles of
electrons)

2",0,)} — 2", ) * O: g)
(
29— Jo e

More gas in product - Entropy *

Increasing entropy

Crystalline solid

Liquid Gas

Source
Source

Video

LO 5.12: The student is able to use representations and models to predict the sign
and relative magnitude of the entropy change associated with chemical or physical

processes.


http://www.slideshare.net/wkkok1957/ib-chemistry-on-entropy-and-laws-of-thermodynamics-51984667
http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chemistry_(OpenSTAX)/16:_Thermodynamics/16.2:_Entropy
https://www.youtube.com/watch?v=MALZTPsHSoo&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=57

LO 5.12 FRQ practice
10) from 2006

CO(g) + 3 0() = CO@)

The combustion of carbon monoxide 1s represented by the equation above.

(b) Determine the value of the standard entropy change, ASS . for the combustion of CO(g) at 298 K using
the information in the following table.

5398
Substance N
(Jmol™ K™
CO(g) 197.7
CO,(g) 2137
0,(g) 205.1

Reveal Answer




LO 5.12 FRQ practice
10) from 2006

CO(g) + %Dy{g} — CO4(g)

The combustion of carbon monoxide 1s represented by the equation above.

(b) Determine the value of the standard entropy change, AS S . for the combustion of CO{g) at 298 K using

ran ¢

the information in the following table.

AP
Substance N
(Jmol™ K™)
CO(g) 197.7
CO,(g) 2137
0,(g) 205.1

Omne point is earned for
1 -1 -1, | 1wt taking one-half of S5,
ASy =213.7 Jmol™ K77 = (197.7 I mol™ K™ + = (205.1 J mol™ K™7)) -
= for O5(g).

_ -1 -1
= =865 mol™ K One point is earned for the

answer (with sign).




Predicting How Reactions Will Go

e NG =

AH — TAS when will delta G < 0

AS Thermodynamic Favorability Video #]
Video #2
el spontaneous at all temperatures Source
s
non-spontaneous at all temperatures ===
AG (Gibbs Free Energy)
spontaneous at low temperatures
= non-spontaneous at high temperatures
System temperature
+ spontaneous at high temperatures K)

non-spontaneous at low temperatures

[CAUTION]

Entropy 1s
typically given in
J/K so you MUST

convert to KJ!

&

Entropy

Free E
cr::ngge(r%_’ A G =AH - TAS 4« Change (kJ/K)

/

Enthalpy
change (kJ)

If G <0, i.e. negative, the reaction is
thermodynamically favored (spontaneous.)

LO 5.13: The student is able to predict whether or not a physical or chemical process
is thermodynamically favored by determination of (either quantitatively or
qualitatively) the signs of both delta H° and delta S°, and calculation or estimation of
delta G° when needed.



https://www.youtube.com/watch?v=PFQM20ugoT8&index=60&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ
https://www.youtube.com/watch?v=huKBuShAa1w
http://cstuart7.blogspot.com/

?
Source
AG® Source
o Voc AG® E°.; K Direction of Reaction m

H ow c an I /g(/ \\\ <0 >0 >1 spontaneous inforward direction V—%deo
>0 <0 <1 spontaneousin reverse direction V—ldeO
calculate

Clﬁ ? Eo = (5—;)In K

AG and K

« Standard free energy change is related to the

thermodynamic equilibrium constant, K, at equilibrium. _ _
— IF areactionis NOT at equilibrium, it is proceeding in some AG®n,=ZAG® (products) Z AG® (reactanty

0 0 1 no net reaction: system at equilibrium

direction (forward or reverse) depending on Q, reaction quotient.

— That means there exists energy to do work (make reaction A G'U — A HG _ TA SG

proceed)

+ AG=AG°+RTInQ J — —é /¢,"D!O J

* At equilibrium:
— A G =0, because there is no ability to do any more useful work
—and Q=K

+ So we get:
- AG°=-RTInK

LO 5.14: Determine whether a chemical or physical process is thermodynamically
favorable by calculating the change in standard Gibbs free energy


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Electrochemistry/Electrochemical_Cells_and_Thermodynamics
http://images.slideplayer.com/9/2539417/slides/slide_41.jpg
http://www.bozemanscience.com/ap-chem-058-thermodynamically-favored-processes
https://www.youtube.com/watch?v=huKBuShAa1w&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=59&nohtml5=False
https://www.youtube.com/watch?v=8Cs4PUO_1JA

Source

Coupled Reactions and
LeChatelier

Video

Reactions can be coupled together if they share a common /ﬂ'l + B i C+D .
intermediate. In this example, the two reactions share the D+E -
component "D".

F

Let us assume that the first reaction has an Kgq much less than 1, while the K, for the second
reaction is much greater than 1.

hat will happen? Most of the D formed by the first reaction (which is not much), will react with E
(assuming E is present) and be removed from the system.

his will inhibit the C+D "back reaction”. while the A+B "forward reaction” will continue.

More D will be produced, even though the reaction that produces it is unfavorable.

LO: 5.16 The student can use LeChatelier's principle to make qualitative predictions
for systems in which coupled reactions that share a common intermediate drive
formation of a product.


http://www.chem1.com/acad/webtext/thermeq/TE5.html
https://www.youtube.com/watch?v=7IqgrcBkGRU&nohtml5=False

LO 5.16 FRQ Practice from 2009

Reaction Equation AH . ASSog AGSy

X C(s) + H,0(g) 2 CO(g)+ Hy(g) | +131 kI mol™' | +134 Jmol' K~' | +91 kJ mol™!

Y CO4(g)+Hy(g) & CO(g)+ H,O(g) | +41 k] mol™" | +42 Jmol™' K™ +29 kJ mol™

z 2C0(g) 2 C(s) + CO4(g) ? ? ?

(b) For reaction X, will the equilibrium constant, KF, increase, decrease, or remain the same if the
temperature nses above 298 K 7 Justify vour answer.

Reveal Answer



1.O 5.16 FRQ Practice from 2009
11) e

Reaction Equation 208 ASSog AG T

X C(s)+ H,O(g) 2 CO(g)+Hs(g) | +131 kK mol™" | +134 I mol' K=! | 491 kJ mol™!

Y CO4(g) + Hy(g) 2 CO(g)+H,O(g) | +41 kImol™ | +42Jmol™' K=" | +29kJ mol™

z 2C0(g) 2 C(s) + CO4(g) ? ? ?

(b) For reaction X, will the equilibrium constant, K, increase, decrease, or remain the same 1f the
temperature nses above 298 K 7 Justify vour answer.

KF will increase.

If the temperature 1s increased for an endothermic
reaction { AH 5. = +131 k] mol™"), then by

Le Chatelier’s principle the reaction will shift toward
products, thereby absorbing energy. With greater

concentrations of products at equilibrium, the value o )
of K will increase. One point is earned for the correct

answer with appropriate justification,

OR
Because iﬁ.(j":—RT]nh’ = AH o= T ASTy,
AHZ ASE
then InK, = - —2% + _Z%
en In K, RT I

An increase in T for a positive AHJ; results in an

increase in In KP and thus an increase in KP.




==
COUPLING OF REACTIONS

Manipulating K,,

Stepwise Equilibrium AG

AG '02

¢ - [NOF
! - —
(1) Ny + Oy = 2NO " IN,]I0,]

[NO,J
(2') ZNO(9) + 02(9) e ZNOZ(Q) Keq'z . W
Determine the chemical equation for the [NOF(O.] This principle of bioenergetics explains how a
overall process therrtlodynamicall.y unfavorable (ender.goni.c)
What is the equilibrium constant for the overall %\ reactlpn can be d_""e" in the f9rward _d"eCt'°" by
process? How does it depend on the value of -;\&/x‘_;’?;_‘ coupling |.t toa hlgl:tly exergonic reaction through a
Kc, and Kc,? common intermediate

AG®, + AG",

INOJ  _INO,J
[N.J[O.] [NOJ[O.]

eq . Keq,l X Keq,Z

* UA GenChem



http://www.slideshare.net/fatimafizan/bioenergetics-and-thermodynamics
http://www.slideshare.net/chelss/intro-to-equilibrium-abbrev-alg
https://www.youtube.com/watch?v=F1k8TJsVg_g&list=PLllVwaZQkS2op2kDuFifhStNsS49LAxkZ&index=71&nohtml5=False

Is it thermo, kinetics, or K?

THERMODYNAMICALLY FAVORABLE

Kinetics tells us how FAST a reaction will proceed.

Equilibrium tells us how FAR a reaction proceeds. SV_ideo
Thermodynamics tells us whether or not the reaction —ngizg

is FAVORABLE at a given temperature.

A reaction that is thermodynamically favorable will
formn more products at equilibrium BUT the reaction
may be so SLOW that few products form in a
reasonable amount of time.

L 5.18: Explain why a thermodynamically favored chemical reaction may not
produce large amounts of product (based on consideration of both initial conditions
and kinetic effects), or why a thermodynamically unfavored chemical reaction can
produce large amounts of product for certain sets of initial conditions.



http://www.slideshare.net/Kumar4556/chemical-kinetics-55894275
http://www.slideshare.net/caneman1/new-chm-152-unit-6-power-points-sp13
https://www.youtube.com/watch?v=F1k8TJsVg_g

Is it thermo, kinetics, or K?

AG° and the Equilibrium Constant

The free energy at non-standard, non-equilibrium states is given by:

oG = giG° + RTINn(Q) deo
Ice

At Equilibrium, AG = 0 and Q becomes: “K” rce

Nhermodynamically favierablel(akars pontaneous)) meansta
reaction’is PRODUGECI favorediat algiventtemperatue:

K> 1, In(K) is positive, ggG° is negative

As K decreases, qoG° becomes more positive

L 5.18: JTe
produce large amounts of product (based on consideration of both initial conditions
and kinetic effects), or why a thermodynamically unfavored chemical reaction can
produce large amounts of product for certain sets of initial conditions.

LYV C AV A O C \J Y \J



http://www.slideshare.net/Kumar4556/chemical-kinetics-55894275
http://www.slideshare.net/caneman1/new-chm-152-unit-6-power-points-sp13
https://www.youtube.com/watch?v=F1k8TJsVg_g

Is it thermo, kinetics, or K?

Table 202 The Relationship Between AG°and K at 298 K

AGe (kJ) gk Significance

200 9x1036 [ Essentially no forward reaction;
100 3x1018 Lreverse reaction goes to completion

50 2x10°
2x102
7x10"
1 Forward and reverse reactions proceed
15 to same extent
5x10"
6x108

3x10'7 [ Forward reaction goes to completion;
1x10%5 lessentially no reverse reaction

L 5.18: Explain why a thermodynamically tavored chemical reaction may not
produce large amounts of product (based on consideration of both initial conditions
and kinetic effects), or why a thermodynamically unfavored chemical reaction can
produce large amounts of product for certain sets of initial conditions.


http://www.slideshare.net/Kumar4556/chemical-kinetics-55894275
http://www.slideshare.net/caneman1/new-chm-152-unit-6-power-points-sp13
https://www.youtube.com/watch?v=F1k8TJsVg_g

Is it thermo. kinetics. or K?

Equilibrium Description Standard Gibbs
constant Free Energy
K=1 Neither reactant nor q:GO =0
product favored
K>1 Product favored qG°<0
(thermodynamically
favorable)
K<l Reactant favored %> 0

(thermodynamically
unfavorable)

“Thermodynamically UNFAVORABLE” (aka non-spontaneous) reactions will run in

reverse when set up with standard conditions (1M/latm of ALL reactants and
products) BUT can be made to proceed forward under different conditions. "

produce large amounts of product (based on consideration of both initial conditions
and kinetic effects), or why a thermodynamically unfavored chemical reaction can
produce large amounts of product for certain sets of initial conditions.


http://www.slideshare.net/Kumar4556/chemical-kinetics-55894275
http://www.slideshare.net/caneman1/new-chm-152-unit-6-power-points-sp13
https://www.youtube.com/watch?v=F1k8TJsVg_g

+
Pracic%g:e FRQ for BI #5

Answer the following questions about the thermodynamics of the reactions represented below.

18 kI mol=1. AS®ws = 78 J K™ mol™

) 1 1
Reaction X: EI;(.&') +§ Clig) = ICl(g) AH%

AS%9s = 124 TK™! mol™

kS

Reaction Y: %13_(5) + %Br;{!} = IBr(g) AH = 4] k] mol-1

(a) Is reaction X, represented above, spontaneous under standard conditions? Justify your answer with a
calculation.

(b) Calculate the value of the equilibrium constant, Keg, for reaction X at 25°C.

(¢) What effect will an increase in temperature have on the equilibrium constant for reaction X 7
Explain your answer.

(d) Explain why the standard entropy change is greater for reaction Y than for reaction X.

(e) Above what temperature will the value of the equilibrium constant for reaction Y be greater than 1.0 7
Justify your answer with calculations.

() For the vaporization of solid 10dine, I:(s) — l:(g), the value of AH®;45 15 62 Kkl mol™. Using this
information, calculate the value of AH®;ys for the reaction represented below.

Lig) + Clig) = 21ICl(g)



Ansvlvz?rs to 2006 B

(a) Is reaction X, represented above, spontaneous under standard conditions? Justify your answer
with a calculation.

One point is earned for the

AG® = AH® = TAS® correct value of AG®.
_ =1y _ =l =1y — _ =1 ..
= (18 kI mol™") = { 298 K)0.078 kJ mol™ K=") = =5 kJ mol One point is earned for a
Reaction is spontaneous because AG® < 0. correct justification of
spontaneity.

(b) Calculate the value of the equilibrium constant, K'Eq, for reaction X at 25°C.

AG®
AGE = -RTInKM = Injfm = - 37
- - g -1 One point is earned for the correct
Ik, =--—9ml MO I ) 50 —
(8.31 Imol™" K™ )(298 K) : .

K, =™ = (75314) = 8




Answers cont...

1 2{)} What effect will an increase in temperature have on the equilibrium constant for reaction X 7
Explain your answer.

AH" | A5
RT K
Since AH® is positive, an increase in T will cause = AH°/RT to
become a smaller negative number, therefore K, will increase.

OR

AG® = =RTInK, =AH®-TAS®* = InkK, = -

One point is earned for
the correct choice with a
correct explanation.

The reaction is endothermic (AH = +18 kJ mol~'): an increase in
temperature shifts the reaction to favor more products relative to the
reactants, resulting in an increase in the value of R’m ;

(d) Explain why the standard entropy change is greater for reaction ¥ than for reaction X .

Both reaction X and reaction ¥ have solid iodine as a reactant, but the
second reactant in reaction X is chlorine gas whereas the second reactant
in reaction ¥ 15 liquid bromine. Liquids have lower entropies than
gases, thus in reaction ¥ the reactants are more ordered (and have lower
entropies) than in reaction X . The products of both reaction X and
reaction ¥ have about the same disorder, so the change in entropy from
reactants to products is greater in reaction ¥ than in reaction X.

One point is earned for
a correct explanation.




Answers cont...

(e) Above what temperature will the value of the equilibrium constant for reaction ¥ be greater than 1.0 7

Justify your answer with calculations.

AG® = AH® = TAS®
K, =1 when AG® =0 = TAS® = AH® = One point is earned for AG® = (.
& —l.
Al 41 kJ mol = 330K One point is earned for
the correct temperature.

I = = B —
AS® 0.124 K mol 'K
Sowhen T = 330K, AG® < 0kl mol™! = Kﬂ‘, = 1.0

(f) For the vaporization of solid iodine, I,(s) — I,(g). the value of AH., 1562 k] mol~!. Using this
information, calculate the value of AHZ, for the reaction represented below.

Lig) + Cly(g) 2 2IClg)

AHZ, = 2 % 18 kJ mol™! One point is earned for AH, of

Li(s) + Cl(g) 2 21Cl(g)
AHZ, =—62k] mol-! either the first or second equation.

L{g) 2 Lis)
One point is earned for the

correct sum of the AH[, values.

AH® ==26k] mol™

4

L(g) + Cly(g) &2 21ICl(g)




