Section 1-Kuwata Fall 2004

Name: KEY

Chemistry 111
Test 2
October 27, 2004

Instructions before starting the test:

I.

Nk L

Your exam booklet should have seven pages total, with questions on pages 2-5, extra space
to work on p. 6, and a periodic table of electronegativities and other reference data on p. 7.
Check to see you have seven pages now. If you do not, ask for another copy of the exam.
You may remove the last page, which contains reference data.

Write your name in the space above and on the backs of pages 2-6.

This exam is closed-everything.

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

You do not need to justify your answers unless you are explicitly told to do so.

You have 90 minutes to work on this exam. (The test should take you only 60 minutes.)

Page (Possible Points) Your Score
Page 2 (20)
Page 3 (27)
Page 4 (28)

Pages 5-6 (25)
Total (100)

Average of Tests 1 and 2
Midterm Grade
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Section 1-Kuwata Chemistry 111 Fall 2004

1. (20 points total) Circle the best answer to each of the following five questions.  Your
answers need not be justified, and no partial credit will be awarded.

A. The geometry of the CS, molecule is best described as ‘_S , = C: S

(a) tetrahedral inear (c) trigonal planar

(d) trigonal pyramidal (e) bent

B. Which of the following statements about molecular structure is true?

(a) The fact that NH; has a larger bond angle than H,O is due to the greater repulsion

between the two lone pairs on the O in H,O. N© @ Qr A2 'QP ocks puapench aular to H-O{- H
i fame
(b) In PCls, all five P-Cl bonds are identical in length.p0 v (P- Loy ) vy rCP-cX %)

(c) Experiment indicates all molecules with an even number of electrons are diamagnetic. NOL eq. 0,_

(d) It is impossible for a bonding molecular orbital to contain a node. NO ~ o ﬁ-;_f,
one of statements (a), (b), (c), or (d) are true.

C. Which of the following statements about molecular structure is false?

F , s\'mq_ XC&)? X (SV‘J
(2) The bond angle in SCI, will be larger than the bond angle in SBr.

(b) A trigonal planar geometry can be explained by the hybridization of an s atomic orbital
with the py and py atomic orbitals. T~
T

(¢) In NHs, the lone pair on N occupies an sp> hybrid orbital.
(d) Hybrid orbitals are used to make sigma bonds in molecules. T

(e) In BeH,, the Be atom has two empty, unhybridized p orbitals. T

D. The valence electron configuration for a second-row diatomic molecular cation, Zng’, is
/ -
(czs)z(c*2s)2(02p)2(n2p)4(n*2p)2. What is the identity of element Z? Fa * (v ©S

£ [Lvaluag
@¢ ®)N ©0 @ (e) Ne S:/P‘\-& Qo i vg levmae €

Com ‘Q‘j/

E. Which of the following substances is polar?

(a) CO, (b) BF; @s::m (d) PFs (e) SF¢
E .. _F

~ Se d

7N E

CN FSM

‘:‘.
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2. Lewis structures (valence bond theory) and molecular orbital theory sometimes make different
predictions of the properties of novel species.

(a) (9 points) Draw the best possible Lewis structure for boron carbide (BC), and use this
structure to predict BC’s bond order (B. 0.). Beet | s R=3C-

-2 F ’BzC.'-(Fo'smhfﬂ(e "\')1\8.0.%"9103)
4 et e S5y o
-5 w # of e/ -\ 9%‘2‘@ 'ﬁ"’wmﬁdmu‘[a 0.=1 23 | fsee.
-5 Smmj e”'s nb A R=c¢! (ve

w low B.0.) Condistent )
(b) (14 points) Predict the bond order of BC by drawing and filling in the correct molecular
orbital (MO) energy level diagram. You are required to include the atomic orbitals as part

of the MO diagram. Be sure to label which atom corresponds to which side of the
diagram.

) -4 A's drawn ag W,&h E
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=5 w A.t'a.ylaM\.
2p >A7 ﬁzbwmﬁﬁmjﬁ7
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| szlm - & u(nrw\? #of Aols
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2% M-aul.)
R C
(highan )
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wovk,
Wl\l\t\/blutulﬂ fdi‘lﬂﬁ ({‘WC WM) ':\//‘f

Bond Order = | | &

_ (’F'*“ et v ‘F Sehc“ W""W'{')
(¢) (4 points) Which picture on the overhead projector corresponds to boron carbide’s highest

occupied molecular orbital (HOMO)?
() @? (i) (iv)

a ¥ { T * T
(Circle the correct answer. You do not need to justify your answer.)
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Boron Carbide (BC) Molecular Orbitals

(in each case, boron is on the left and carbon is on the right)

(i) (ii)

(iii) (iv)
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