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Chemistry 4A, Exam II Name M { (,l/lCL el (
October 9, 2017
Professor R.J. Saykally asi  Ha mnah Wenoay
v
1. (25
2. (15)
3. (20)
4. (25

5. (15)

TOTAL EXAM SCORE (100)

Rules:

« Work all problems to 2 significant figures

* No lecture notes or books permitted .

* No programmable or graphing calculators permitted
Time: 50 minutes

Show all work to get partial credit

All answers must be written in the boxes provided

Periodic Table, Tables of Physical Constants, and Conversion Factors included
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Physical Constants

Standard Acceleration of terrestrial gravity g =9.80665 m s~ (exactly)
Avogadro's number N,=6.022137 x 107
Bohr radius : a,=052917725 A =52917725 x 10" m
Boltzmann's constant k,=1.38066 x 10>J K
Electron Charge e=16021773x 10" C
Faraday constant 7=96485.31 C mol"
Masses of fundamental particles:
Electron m,=9.109390 x 10" kg
Proton m,=1.672623 x 10" kg
Neutron m,=1.674929 x 10*" kg
Ratio of proton mass to electron mass m,/m, = 1836.15270
Permittivity of vacuum €,=8.8541878 x 10°C’ J' m"
Planck's constant h=6.626076 x 10 ] s
Speed of light in vacuum ¢ =299792458 x 10°m s (exactly)
Universal gas Constant R=28.31451J mol’ K'=0.0820578 L atm mol" K"

Conversion Factors

Standard Atmosphere latm=1.01325x 10"Pa=1.01325x 10’ kg m" 57 (exactly)
Atomic mass unit [ u=1.660540 x 10" kg
1u=1492419 x 10" J = 931.4942 MeV (energy equivalent from E = mc2)
Calorie 1 cal = 4.184 J (exactly)
Electron volt 1eV=1.6021773 x 10" J = 96.48531 kJ mol"
Foot 1 ft =12 in =0.3048 m (exactly)
Gallon (U.S)) | gallon = 4 quarts = 3.78541 L (exactly)
Liter-atmosphere 1 L atm = 104.325 J (exactly)
Metric ton 1 metric ton = 1000 kg (exactly)

Pound 1'lb=16 0z =0.45359237 kg (exactly)




Chemistry 4A F’17, Exam 11

1. (5 points each)
A)
1-D quantum well model.
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Estimate the energy of an electron in a C=C double bond (L = 1.34A) for its lowest 2 states using a
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B) Calculate the wavelength of light

necessary to excite the electron between these 2 states.
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C) Calculate the momentum of photon with this wavelength.
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D) Calculate the uncertainty in position of an electron having this momentum.
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E) Show (by calculation) that the cos(ax) function is not an acceptable solution to the Schrodinger
equation for this problem.
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2. (5 points each) Arrange the following substances in order and explain your choice of order
A) Mg?, Ar, Br, Ca® in order of increasing radius ’
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B) Na, Na’, O, Ne in order of increasing ionization encrgy
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C) H,F, Al, O in order of increasing electronegativity

Alig anetlildo dfaavds ubym  positeconylnd oW has Tl !oWﬁ-“YWA

oA B AS ik nod no deye w0l Hs 15 ond Ywnoed e Ruce s e
(S secon e WY, 4 MM;;{ONL“, we(y e woad c nd or Fehord
Y h \ F \ )
e\othon to wete o+ hove #iled 8] (ra .17 15
AleH< 0<F




Chemistry 4A F’17, Exam I1 Name

3. (5 points each) Consider the bonding in the NO2 molecule.
A)

Use VSEPR to determine the geometry (sketch and label) and hybridization.

B) Draw the correlation diagram for the pi molecular orbitals (using the convention of your text),
showing the occupancy. Specify the number of sigma and pi bonds.

A
‘t\\ Mo T nexwwe O a—%—%

2 0 hond-S

l / / | | T \,,vr\&

| AN A

\ Q/ T , s Fae
| N




Chemistry 4A F’17, Exam 11 Name-

C) Sketch the shapes of the n and n° molecular orbitals, labeling the axes and nodes.
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4. (5 points each) If an electron is removed from a nitrogen (N2) molecule, an N; molecular ion

forms: :
A) Give the molecular electron configurations for N2 and N; ,
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B) Give the bond order of each species
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C) Predict which species should be paramagnetic.
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D) Predict which species has the greater bond dissociation energy
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E) Why is a o (2s) orbital lower in energy than a ¢ (2p) orbital in a homonuclear diatomic?
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5. (5 points each) The wave function of an electron in the lowest (that is, ground) state of the
hydrogen atom is
1/2
¥Y(r)= —L exp (—_r)
na; ag

a, = 0.529 x 107%m

A) Write the integral that you would use to determine the probability of finding the electron inside a
sphere of volume 1.0 pm?, centered at the nucleus (1 pm = 10712 m)? You do not need to evaluate the

integral.
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B) Calculate the wavelength necessary to break the bond in the H> molecule (D. =431 ki/mol).
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C) Estimate the bond energy for the HJZ’ ion.
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