Chemistry 1A, Spring 2011

Midterm 2
March 7, 2011
(90 min, closed book)

Name:

SID:

TA Name:

There are 40 multiple choice questions worth 3 points each.

Only answers on the Scantron form will be graded.

You can tear off the equation sheet and the periodic table for your convenience.
Scantron must be properly filled in and cannot contain any smudges or other
marks. Scantrons will not be rescanned!

You can use the page margin or the back of the pages as scratch paper.
. You can take the exam booklet with you after the exam.
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Quantum:
E=hv
AV =C
A deBroglie=h/p=h/mv
Exin(e-) =hv-®d =hv-hvyg

2
E, = —i—z R,
AX Ap ~h
p=mv
E,=h*n’/8mL?;n=1,2,3...
Ev= (v + %) hA/2x; A =(k/m)”
E,=n(n+ 1) hB; B =h/87%l; | = 2mr?
m = mamg/(Ma + Mg)

Ideal Gas:

PV =nRT

Ekin = E RT
2

[3RT
Vrms =
M

Constants:

No = 6.02214 x 10% mol™*
R, =2.179874 x 108
R, = 3.28984 x 10*° Hz

k = 1.38066 x 102 J K™
h =6.62608 x 10°*J s

me = 9.101939 x 10 kg
c=2.99792 x 108 ms*

T (K)=T(C) +273.15

F =96,485 C/ mol

1v=1J)/C
Gas Constant:

R =8.31451 J K1 mol™

R =8.20578 x 102 L atm K mol™*
1nm=10"m

1 kJ =1000J

1 atm = 760 mm Hg = 760 torr = 1 bar
1Latm = 100J

Thermodynamics:

AG® = AH®° - TAS®

AH° = 2 AH® (products) - 2 AH°¢ (reactants)
AS° = 2 S° (products) - 22 S° (reactants)

AG® = 2 AG® (products) - 2 AG® (reactants)
S = kglnW

AS = Qre/ T

AE=qg+w

W = - PeAV

foraA + bB = cC +dD

o [C]°[D]"
[A]*[B]®
AG =AG° + RTIn Q

G = G° + RTIn(a); a = activity = yP/P° or y[A]/[A]°

At equilibrium, Q = K

AG° =-RTIn K
AG°® = - nFAE®
A€ = A€° - (RT/nF) InQ
K 81" 88
T R
AT = ikb'f m
I1=iMRT
Piotal = Pa + Pg = XaPa® + XgPg°
Acid Base:

pH = - log[H;0]

pX =-log X

[A-
H = pK log——=
p PR, + g[HA]
Kinetics:

[Al: = [Aloe™

In[A]; = In[A]o - kt

tys = In2/k

U[A]; = V[A] + kt

k =A e(—Ea/F{T)

In(ka/kz) = E4/R ( 1/T, - 1Ty
to= L[AJok
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1.0

>

e 4p orbital can hold ___ electrons.

N -

none of these
ANS: B

2. In many-electron atoms, the energies of the orbitals depend upon
A.n

B. |

C. m

D. nand |

E. nand m,

ANS: D

3. Which of the following is not a p-block element?
A K

B. Sn

C. Sb

D. At

E. More than one of these is not p-block elements.
ANS: A

4. The electron configuration for sulfur is
A. 15°25°2p°3s”

B. 1s5°25°2p°3s”3p!

C. 1s%25%2p®3s?3p*

D. 1s%25°2p°3s°3p°

E. none of these

ANS: C

5. All of the alkaline earth metals have the electron configuration in their valence
orbitals.

A. ns'

B. ns®

C. ns’np'

D. ns’np’

E. none of these

ANS: B

6. If the element with the electron configuration [Rn]5f**6d'°7s?7p* existed, it would belong to
which group?

A. boron group

B. carbon group

C. nitrogen group
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D. oxygen group
E. halogens
ANS: D

7. For which of the following processes is AE = IE;?
A. X'(g) +& — X(9)

B. X(s) > X'(s) + &

C. X(g) > X"(g) +€

D. X'(g) > X*'(g) +¢

E. none of these

ANS: C

8. Which of the following theories correctly predicts the magnetic properties of molecular
oxygen?

A. molecular orbital theory

B. valence bond theory

C. VSEPR theory

D. all of these

E. none of these

ANS: A

9. Which molecule contains a triple bond?
A. CyHy

B. CCly

C. H,0

D. N;

E. O,

ANS: D

10. Which element is the most electronegative?
A. phosphorus

B. silicon

C. carbon

D. nitrogen

E. oxygen

ANS: E

11. How many additional bonds are needed to complete the structure of the cyanide ion?: C-N’
A.0
B.1
C.2
D.3
E.4

ANS: C
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12. Rank the following in order of decreasing radius: K*, Na*, Cs*, Rb"
A. K"'>Na">Cs">Rb"

B. Rb">Cs">Na'>K"

C. Na*>K">Rb">Cs"

D. Cs">Rb">K">Na"

ANS: D

13. Select the element which never forms more than one bond in a Lewis Dot structure.

14. Which bond is least polar?
A. C-C
B. C-N
C. N-H
D. C-F
E. C-O
ANS: A

15. Which of the following Lewis structures does not contain an error?
A. H-C=N}

(i Rll

B. H-C=C-H
C. H-Br:

D. Theyall do
E. None of them do

ANS: C

16. Write the singly bonded Lewis dot structure for BFs. Which of the following statements best
describes this structure?

A. It obeys the octet rule on all atoms.

B. It has less than an octet on at least one atom.

C. It has a lone pair of electrons on the boron atom.

D. It has less than an octet of electrons on all atoms.

E. It exceeds the octet rule.

ANS: B

17. What is the formal charge on the nitrogen atom in the Lewis structure, [:CEN'-q:] ?
A. -2
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B. -1

C. +1

D. +2

E. none of these
ANS: C

18. Which of the following should have a dipole moment?
A. CO;

B. BCl;

C. BrFs

D. all of these

E. none of these

ANS: C

19. According to the VSEPR theory, which of the following should not be linear?
A. BeH,
B. SO,
C. CS;
D. NNO
E. ICI

ANS: B

The following 2 questions are about the carbon atoms in this compound:

20. The molecular geometry at each of the carbons is .
A. linear

B. trigonal planar

C. tetrahedral

D. trigonal pyramidal

E. bent

ANS: B

21. The hydridization at each of carbons is __.
A.sp

B. sp?

C.sp®

D. spd

E. sp*d?

ANS: B
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For the next two questions, assume the ionization energy of K is 417 kJ/mol and the electron
affinity of F is -325 kJ/mol

22. What is the approximate net energy change in producing K* from K and F~ from F (kJ/mol)
A. 742

B. 147

C.-742

D. 92

E.-92

ANS: D

23. What is a possible net energy change in making the KF molecule?
A. 92

B. 742

C.-241

D.0

E. 147

ANS: C

24. How many carbons in the structure shown below are NOT chiral?

0 H OH H H OH
0 S S S S
bod b b
A. 6
B. 5
C. 4
D. 3
E. 2
ANS: E

25. Label the hybridization at C#1, C#2, C#3, and C#4 in the molecule.

Cl C2 C3 (4
A.sp sp sp° spid
B.sp sp sp° sp°
C. sp sp* sp® sp
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D. sp* sp® sp® sp’

E. sp® sp® sp® sp°

ANS: B

Consider the molecules and molecular ions of F,, O, and N, to answer the following three

questions (The relative energies of the molecular orbitals for each is shown. You need to fill in
the electrons by yourself).

N2 O, F2
2pc™ 2pc™* 2pc™
2pn* 2pn* 2pn* 2pn* 2pn* 2pn*
2pc 2pn 2pn 2pn 2prn
2pm 2pn 2pc 2pc
2sc* 2sc* 2sc*
2sc 250 250

26.  Which of the following, according to molecular orbital theory, has the strongest bond?
A. F22+

B.F

C.0”

D.0O,

E. N,

ANS: E.

27. Which of the following bonds gets weaker when the species shown are ionized?
A F

B.F

C.0,"

D. N

E. Ny

ANS: D.

28. Which of the following is the most paramagnetic?

A. F,
B. F,2*
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C.0;
D. O,
E. N,**
ANS: B

29. Determine the hybridization around the central atom in 5F
A. sp
B. sp?
C. sp®
D. spd
E. sp’d®
ANS: D

30. Which is the energy diagram for the arsenic hybrid atomic orbitals in AsFs after
hydridization?

3d
4p 777
4s
A) B) C) D)

—_ ekl B [ — E) None of these

Answer: The solution to this problem lies in realizing that As atomic orbitals must be hybridized
to sp3d in order to form bonds to 5 fluorine atoms. After hybridization, there should be 5
orbitals with equal energy corresponding to the spd orbitals and 4 d orbitals remaining that were
not hybridized. The only diagram that shows this combination of hybridized and unhybridized
orbitals is choice A.

31. Which of the following species does not have resonance structures?
A. col-
B. SO,
C. H,0
D. NO;
E. O;
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ANS: C

For the next three questions, consider the following set of five orbitals:

A B C D E

32. How many nodes are displayed in orbital ‘D’?
A 0

Mmoo
NN

>

NS: B

33. What is the best label for orbital ‘A’?
A. 1s

B. 2s

C.2p

D. 3s

D.3p
ANS: C

34. Which orbital has the highest energy?
A. A

>MOU0®
omgOw

35. The apparatus pictured below is used to conduct the following experiment. After complete
evacuation of both chambers, valve b is closed, and a sample of CO»(g) is introduced through
valve a. When the pressure in the 1.650-L reservoir reaches 4.500 atm, valve a is closed. If valve
b is now opened, allowing gas to flow into the 6.850-L reservoir, the final pressure of CO; in the
apparatus (assuming no temperature change) will be
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A. 0.8735 atm
B. 0.9226 atm
C. 1.084 atm
D. 1.428 atm
E. none of these

ANS: A

36. How many moles of methane (CH,) are contained in a 35.0-L vessel at STP?
A. 0.488

B. 0.975

C. 195

D. 3.90

E. none of these

ANS: E

37. In a mixture of CO(g) and COy(g), the mole fraction of CO(g) (Xco) is 0.115. If the pressure
of the mixture is 2.50 atm, the partial pressure of CO; is

A. 0.288 atm

B. 1.25atm

C. 2.21 atm

D. impossible to determine
E. none of these

ANS: C

38. An absorbance of 0.234 at 520 nm is measured for a 0.0100 M solution of compound X. The
cuvette has a pathlength of 1.00 cm. What is the concentration of the compound X if the
absorbance is 0.113?

A.0.987 M

B.0.113 M

C. 0.00520 M

D. 0.00482 M

E.1.00 M

ANS: D

39. C,H, is a compound you investigated in the experiment "How the nose knows". Each
molecule of this compound contains

A. 2 o bonds and 2 © bonds

B. 2 6 bonds and 3 & bonds

C. 3 o bonds and 2 & bonds
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D. 2 6 bonds and 1 =« bond
E. 5 6 bonds and 0 = bond
ANS: C

40. In the experiment “Determination of the molarity of a strong acid”, if you titrated past the
end point until the indicator turned yellow, how would that affect the calculated concentration of
the HCI?

the concentration would be lower than the true value

the concentration would be higher than the true value

the concentration is not affected

the exact amount of HCI used is needed to decide how it affect the calculated concentration
. none of the above is correct

NS: A

>mMooOw>
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hydrogen

helium

2
He
4.0026
boron carbon nitrogen oxygen fluoring neon
3 4 6 7 8 9 10
Li | Be C|IN|O| F |Ne
6.941 8.0122 12.011 14.007 15.999 18.998 20160
sodium magnesium sllicon phosphorus sulfur chlorine argon
1" 14 15 16 17 18
Na Si| P | S |Cl|Ar
22.990 28.086 30974 32.085 35.453 39.948
potassium vanadium chromium | manganaese iron cobalt nickel copper zine germanium arsenic selenium bromine kryplon
19 23 24 25 26 27 28 29 30 32 33 35 36
K V |Cr|{Mn|Fe|[Co| Ni|Cu|Zn Ge | As Br | Kr
29.098 40.078 47 86T 50.942 51.996 54.938 55.845 58,933 58,693 63,546 65.39 T2.61 74922 79.904 B3.80
strontium Zirconium niohium lechnetium ruthenium rhodium cadmium tin antimony iodine Xenon
38 40 a1 43 48 50 51 53 54
85,468 87.62 88,906 91.224 95.94 [98] 106.42 10787 112.41 114.682 118.71 12178 127.60 126.90 131.29
caesium barium lutetium hafnium tantalum tungsten rhenium platinum gold Mercury thallium lead bismuth polonium astatine radon
55 56 57-70 71 72 74 75 79 81 82 83 84 85 86
Cs|Ba| ¥ | Lu| Hf W | Re Au Tl | Pb | Bi | Po| At | Rn
132.91 137.33 174.97 178.49 183.84 186.21 196.97 204.38 207.2 208.98 [209] [210] [222]
francium radium lawrencium | rutherford seaborgium bohrium ununu ununquadium
87 88 89-102 103 104 106 107 111 114
Fr | Ra|*x x| Lr | Rf Sg | Bh Uun|Uuu{Uub Uuq
[223] [226] [262] [261] [266] [264] [271] [272] [277] [285]
lanthanurn cerium  [praseadymium] neodymium | promethium | samarium | europium terbium dysprosium | holmium erbium yiterbium
*| anthanide series 57 58 60 62 63 65 66 67 68 69
La | Ce Nd Eu Dy|Ho| Er | Tm
138.91 14012 144.24 151.96 162.50 164.92 167.26 168.93
actinium thorium protactinium californium | einsteinium fermium [ mendel
** Actinide series 89 90 91 98 99 100 101
Ac | Th | Pa Cf | Es|Fm|Md
[227] 232.04 231.04 238.023 [237] [244] [243] [247] [247] [251] [252] [257] [258]
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