Section 1-Kuwata Fall 2004

Name: KE “r

Chemistry 111
Test 1
October 4, 2004

Instructions before starting the test:

1. Write your name in the space above and on the backs of the other pages.

2. This exam is closed-everything.

3. Your exam booklet should have six pages total, with questions on pages 2-5, and a periodic
table and other information on p. 6. Check to see you have six pages now. If you do not, ask
for another copy of the exam.

4. You may use programmable calculators, but chemical data should not be stored in them.

5. To receive full credit for a mathematical problem, you must show the method by which you
obtained the final answer, including dimensional analysis.

6. You have 60 minutes to work on this exam. Do not start until you are instructed to.
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Section 1-Kuwata Chemistry 111 Fall 2004

1. (12 points total) Circle the best answer to each of the following questions. Your answers
need not be justified, and no partial credit will be awarded.

A. Which of the following sets of quantum numbers is allowed?

@ n=2,1=2,m=1,msg=+1/2
byn=3,1=1,m=2,ms=-1/2
(©n=16,1=8,m=-8, m,=-112
(dyrn=3,1=2,m=1,mg=0

(e) None of choices (a), (b), (c), and (d) is allowed.

B. Which set of species is given in order of increasing radius?
(a) Cr, Cr*", Cr'*
(b) $*, CI, K"
®/Ig2+, Na', F°
(d) I, Br, CI'

(¢) None of choices (a), (b), (c), and (d) is given in order of increasing radius.

C. Which of the following statements is true?

(a) The most electronegative elements are in Period 6 of the periodic table.

(b) The wavelength of a standing wave increases with increasing number of nodes.
(¢) Solid SrO requires less energy to dissolve than solid BaO.

(d) Potassium reacts violently with water due to K’s high ionization energy.
Statements (a), (b), (¢), and (d) are all false.

2. (8 points total) Predict how many unpaired electrons there are in the ground state of Ni*",
Justify your answer with some representation of the ion’s electronic structure.
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3. (29 points total) For each of the following molecules or ions, do the following:
(i) Name the species (except for (c)).

(il)  Draw the best (that is, lowest-energy) Lewis structure, including any non-zero
formal charges. It is fine if you draw higher-energy Lewis structures as part of
your reasoning process, but be sure to label clearly what the best structure is.
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(¢) Cyanate ion, OCN" (C is the central atom)
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4. (24 points) Radiation in outer space leads to a variety of excited one-electron ions that are
extremely difficult to form on earth. One such species is the C** ion in the n = § state.

(a) Calculate the longest wavelength of light (in nm) that can be emitted by this ion.
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(b) What is the frequency (in s1) corresponding to the wavelength you computed in part (a)?
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5. (27 points) Choose one of the following essay questions (a or b):

a. What controls (i) the kinetic energy of electrons and (ii) the rate of emission of electrons
produced in the photoelectric effect? Contrast in detail what the wave model of light
versus the photon model of light say about (i) and (ii).

b. Consider the following possible electron configurations for strontium (Sr):

5s 4d 5s 4d

Circle the ground state configuration of Sr, and explain your choice. You should give at
least one stabilizing (i.e. energy-lowering) feature and one destabilizing (i.e. energy-
raising) feature of both I and II. Your explanation must also incorporate and interpret
plots of the radial probability distribution that show the correct number of radial nodes.
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