Chem 200 Exam 2 Study Guide
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Delta H and Heat of Formations

[image: ]

[image: ]
[image: ]


[image: ]
[image: ]


Heat Stoichiometry
[image: ]


[image: ]





Hess’s Law
[image: ]





[image: ]








Light
[image: ]
[image: ]
[image: ]
[image: ]






Light Calcs
[image: ]



Blackbody Radiation
[image: ]
Photoelectric Effect
[image: ]
[image: ]



[image: ]


Electron Transitions
[image: ]

[image: ]
[image: ]



[image: ]


[image: ]


[image: ]
Wave-Particle Duality



deBroglie
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Orbital Diagrams/Pauli Exclusion/Aufbau/Hund’s Rule
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Valence Electrons
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Periodic Trends (radius, IE, EA, electronegativity)
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Challenge Problems
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7. Which one of the following statements regarding energy is false?

(a) The total energy in a calorimeter (a system and its surrounding) is constant
(b) Energy can be divided into kinetic energy and potential energy

(c) Internal energy is composed of heat and work

(d) Enthalpy represents internal energy change of a reaction

(e) If areaction release heat, it is termed as exothermic
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4. 1f 0.96 kJ of energy is needed to raise the temperature of 1.0 x 102 g of lead from 25 °C to
100 °C, then what is the specific heat capacity of lead?

(a) C =72 kcal-mol-!

(b) C=12.8 J-K!

(c) c=7.8J-g K1

(d) ¢=0.13J:g""K~!

(e) ¢ =0.00013 J-g-"*K-"
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9. If you combine 50.0 mL of ethylene glycol (c = 2.20 J-g-""K-'; density = 1.1132 g/mL; the
main component of engine antifreeze) at 10.0 °C with 50.0 mL of water (¢ = 4.18 J-g~":K-T;
density = 0.997 g/mL) at 20.0 °C, then what would be the final temperature of the mixture?

(a) 15.0°C
(b) 16.3°C
(c) 18.8°C
(d) 15.9°C
(e) 17.1°C
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10. Alead children’s toy at 120. °C has exactly four times the mass of another lead toy, which is
at 40. °C. Both toys are placed inside a calorimeter whose heat capacity is negligible. What
is the final temperature inside of calorimeter? Ceaq=0.130 J/g-°C

(a) 96.°C
(b) 104.°C
(c) 108.°C
(d) 112.°C
(e) 116.°C
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5. In an ideal calorimeter, you combine 0.200 mol KOH(aq) with 0.200 mol HNOs(aq) in a total
of 1.00 x 102 mL water. The temperature increases from 22.4 °C to 49.2 °C. What is the
heat change of this reaction in kJ per mole of base? Assume that density of the mixture is
0.997 g / mL and its specific heat capacity is 4.18 J-g~-K-", the same as water.

(a) —11.2 kJ / mol
(b) 11.2kJ / mol
(c) —56.0 kd / mol
(d) 56 kJ / mol

(e) 56000 kJ / mol
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7. You have a new, imperfect calorimeter that participates in heat transfer. To measure the
heat capacity of this calorimeter, you fill the calorimeter with 5.00 x 102 g of water (c = 4.18
J-g~"K-"), combust 3.00 g of ethanol (C2HsO) in the calorimeter and record that the water’s
temperature increases from 22.0 °C to 59.6 °C as a result of the heat released by
combustion. Given that the heat of combustion of ethanol is known to be —1360 kJ/mol, what
is the heat capacity of your new calorimeter? (Ignore the fact that combustion produces a
small amount of additional water.)

(a) 187 J-K-1
(b) 202 J-K-1
(c) 228 J-K-1
(d) 265 J-K-1
(€) 313 JK-T
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2. All of the following chemicals have a standard heat of formation of zero at 25°C and 1.0
atm except

(a) Nz (g)
(b) C (diamond)
(c) Fe(s)
(d) Hy(l)
(e) Ar(g)
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11. Which of these equations correctly describes the heat of formation of monosodium
glutamate (CsHsNOsNa)?

(a) CsHs(s) + NO4(g) + Na(s) — CsHgNOsNa(s)

(b) 5C(diamond) + 8H(g) + N(g) + 40(g) + Na(s) — CsHsNOsNa(s)

(c) 5C(graphite) + 4H20(/) + 2N2(g) + Na(s) — CsHsNO4Na(s)

(d) 5C(graphite) + 8H(g) + N(g) + 40(g) + Na(s) — CsHsNOsNa(s)

(e) 5C(graphite) + 4Hz(g) + “2N2(g) + 202(g) + Na(s) — CsHgNOsNa(s)
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16. Which of the following equations represents the correct formation equation for
CHsHgOH(s)?

) C(graphite) + 2H2(g) + ¥202(g) + Hg(s) = CHsHgOH(s)
) C(graphite) + Ha(g) + %202(g) + Hg(l) = CHsHgOH(s)

) C(graphite) + 2H2(g) + 1202(g) + Hg(l) & CHsHgOH(s)
) C(graphite) + 2H2(g) + %202(g) + Hg(l) = CH3HgOH(l)

) C(graphite) + 2H2(g) + O2(g) + Hg(l) = CHsHgOH(s)
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8. What Is the ditference between A and A7

(a) AH° is the temperature-dependent enthalpy change.

(b) AH° is the reference enthalpy change for a comparison reaction and AH is the
enthalpy change of your reaction.

(c) AH s the reference enthalpy change for a comparison reaction and AH° is the
enthalpy change of your reaction.

(d) AHF is the enthalpy change under the specific conditions of your reaction and AH is
the enthalpy change at the standard state: 1 mol/L concentration, 1 ATM pressure,
and typically 298.15 K.

(e) AH s the enthalpy change under the specific conditions of your reaction and AH° is
the enthalpy change at the standard state: 1 mol/L concentration, 1 ATM pressure,
and typically 298.15 K.
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13. Under what situation will AH*; be a positive number?

(a) Never; AH°t is always a negative number.

(b) When the substance is more stable than its constituent elements in their standard
states.

(c) When the substance is less stable than its constituent elements in their standard
states.

(d) When the heat of formation involves a phase change from solid elements to a
substance in the gas phase.

(e) When there is a pressure increase during the formation of the substance.
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13. The enthalpy change for the following reaction is 184.6 kJ.
2 HCl (g) = H2(g) + Cl2(g)

What is the standard enthalpy of formation, AHy, for HCI(g)?

(a) —369.2kJ
(b) —184.6 kJ
(c) —92.3kJ
(d) +92.3kJ

(e) + 184.6 kJ
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9. The combustion of methanol is described by the following equation:

CHzOH (1) + O2 (g) = CO2(g) + 2H20 (1)
Use Hess's Law to calculate the enthalpy of combustion (AHc°) of methanol given the following

standard enthalpies of formation (AHw ).

Chemicals CH3OH (1) H20 (1) H20 (g) CO2(9)

AHpe (kJ/mol) —238.0 —285.5 —241.8 —393.51

(a) —639.1kJ
(b) —483.6 kJ
(c) —726.5kJ
(d) 726.5 kJ

(e) —280.2kJ
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15. Solid strontium chloride (SrClI2) is added to an aqueous solution of silver nitrate,
precipitating silver chloride. Given that the standard enthalpy of reaction (AH®wn ) is
—182.97 kJ determine the standard heat of formation (AH®) for silver ions (Ag+(aq))

SrCla (s) + 2 Ag+(aq) + 2 NOs— (ag) — Sr2+(aq) + 2 AgCI (s) + 2 NOz~ (aq) AH x,n= —182.97 kJ

Species SrClz (s) Sr2+(aq) AgCI(s) NOs—(aq) Cl-(aq)

AH®t (kJ/mol) —828.4 —545.51 —127.03 —206.57 —167.46

(a) —719.5 kd/mol
(b) 105.9 kJd/mol
(c) —100.67 kd/mol
(d) 312.47 kJ/mol
(e) —348.47 kd/mol
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18. The standard heat of combustion of ethanol, C2HsOH, is —1372 kJ/mol ethanol. How much
heat (in kJ) would be liberated by completely burning a 20.0 g sample?
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6. Combustion of hydrogen gas is described by the following equation.
Ha(g) + %202(g) — H20()) AH°c = -285 kJ

Electrolysis is the reverse reaction: splitting water to form hydrogen and oxygen gas. How
much energy is needed to produce 2 moles of H, by electrolysis?

(a) 570 kJ
(b) -570 kJ
(c) 285 kJ

(d) 285 kJ
(e) ~143kJ
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14. Given the following chemical equations and enthalpy changes, calculated AH° for the
decomposition of sulfuric acid.

HsSO04() » SOs(g) + HiO(g)  AH =2

HS(g) + 202(g) — HaS0u()) AH° =-235.5k]
H2S(g) + 201(g) — SOs(g) + H20()) AH® =-207 kJ
H>0()) — H20(g) AHP =44 %]

(a) 72 kJ
(b) ~72kJ
(c) 398 kJ
(d) 398 kJ
(e) 235.5kJ
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15. Using these equations, determine the heat of formation AH°r of NO(g).

Na(g) + 3Ha(g) — 2NHs(g) AH = -91.8kJ
4NHs(g) + 505(g) — 4NO(g) + 6H20(g) AH® = -906.2 kJ
Ha(g) + 40s(g) — H20(g) AH® = —241.8kJ

(a) —361 kJ/mol
(b) —183.6 kJ/mol
(c) 90.2 kd/mol
(d) 361 kd/mol
(e) 0 kJ/mol
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22. What type of electromagnetic radiation has a wavelength of 101 m?

(a) Infrared (IR)

(b) Ultraviolet (UV)

(c) X-ray

(d) Radio Frequency (RF)
(e) Visible
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16. Of the symbols below, which is used to express frequency?

@ v
(b) 2
(c) P
(d) ¢
(e) C




image27.png
Below are the graphical representations of five (numbered) waves. Use those images to
answer the following two questions.
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17. Which of the waves in the figure above has the lowest frequency?

(a) Wave 1
(b) Wave 2
(c) Wave 3
(d) Wave 4
(e) Wave 5

18. Which of the waves in the figure above has the highest energy?

(a) Wave 1
(b) Wave 2
(c) Wave 3
(d) Wave 4
(e) Wave 5
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19. FM station KROCK broadcasts music at 99.1 MHz. Find the wavelength of these waves.

(a) 1.88x102m
(b) 3.03m

(c) 3.03 km

(d) 5.33x102m
(e) >10°m

20. If the energy of a photon is 1.32 x 10-18J, what is its wavelength in nm?

(a) 150. nm

(b) 1.50 x 107 nm
(c) 1.99 x 10'>nm
(d) 1.99 x 102* nm
(e) 1.50 x 101 nm
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21. Which statement below best describes the blackbody radiation effect?

(a) When solids, liquids, or condensed gases are heated sufficiently, they radiate some
of the excess energy as light.

(b) When a photon of light, with sufficient energy, is able to eject an electron from a
metal surface.

(c) The interference pattern for electrons passing through very closely spaced slits
demonstrates the photoelectric effect.

(d) The emission of a photon as an electron on an atom returns to its ground electronic
state.

(e) The orbital paths of electrons around nuclei, following a wavelike pattern.
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21. Which statement below best describes the photoelectric effect?

(a) When solids, liquids, or condensed gases are heated sufficiently, they radiate some
of the excess energy as light.

(b) When a photon of light, with sufficient energy, is able to eject an electron from a
metal surface.

(c) The interference pattern for electrons passing through very closely spaced slits
demonstrates the photoelectric effect.

(d) The emission of a photon as an electron on an atom returns to its ground electronic
state.

(e) The orbital paths of electrons around nuclei, following a wavelike pattern.




image32.png
23. A piece of aluminum is used in a photoelectric device,
and illuminated with a number of light sources, with
specific emission wavelengths. Which of the
wavelengths tabulated below would be able to
demonstrate the photoelectric effect? The work function
for aluminum is 6.54x10-19J.

a) Lamps 1,2 &3
b) Lamps 2 & 4
c)
d

Lamps 1 &3
Only lamp 1

(
(
(
(
(e) Only lamp 4

)
)

e
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11. What is the threshold frequency for sodium metal if a photon with frequency 6.66 x 1014 s-1
ejects an electron with 7.74 x10-20 J kinetic energy?

(a) 6.32 x 101451
(b) 5.49 x 1014 s-1
(c) 5.24 x 101451
(d) 4.48 x 1014 51
(e) 4.52 x 101451
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22. What is the energy of the sole electron on the hydrogenic ion (B4+) when the electron is in
the n = 3 level?

(a) -2.18 x 10184
(b) -3.88x 1018
(c) -6.06 x 10-18J
(d) -2.42x 1019 J
(e) -9.69 x 10-19J
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22. Use the Rydberg equation calculate the wavelength of the photon absorbed when the
hydrogen atom undergoes a transition from n=3to n=5.

(a) 130 nm
(b) 13 nm
(c) 12.8 m
(d) 128 nm
(e) 1280 nm
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4.Use the Bohr equation to calculate the energy change in an electron on a Li2+ atom when the
electron moves from the n = 6 to the n = 3 level.

(a) 1.82x10-19J

(b) 1.64x10-18J

(c) —1.64x 1018y

(d) —1.82x10-19J

(e) Can not be determined without more information
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1. The difference between kinetic and potential energy is that

(a) kinetic energy refers to energy stored within a substance and potential energy refers
to the possibility that a substance might release its energy

(b) kinetic energy refers to motion and potential energy refers to energy stored within a
substance

(c) kinetic energy refers the reaction of a substance experiencing a physical force and
potential energy refers to the possibility that a substance might release its energy

(d) kinetic energy refers the a change in the electron configuration of a substance and
potential energy relates to the original electron configuration

(e) kinetic energy and potential energy represent two extremes: a substance has
potential energy at low temperature and kinetic energy at high temperature
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27. An atom of He+ has its electron in the n = 3 energy level. The atom is struck by a photon
with an energy of 7.27x10-19 J, exciting the electron to a higher energy level. What level
has the electron been excited to?

(a) 2
(b) 4
(c) 5
(d) 6
(e)7
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24. When a hydrogenic atom absorbs a photon of light the electron on the atom can be
promoted to a higher energy level. If each of the electron transitions below were
accomplished through the absorbance of a photon of light, which would be the result of the
absorbance of the shortest wavelength of light?

(@) Fromn=3ton=5
(b) Fromn=5ton=6
(c) Fromn=1ton=6
(d) Fromn=2ton=3
(e) Fromn=8ton=7
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36. On the figure to the right which transition (arrow)
depicts what happens to an electron when a
ground state atom of hydrogen absorbs a photon
with sufficient energy to ionize the atom?

2203l
NN SN
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25. A sprinter must average 24.0 mi/h to win a 100-m dash in 9.30 s. What is his wavelength at
this speed if his mass is 84,500 g?

(a) 3.26 x 103 m
(b) 3.96 x 108" m
(c) 5.08 x 10-3m
(d) 1.34 x 100 m
(€) 729 x 10-¥ m
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28. Under experimental conditions, molybdenum can emit X-rays with a wavelength of 7.11 nm.
How fast would an electron have to be moving in order to have the same wavelength as the
emitted X-ray?

(Note: mass e— =9.11 x 1028 g)

(a) 10.2 m/s

(b) 0.10 x 104 m/s
() 1.02x 105 m/s
(d) 1.2x 103 m/s
(e) 1.22 x 105 m/s
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19. The Heisenberg Uncertainty Principle states that

(a) no two electrons in the same atom can have the same set of four quantum numbers.

(b) two atoms of the same element must have the same number of protons.

(c) itis impossible to determine accurately both the position and momentum of an
electron simultaneously.

(d) electrons of atoms in their ground states enter energetically equivalent sets of
orbitals singly before they pair up in any orbital of the set.

(e) every orbital in a sub-shell is singly occupied with one electron before any one orbital
is doubly occupied, and all electrons in singly occupied orbitals have the same spin.
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12. According to the Heisenberg uncertainty principle, if the uncertainty in the speed of an
electron is 3.5 x 103 m/s, what is the uncertainty in it position (in m)? (mass of an electron is
9.11 x 10-28@g)?

(a) 6.6 x 108m h
Eb)) :76m . (Ax) (mAu) > =
C .o X °m

(d) 66m

(e) 75m
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23. The shape of an atomic orbital is associated with which

(@) my
(b) 1
)y n
(d) ms
(e) v
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35. Which atomic orbital is described by the image to the right.

(a) 1s =
(b) 2s Node
(c) 2p

(d) 3s

(e) 3d ~—
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33. To the right is an image of an atomic orbital. What is the angular momentum (I) quantum
number that this orbital could have?

Q0 0o

~~ e~~~

2203l
AWM= O
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6. Which statement correctly describes an endothermic chemical reaction?

(a) the products have higher overall formation energy than the reactants, and the AH xn
is negative

(b) the products have higher overall formation energy than the reactants, and the
AHxnis positive

(c) the products have lower overall formation energy than the reactants, and the AHmnis
negative

(d) the products have lower overall formation energy than the reactants, and the AHmnis
positive

(e) None of the above statements are right
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24. Which of the following is a correct set of quantum numbers for a 5f orbital?

(@) n=5,1=2, m=+3
(b) n=5,1=4, m=+3
() n=3,/1=3, m=+3
(d) n=4,1=3, m=+2
(e) n=5,1=3, m=+1
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1. Which of the following sets of quantum numbers describe an impossible situation?

(a) n=2, I=1, mi=-1, ms= +1/2
(b) n=5, I=2, mi=2, ms=-1/2

(c) n=6, I=3, m=0, ms=0

(d) n=3, I=3, mi=1, ms= +1/2
(e) n=4, I=2, m=1, ms=+1/2
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28. In a single atom, what is the maximum number of electrons which can have quantum
number n =47

(a) 4
(b) 6
(c) 18
(d) 32
(e) 36
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35. How many total p electrons are there in an atom of calcium ?

P20 TD®
N N
© N

()

—_—_ o
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33. Which of the following electron configurations is correct for the excited state of an element?

(a) [He]2s22p5
(b) [Ne]3s'3p3
(c) [Ar]4s%4p!
(d) [Kr]5s244d7
(e) [Hel1p!




image52.png
29. Select the correct electron configuration for Cu.

(a) [Ar]5s24de
(b) [Ar]4s24de
(c) [Ar]4s24ps3d3
(d) [Ar]4s23de
(e) [Ar]4s13d1°
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27. Write the complete electron configuration for the Zn2+_ion.

(a) 1s22522p63s23p63d10
(b) 1s22522p63s23p63d?

(c) 1s22522p63s23pt3ds

(d) 1s22522p63s23p64s23d10
(e) 1s22522p63s23pb4s13d10
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30. Below is an orbital diagram of the ground state outermost electrons of an atom (the other
electrons are omitted for clarity). X and Y could be any whole number integer. Which of the
atoms listed below could this orbital diagram accurately represent?

a) Sulfur

(

) Seemion u N t 1l NNt
(

(

%<|_’

d) Germanium - T Y
e) Tin
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28. When phosphorus gains an electron to become P- what is the quantum number for the
electron that has been gained by the atom?

(@ n=2,I=1,m=+1,ms=—"%
by n=3,/=1,m=0,ms= +%
(c) n=3,1=0,m=0,ms= +%
dyn=38,/1=2,m=-1,ms V2
(e) n=38,1=1, m=-1,ms Y2
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5. Which statement below best describes the Pauli Exclusion Principle?

(a) no two electrons in the same atom can have the same set of four quantum numbers
(b) two atoms of the same element must have the same number of protons.

(c) it is impossible to determine accurately both the position and momentum of an
electron simultaneously.

(d) electrons of atoms in their ground states enter energetically equivalent sets of
orbitals singly before they pair up in any orbital of the set.

(e) charged atoms (ions) must generate a magnetic field when they are in motion.
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3. What happens to the water in a calorimeter when an exothermic reaction occurs in it?

a) The water absorbs heat, and a drop in temperature is observed.
b) The water absorbs heat, and a rise in temperature is observed.

c) The water releases heat, and a drop in temperature is observed
d) The water releases heat, and a rise in temperature is observed.
e) The water absorbs heat and temperature has no change.

(
(
(
(
(
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36. Who'’s guidance explains why electrons remain unpaired until each suborbital is filled with a
single electron first?

(a) Pauli’s exclusion principle.
(b) de Broglie’s effect.

(c) Brannigan’s law

(d) Hund’s rule.

(e) Planck’s principle.
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32. How many valence electrons are there in an atom with the electron configuration [noble
gas]ns?(n - 1)d'°np*?

(a) 2
(b) 4
(c)6
(d) 10
(e) 14
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34. Which of the atoms will have the smallest first ionization energy?

(a) Helium
(b) Strontium
(c) Barium
(d) Nitrogen
(e) Fluorine
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27. Based on position in the periodic table, predict which has the smallest atomic radius?

(a) 1
(b) F
(¢) N
(d) Rb
(e) Li
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29. The effective nuclear charge (Zer) for an atom’s electron is less than the actual nuclear
charge primarily due to

(a) shielding.

(b) penetration.

(c) paramagnetism.

(d) electron-pair repulsion.
(e) different nuclear charges.
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32. Which one of the following elements is the least electronegative?

(@) F
(b) Fr
(c) Br
(@ C
(e) Pt
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30. Which one of the following equations correctly represents the process involved in the
electron affinity of X?

(a) X(g) » X+(g) +e-

(b) X(g) + e~ X(g)

(€) X+(g) + Y~(9) » XY(s)
(d) X+(g) - X+(aq)

(e) X+(g) + e~ X(g)
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26. What is the correct order of decreasing size of the following ions?

(a) P#>Cl-> K+> Ca2+
(b) Caz>K+>Cl->P3-
(c) K+ >Cl-> Caz > P3-
(d) K+> Cl-> P%> Ca2+
(e) None of the above is correct.
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32. Listed below are the energies for the sequential ionizations of an atom. Based on these
values determine which element was being ionized.

1E4 IE2 IE3 IEs IEs IEs IE7
(ﬁ:fr:l%‘:) 578 1817 2745 11575 14830 18376 23293
(a) Nitrogen
(b) Sodium
(c) Scandium
(d) Aluminium
(

)
e) Sulfur
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21. Listed below are the energies for the sequential ionizations of an atom. Based on these
values determine which element was being ionized.

IE; IE2 IE3 IE4 IEs IEs IE7

Energy
(kJ/mol)

(a) Aluminium
b) Sodium
c) Silicon

d) Chlorine
e) Sulfur

787.2 15677.2 3231.4 4356.3 16091.2 19784.3 23782.6

(
(
(
(
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3. Consider the following thermodynamic properties which of these properties are
state functions?

i)  Work done on a system
i) heat absorbed

iii) enthalpy

iv) internal energy

V) pressure

(a) i) and ii) only

(b) i) and iii) only

(c) iii) and iv) only

(d) iii), iv) and v) only

(e) All of them are state functions
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33. Consider the second ionization energy for each of the atoms listed below. Which of these
atoms will have the greatest second ionization energy?

(a) Mg
(b) Na
(c) Ca
(d) Ne
(e) Rb
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10. You are going on an ultralight backpacking trip and bringing along an isobutane-burning
camp stove. Assuming that your stove can heat water with perfect efficiency (i.e. no heat is
transferred to anything other than the water [obviously, no real stove can do this]), what is
the maximum amount of water that you can heat from an outdoor evening temperature of 10
°C (50 °F) to boiling (100 °C) using a standard 4.00 oz. isobutane canister? (4.00 oz. = 113
g; isobutane = CsH10; AH°: = —2870 KJ/mol; Cyater = 4.18 J:g~1-K-T; dwater = 0.997 g / mL)

(a) 12.1L
(b) 14.4 L
(c) 14.9L
(d) 15.9 L
(e) 17.1L
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2. If a system undergoes an adiabatic change (i.e., g = 0) and its energy increases (AE > 0),
then what work was done?

(a) No work was done.

(b) Work was done on the system by its surroundings.

(c) Work was done on the surroundings by the system.

(d) The system and the surroundings did a matching amount of work on one another.
(e) The total work of the system and surroundings approaches infinity.
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1. Asystem that undergoes an internal energy increase of 50 J and at the same time has 120 J
of work done on it. What is the heat change of the system?

(a) —70J
(b) 70 J
(c) 1704
(d) —170J
(e) 0J




