Chemistry 301

FINAL EXAM REVIEW




Final Exam Study Tips

1. Study from the gchem, lecture notes, and review notes
°  Write out the complicated topics in your own words

° If you study in a group, be the teacher not the student

2. Print the old exams and blank homeworks (white out the correct answers from the
midterms)
o Thoroughly review the questions you got wrong and why you missed them

3. Print the coversheet and write all the units associated with the terms on the equations
° Identify any important equations that aren’t provided on the coversheet that you might use

4. Take your time on the exam and read all the answer choices fully

° Sometimes you can jog your memory or get closer to the last step of a problem if you review the
answer choices before giving up on a tough question



Overview of the Exam

* 50 Multiple Choice Questions

*  Five Units:

Fundamentals

Gas Laws (ideal, non-ideal, kinetic molecular theory)
Atomic Theory (light, quantum mechanics, periodic trends)
Bonding and IMF’s (Lewis Structures, VSEPR, VB, MO, IMF’s)
Thermodynamics

LA W

* 37 Conceptual questions, 13 calculations



Fundamentals

STOICHIOMETRY, NOMENCLATURE, UNITS




Chemistry Fundamentals

* At this point you should really be able to approach problems J )
like a true chemist. This means you should be able to analyze d
chemical systems and structures in a scientific way. o

*  Some of the basic chemistry knowledge you should bring to 9
the test involves: d

. Nomenclature .

Know how to name ionic compounds

Know the names and charges of the polyatomic ions . ‘ ‘
*  Stoichiometry

Apply stoichiometry to straightforward reactions

Apply stoichiometry to gas laws and thermodynamic problems
. Unit analysis

Be able to easily convert between different units (conversions provided)

Know when to use certain units (g vs. kg ; R-values ; Latm vs. J ; etc.)



Basic Terminology in Reaction Stoichiometry

*  Mole: a mole is basically a packet of atoms (6.02 x 10?3 atoms to be exact)
*  We use the term “mole” because it is easier to work with in a lab.

*  The mass of each element is presented as its molar mass on the periodic table (g/mol)
. Based on the phase of matter, moles will look different (condensed phases vs. gas phase)

* Limiting reagent: the reactant that runs out first, thereby forcing the reaction to stop

*  Excess: a reactant that is added in high quantities so that another reactant runs out first
*  You will have a certain amount of this “excess reagent” left over once the limiting reagent runs out



Chemistry Fundamentals: Stoichiometry

*  Given the following generic, balanced chemical reaction:

Ag) + 2B(g > 3C,) + 4D,

* Simple ratio problems: how many moles of B are required to make 7 moles of C?
* This problem can be solved by simply understanding the stoichiometric ratio

* Limiting Reagent, Gas Law Problems: what is the total volume of your system when 10L of
A are reacted with 10L B at STP. Assume this reaction goes to completion.

* This problem should be solved by working out the reaction
*Do not include condensed states (liquids, solids) in the volume or pressure of the final solution



Exam One Question

Calculate the mass of NH; that can be produced from 30.0g of N, and 5.0g H, in the following

reaction:
N,(g) + 3H,(g) = 2NH,(g)
1. 425¢g
2. 182¢g
3. 364¢g
4. 28.3¢g
5. 63.8¢g
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Exam One Question

A 6.00L sample of C,H, at 2.00 atm and 293K is burned in 6.00 L of oxygen gas at the same
temperature and pressure to form carbon dioxide gas and liquid water. If the reaction goes to
completion, what is the final volume of all gases at 2.00 atm and 293K?

C,H,(g) + 30,(g) = 2H,0(l) + 2CO,(g)

1. 2.66L
2. 12.00L
3. 2.00L
4. 8.00L
5. 6.00L
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Gas Laws

IDEAL, MIXTURES, KMT, NON-IDEAL




The Ideal Gas Law

*  This exam will test both your ability to “plug-and-chug” with the ideal gas law and your
ability to apply the law to conceptual questions

* The relationship between these state functions is presented in the following equation:

PV = nRT

*  Key points:
e State functions on the same side have an inverse relationship
*  State functions on opposite sides have a direct relationship
. R is a constant, not a state function
*  Temperature is always in Kelvin

. Why? Kelvin can only be expressed as a value 0 or greater. If you used Celsius, you would get negative volumes, pressures,
and numbers of moles at certain temperatures



Exam One Question

A chemist prepares a sample of helium gas at a certain pressure, temperature, and volume. She
then removes all but a fourth of the gas molecules (only a fourth remain). How must the
temperature be changed to keep the pressure and the volume the same?

1. T,=4T,
2. T,=0.25T,
3. T,=.5T,
4. T,=2T,
5. T,=16T,









Partial Pressure

Partial pressure is a method for quantifying the pressures
exerted by individual species in a gas mixture.

P
P

total

Gas mixture: 1.2atm

Three terms are necessary for understanding partial pressures:
Total pressure (P or P, ): the “actual” pressure of the system
Partial pressure (P,): the pressure exerted by a single species (i)

Mole fraction (X): the ratio between the number of moles of a
single species (i) and the total number of moles in the system

P,=x,P

total

O x=5/12 @x=14 @ x=1/3

.5atm .3atm 4datm






Standard Conditions (Memorize)

* STP is the default standard for gases
* 0Odegrees Celsius, 1atm (or 760 torr)

* At STP, one mole of ideal gas occupies 22.4L

 STAP is a “modern” default for gases (less used)
25 degrees Celsius (room temperature), 1 bar




Kinetic Molecular Theory

1. Gases are constantly moving in random directions

2. The distance between particles is large compared

to the particle size
° True ideal gases have relatively no volume The ideal gas law fails us when these
3. All particles have perfectly elastic collisions two assumptions do not hold true.

o There is no enett)‘gy loss irtljthedsystem tdo ICfollis(,jions; Repulsions are caused by a low
energy cannot be created or destroyed based on : : -
Newtonian Physics available vc?lur.n-e (b),_attractlons are

caused by significant intermolecular
4.  No other forces act upon ideal gases forces (a)
° There are no attractive or repulsive forces that act

upon ideal gas particles

Main conclusions: the ideal gas law works because when these pillars of KMT hold true in a system.
The ideal gas law is modeled best at High Temperature and Low Pressure



KMT: Mass vs. Velocity; Velocity vs.
Temperature

Based on the equation: Note: these ratio
3RT R =8.314 J/mol K derivations of the KMT
Vv = | formula are not provided
rms M Molecular Weight in Kg / mol /

We can determine that velocity is proportional to the square root of
temperature and the inverse square root of mass.

1. Mass vs. Velocity (V,,.)
o Velocity is proportional to the inverse square root of mass.
°  When temperature is constant, lighter particles move faster

2. Velocity (V) vs. Temperature
o Velocity is proportional to the square of temperature

o When dealing with the same species gas, particles move faster at
higher temperatures




KMT: Mass vs. Velocity; Velocity vs.
Temperature

1. Mass vs. Velocity (V,,)

Maxwell-Boltzmann Molecular Speed Distribution for Noble Gases © We can see that the heavier gases move
slower and the lighter gases move faster

= 0.004 o The faster the gas, the wider the
) distribution
2 0.003 - —
8 oz | o 2. Velocity (V,,) vs. Temperature
= — ™ Xe o If you were working with the same gas,
g 0.001 - a similar graph could be created by
e modifying temperature instead.
0 500 1000 1500 2000 2500 > In this case, higher temperatures of the
Speed (m/s) same gas result in faster speeds.

* Some key features of this graph include:

Each curve looks like a unimodal distribution with a “tail” that approaches the limit
infinite velocity (O probability density)

Molecules are traveling at a variety of speeds but there is a clear average
The actual V, . is slightly to the right of the peak



Maxwell-Boltzmann Distribution

* Given a Maxwell distribution, you should know:

Maxwell-Boltzmann Molecular Speed Distribution for Noble Gases . .
* Find the approximate V.

* Be able to label which gas is which (or which temperature is
z 0.004 which)
@ . . .
; 0.003 * Understand the relationships between mass, velocity, and
i ' — “He temperature
) 20Ne
; 0.002 A YN * Understand how these relationships impact the shape of the
= —132yo curve
L2
3
S 0.001 -
o
0 500 1000 1500 2000 2500
Speed (m/s)



The Non-ldeal Gas Law

* The ldeal Gas Law is adjusted for real gases in the following way:
2

(P + a%)(V —nb)=nRT

*  Key points:
*  Attractive forces decrease the pressure. Stronger attractive forces give a larger
Think higher IMF’s ; especially higher dispersion forces/polarizability for gases

“un
d

value.

*  The size of the molecules decrease the available volume. Larger molecules give a larger “b”.

A larger b value correlates with more repulsions. Repulsions are an effect of the fact that two gas molecules can’t take up the
same space — therefore, they repel each other

. More concisely, gases are modeled best at high temperatures and low pressures.

Attractions increase at lower temperatures (think of water at low temperatures vs. high temperatures)

Repulsions increase at high pressures



Favoring Non-ldeal Vs. Ideal Conditions

Ideal Conditions Non-ldeal Conditions

High Temperature Low Temperature

Low Pressure High Pressure

High Volume Low Volume

Small Molecules Large Molecules

No attractive forces High Attractive Forces (Intermolecular forces)

Small number of molecules Large number of molecules



Atomic Theory

LIGHT, QUANTUM, ELECTRON CONFIGURATIONS, PERIODIC TRENDS




THE ELECTROMAGNETIC SPECTRUM

> High E, v
Excitation lonization

Rotation Vibration
_—— L

ROYGBIYV

Longer
Wavelength

* Understand the relative energies, wavelengths, and frequencies of
chagacterlshc radiation types AND what this means for their interaction
with matter.

e Microwaves: enough energy to begin rotating a molecule

* |R: enough energy to begin vibrating a molecule

e Visible (400-700nm): enough energy to begin exciting electrons

e UV and beyond: begins the full ionization (breaking) of electrons/bonds




What is Quantum Mechanics?

*  Quantum mechanics is the currently accepted model of the atom that describes the motion
of subatomic particles and the interactions between them using the following empirically
derived postulates:

Electrons exist in discrete, quantifiable energy states (Rydberg, absorption/emission)

2. Electrons and light (photons) exhibit wave-particle duality (photoelectric effect, deBroglie)

The motion of electrons can be described only with probabilities. That is, only the position or
momentum can be known with certainty at any given time (wave function, uncertainty principle)
Furthermore, this demonstrates that electrons exist in “clouds” and not circular orbits

P(Bs)

Classical Theory Quantum Theory




Quantum Mechanics: Photoelectric Effect

*  The postulates of guantum mechanics were demonstrated by a series of important
experiments between 1885-1930’s.

Photoelectric Effect: a metal will eject electrons if a beam of light reaches a threshold energy
. Proves that matter (the electrons of a metal) can interact with light ; wave particle duality

- mv2 _ hV _ (I) Keyfpointls: . . |
Light 2 If an electron is not ejected, your

light does not have sufficient
energy (you must decrease
+ wavelength / increase frequency)
* Increasing the intensity will result
in more electrons ejected if the
threshold is reached. If the
threshold is not reached,
increasing the intensity will do
nothing

photon

+

Electrons 1




EMISSION:

* HIGH N TO LOW N

ABSORPTION

e LOW N TO HIGH N

=

. ]Ihe absorption and emission lines were an early experimental indicator that electrons emit characteristic
requencies

. Emission lines show a few colored lines on a black background.
. Absorptions lines show a few black lines on a rainbow background.
. The absorption and emission spectrums of a given element are the exact opposites

. Notice that you are given the Rydberg equation in terms of frequency (s'!). Use the appropriate R-value.




Rydberg Energy Levels

*  You can understand Rydberg n-values by
adhering to the following rules:

1. nvalues begin at 1 (closest to the
nucleus) and go to infinity (completely
out of the influence of the nucleus/ free
in space)

—
o
>
"
8

High Energy (unstable)

5 35 35 5
I

o

2. The potential energy of a given energy
state is proportional to the inverse square
of the whole number integer n

3. The greatest energy difference between
two consecutive numbers is 1 and 2.

| |
V= R(nz - n2 ) Low Energy
1 2 (stable) n=1



Exam Two Question

Which transition between energy levels in a hydrogen atom corresponds to the shortest
wavelength of light?

1.
2.
3.
4.
5,
6.

2 to3
3to5
5to6
3to4
2to5
2to4
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Exam Two Question

What is the wavelength of the photon corresponding to the change from n =2 to n =57 Is this
photon emitted or absorbed?

434nm absorbed
434nm emitted
276nm absorbed
276nm emitted

AR A

1875nm emitted
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Quantum Numbers

*  The Schrodinger Wave Function gives us insight to the energy of an electron and the
probability in finding that electron in a given range of three dimensional space.

¢ The Quantum Numbers (n, |, m, and m,) stem from the solutions of the wave function and
represent the following:

1. Principle Quantum Number (n): the size and energy of the shell; mostly corresponds to the row of
the periodic table (exception: d, f block).

2. Angular Momentum (l): the shape of the subshell; corresponds to the region on the periodic table.
0= s subshell; 1 = p subshell; 2 = d subshell; 3 = f subshell

3. Magnetic (m,): the orbitals of the subshell; mathematically indicates the orientation of the subshell
shape

The number of possible m, values is equal to the number of orientations possible in space, which therefore represents the
number of orbitals available

4. Spin Magnetic (m_): the spin of the electrons in a subshell



Quantum Numbers

*  We are mostly interested in assigning possible quantum numbers to the electrons of a given
species. To do this, we must understand the rules for assigning quantum numbers:

Principle Quantum Number (n) =1,2,3, ...n Example:

Angular Momentum (l) =0,1,2,... ton-1 Ifn=4

Magnetic (m) =-ltoll | can equal 0,1,2,3

Spin Magnetic (m ) =11/2 m,can equal -3,-2,-1,0,1,2,3
m, =+/-1/2




Electron Configurations: Rules

There are three main rules to abide by when filling
out electron configurations. It is important to follow
these rules when doing your own electron
configurations and be able to identify the rule that an
incorrect electron configuration breaks

Aufbau’s rule: fill electrons from the bottom (lowest
energy) up

Hund’s rule: fill each orbital in a given subshell with a
single electron before doubling up

. Technically this refers to the idea that you should
maximize the multiplicity of your configuration

Pauli’s Exclusion Principle: no electrons can occupy
the same orbital with the same spin and a maximum
of two electrons can exist in a single orbital

7
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Note:
these are
all
examples
of these
rules
violated



lon Electron Configurations

* If you want to write the electron configuration of an ion, start with the neutral atom and
then add (- charge) or remove (+ charge) electrons accordingly.

*  Easy: 0%
O : [He]2s?2p*
02 : [He]2s%2p® or [Ne]

*  Difficult: Zr?* (from exam 2)

Zr : [Kr]5s%4d?
Zr%* : [Kr]4d?



Electron Configurations: Exceptions

*  D-block and f-block elements prioritize filling their half-way or fully filled subshells if they are
one electron away.

*  The most common examples of this are chromium and copper. You would expect to write
chromium with 4 electrons in 3d and copper with 9 electrons in 3d. Instead, you borrow one

electron from the 4s to fill the subshell.
*  The electron configurations are therefore:

*  Cr=[Ar]4s'3d>
*  Cu=[Ar]4s'3d!°



Basic Periodic Table Trends

lonization Energy: the energy required to remove an electron from an atom in the gas phase
. Trend: generally increases going to the top right of the periodic table (*has notable exceptions)

. Inc)reases with each successive ionization (the second ionization energy is greater than the first, and so
on

Electron Affinity: in much the opposite reaction, electron affinity is the energy released to add an
electron to an atom in the gas phase

. Trend: Electron affinity does not follow a stable trend; however, it generally trends toward the top right
of the periodic table.

Atomic Radius: size of the nucleus and its electrons (most of the size is in the space taken up by
the electron clouds)

. Trend: increases as you go to the bottom left where shielding is maximized and z_4 is minimized

Z.: a measurement of the pull of the outer electrons by the nucleus
. Trend: increases as you go to the top right
. Remember: Z_; = Atomic Number — Core Electrons
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Visualizing Lattice Energy

E e QIQZ

lattice
r

Lattice energies are big when:

1. Charges are high

2. Theions making up the lattice
are small

When Ranking Lattice Energies:
1. Prioritize charge first
2. If two ionic compounds have the
same charge, the smaller one
“ T Q will have a higher energy
3.

Polyatomic ions are big

+ Energy



Bonding

LEWIS STRUCTURES, VSEPR, VB, MO, IMF’S




Bonding and Lewis Structures

*  Resonance: multiple acceptable Lewis ‘0"

Structures are available for a given compound,
meaning that the compound actually exists as

Correct Structure: three

the average of all acceptable structures - Q S ():" | 1.33 bonds
* Delocalized electrons: in the case of 3 )
resonance, electrons are not confined to a :0:- O Z

single bond. Instead the electron charge is
distributed over multiple bonds. We call this -:é
delocalization. :

o J—

_0 O ...... S ...... O

* If you have multiple acceptable Lewis
Structures in resonance, your actual structure
will have the bonding character of the . . -
average. Example: Sulfite (50,%) 0= S 0

“Acceptable” Structures: double and single bonds

— S o




General Formal Charge Rules

*  Formal charge defines the distribution of charge throughout a molecule. More
specifically, it is used to show the charge on each atom in a molecule.

*  The formal charge of a molecule is the sum of the individual formal charges of the atoms
in the molecule. Formal charges should be minimized in your Lewis Structures.

Element | -1 Charge | Neutral __| +1 Charge

Carbon 3 bonds* 4 bonds 5 bonds*
Nitrogen 2 bonds 3 bonds 4 bonds
Oxygen 1 bond 2 bonds 3 bonds

* In this class carbon is nearly always neutral (4 bonds). The main exception to this is
Carbon monoxide.



Exam Three Question

Which of the following compounds would be expected to have the longest N-O bonds? (hint:
this question is really just asking which resonance structure has the lowest bond order because
long bonds = weak bonds)

1. NO,?!
2. NO
3. NO,






Bonding Theories Compared

e VSEPR Theory:  Valence Bond Theory * Molecular Orbital

*  Shapes: molecular and *  Hybrid Orbitals: sp, sp?, sp3, Theory
electronic geometries sp3d, sp3d? . Di

. lains bond angles *  Sigma and pi bonds aram
Explai & & N P . *  Answers three fundamental

¢ Focuses on the electron ¢ Identifies the Overlapplng quesﬁons regarding your
“regions” orbitals to “name” the bonds molecule: bond order,

«  Depends on the number of *  Focuses on the electron magnetism, HOMO-LUMO gap
electron-dense regions “clouds” «  Sigma and pi bonds and anti-
(bonding and lone-pair regions) . Depends on the number of bonds

electron-dense regions *  Focuses on the electrons as
3 “waves”
Sp . Depends on the number of
- electrons

These theories might seem like a lot of information, but if
you tie them together and simplify their conclusions, they
actually make a lot of sense and don’t require too much
memorization.




Exam Three Question

The best predicted shape and bond angle of SbHj; is:

Trigonal pyramidal, 109.5
Tetrahedral, 109.5

Trigonal pyramidal, 107

> w N

Trigonal planar, 120



7 Pove = 10457
A,d.,,..l: l07°




Intermolecular Forces

* Intermolecular forces (IMF’s) are electrostatic interactions between molecules.
. IMF’s vary in strength, but are weaker than intramolecular forces (bonds)

. Intermolecular forces are the electrostatic “glue” that hold molecules in condensed phases

*  The three types of IMF’s (in decreasing strength) are:
1.  Hydrogen bonding

Intermolecular Forces Intramolecular Forces
2 Di po le-di PO le (forces between molecules) (forces within molecules)
' I A I
3. Dispersion forces WEAK MODERATE STRONG VERY STRONG
. .
And they depend on: 0 2 5 10 20 100 400 1000 *
1. Shape A . ,
. .- . dispersion H-bonding ion-ion
2. Polarizability (size) ) ‘ ) ‘
3 Tem perature dipole-dipole R covalent bonds
ion-dipole
ZERQO attraction is only possible with IDEAL GASES. * units are in kJ/mol of interactions




Liquid Properties Summary

Strong IMF - > High Viscosity, High BP, High Surface Tension
Weak IMF -> High Vapor pressure

High Temperature - > Lowers IMF Strength, Viscosity, and Surface Tension
High Temperature -> Raises Vapor pressure

(no effect on intrinsic properties, like boiling point, melting point, etc.)



Molecular vs. Covalent Network Solids
*  Molecular and Covalent Network solids are often confused | C:}«alent or
3 (Network)

because they can appear very similar on paper (CO, is molecular,
while SiO, is network)

*  Covalent network solids are atoms held together by
intramolecular forces (covalent bonds in this case), resulting in
extremely high (over 1000K) melting points.

*  Molecular solids are molecules held together by intermolecular
forces, resulting in low melting points (usually maxed out around :
600K, but more often between 200-300K). : !

 Covalent solids have small molecular weights (think of diamond, Vg 4 op‘a { y% £
MW = 12.01g/mol). Molecular solids can be small or very large 08 0@
(sucrose = 342 g/mol; oxytocin = 1009 g/mol) <3 '

*  Both are negligible conductors of electricity (exception: f ‘5 8a e
graphene contains delocalized p, orbitals, resulting in : of“@“% ------- Yo
delocalization) E Molecular




lonic vs. Metallic Solids

lonic and metallic solids have similar melting points (about
1000K) and both have interactions with electricity.

The delocalized electrons of metallic bonds allow metallic
solids to conduct electricity

lonic solids only conduct electricity when liquid or dissolved
in water

We say that ionic solids are hard and brittle, while metallic
solids are malleable and ductile.

This is the reason why metallic solids are used for wires and ionic
solids are more like grains (think table salt)




Comparing Solids

lonic NaCl, KNO; |Hard, rigid, brittle; high melting/
CuSO,*H,0 |boiling points; those soluble in
water give conducting solutions
Network B, C, black P, |Hard, rigid, brittle; very high
BN, SiO, melting points; insoluble in
water
Metallic s- and d- Malleable, ductile, lustrous;
elements electrically and thermally
conducting
Molecular |BeCl,, S, P,, [Relatively low melting/boiling
l,, ice, points; brittle if pure
glucose




Comparing Solids

lonic Localized Not a good conductor (only
conducts electricity in aqueous
solutions or when molten)

Network |Localized Not a good conductor

Metallic Delocalized |Good conductor

Molecular |Localized Not a good conductor




Thermodynamics

EXAM 4 TROUBLES




Exam Four Question

Consider a system where 2.50 L of ideal gas expands to 6.25 L against a constant external
pressure of 330 torr. Calculate work (w) for this system.

+165 J
-165 )
+1238 )
-1238J
-1.63J
+1.63J

o oA W NoE






Exam Four Question

2.26 g or liquid water at 23.5 °C was completely converted to ice at 0 °C. How much heat was
(absorbed/released) by the system during this process?

755 ; released
1478 ; released
977 ; absorbed

-l A

977 ; released
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Exam Four Question

What is the change in entropy for the heating of 20.0 g of methanol liquid from 34 °C to 62 °C?

30.42J) /K
168.81J /K
0J/K
4.42) /K
0.22J/K

A






Formation Reactions :

001 This question is asking: which of the following is a
For which of the following chemical equations formation reaction.
would AH,,, = AHf ?
1
1 + EOQ(g) — CO2(g) Students miss these types of questions because they forget
3 what constitutes a formation reaction:
2. C(s, graphite) + 502(g) + Ha(g) — : :
- . The reactants are elements and must be in their
CO4(g) + H20(g) standard state
3. Os(g) + Ha(g) — Ho0(¢) correct . There should only be 1 product
. There should only be 1 mole of that 1 product
4. Ny(f) + 3F @F ¢
2(€) + 2(2) 3(¢) . Fractional coefficients of reactants are OK
Explanation: The value for the enthalpy of f tion for el t
: . e value for the enthalpy of formation for elements
For Oa(g) + Ha(g) — H202(¢), A}Zro of (including diatomics) in ’Pf}leir standard state is zero.
Oz(g) and Hg(g) are (. Therefore, Aern - . This is also true for free energy but NOT for absolute entropy
AH{ (Hy04(f))
. — = +H, —C H.OH
C(gmphlte) + 02(g) COZ(g) C(gmphlte) o) 02(8) 2(8) 2775 ()



Free Energy: Equilibrium Question

001
Consider a chemical reaction that is endother-
mic and has a negative change in entropy.
Which of the following is/are true?

I) ASuniv is negative at all temperatures.

II) This reaction will reach equilibrium

when "= AH/AS .

III) The reaction is spontaneous only at rela-
tively high temperatures.

IV) AG is positive at all temperatures.

| and IV are correct

AG=O;AH=TAS‘,

/

AG > 0; non-spontaneous

AG

AG < 0; spontaneous

«== AS < 0, AH> 0; non-spontaneous atall temperatures & A5 <0, AH < 0; spontaenous at low temperatures

&> AS > 0,AH > 0; spontaenous at high temperatures =" 7\5> 0

,AH < 0; spontaenous at all temperatures



Free Energy: Equilibrium Question

001

Methyl tert-butyl ether or MTBE is an oc- 1. 1957 kJ /mol
tane booster for gasoline. The combustion
of 0.9211 grams of MTBE (C5H,,0(¢), 88.15
g/mol) is carried out in a bomb calorimeter. 3. -3120 kJ /mol
The calorimeter’s hardware has a heat capac-
ity of 1.540 kJ/°C and is filled with exactly
2.022 L of water. The initial temperature was S.
26.336°C. After the combustion, the temper- 6. -2286 kJ /mol
ature was 29.849°C. Analyze this calorimeter
data and determine the molar internal energy
of combustion (AU) for this octane booster.

C. . AT-=

water — water qV,SyS

2. -3560 kJ /mol

4. -2748 kJ /mol

-3362 kJ/mol

7. -4293 kJ /mol

qcal = ChardwareAT +m
qv,sys = Al]sys
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