Second Major Exam, Chem101, Term 101, W. FِörnerPRIVATE 

0 version, thus all correct choices are A (besides questions
 16 and 20 from version 001)
1. What is the energy in Joule of one mole of photons associated with visible light of wavelength 486 nm?

A) 2.46 x 105 J

B) 4.09 x 10-19 J

C) 6.46 x 10-16 J

D) 6.46 x 10-25 J

E) 2.476 x 10-4 J

We have 1 mol of photons, and thus
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2. Identify the element with the groundstate valence electron configuration 4s24p4
A) Selenium

Se is in period 4 and thus n=4, being in group 6A, it has 6 valence electrons, 2 in 4s and 4 in 4p, and thus 4s24p4
B) Silicon

Si is in period 3 and thus n=3, being in group 4A, it has 4 valence electrons, 2 in 3s and 2 in 3p, and thus 3s23p2
C) Sulfur

S is in period 3 and thus n=3, being in group 6A, it has 6 valence electrons, 2 in 3s and 4 in 3p, and thus 3s23p4
D) Sodium

Na is in period 3 and thus n=3, being in group 1A, it has 1 valence electron in 3s, and thus 3s1
E) Potassium

K is in period 4 and thus n=4, being in group 1A, it has 1 valence electron in 4s, and thus 4s1
3. According to Heisenberg's uncertainty principle, you cannot determine simultaneously an electron's

A) position and velocity

that is the uncertainty principle, since momentum is mass x velocity

B) position and mass

has nothing to do with the uncertainty principle

C) mass and velocity

has nothing to do with the uncertainty principle

D) size and position

has nothing to do with the uncertainty principle

E) mass and size

has nothing to do with the uncertainty principle

4. In the hydrogen atom, if an electron drops from the 2nd to the 1st level, the energy of the photons emitted would be:

A) 985 kJ/mol

B) 131 kJ/mol

C) 416 kJ/mol

D) 725 kJ/mol

E) 328 kJ/mol

From Bohr's formula follows
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Thus for a mole of photons:
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5. The succesive ionization energies of a certain element are I1 = 589.5 kJ/mol, I2 = 1145 kJ/mol, I3 = 4900 kJ/mol, I4 = 6500 kJ/mol, and I5 = 8100 kJ/mol. This pattern of ionization energies suggests that the unknown element is 

A) Ca

Ca([Ar]4s2) ( Ca+([Ar]4s1) + e-    I1 = 589.5 kJ/mol

The second valence electron has a higher ionization energy, but no big jump:

Ca+([Ar]4s1) ( Ca2+([Ar]) + e-    I2 = 1145 kJ/mol

The next ionization energy is about 4.3 times larger, suggesting that now core electrons are removed:

Ca2+([Ar]) ( Ca3+([Ne]3s23p5) + e-    I3 = 4900 kJ/mol

As more core electrons are removed, the ionization potentials increase further:

Ca3+([Ne]3s23p5) ( Ca4+([Ne]3s23p4) + e-    I4 = 6500 kJ/mol

Ca4+([Ne]3s23p4) ( Ca5+([Ne]3s23p3) + e-    I5 = 8100 kJ/mol

B) S

[Ne]3s23p4: all 5 ionization potentials would correspond to valence electron removals and no large jumps should occur.

C) As

[Ar]4s23d104p3: also all 5 ionization potentials would correspond to valence electron removals (the 4s2 and the the 4p3 electrons) and no large jumps should occur.

D) K

[Ar]4s1: here already I2 would correspond to core electron removal and would show a large jump.

E) Si

[Ne]3s23p2: 4 of the 5 ionization potentials would correspond to valence electron removals and no large jumps should occur, while the jump would be at I5.

6. If the following set of quantum numbers represents the "last" electron addeed to complete the groundstate electron configuration of an element according to the Aufbau principle, which one of the following could be the symbol for the element?


n = 3, l = 1, ml = 0, ms = + 1/2

n = 3, and l = 0 (3s2) is completely filled, thus the configuration must be 3s23px
A) Si

3s23p2 (3. period, group 4A: 4 e- in 3s and 3p, 3d not yet filled)

this is correct, x=2

B) Na

3s1 (3. period, group 1A: 1 e- in 3s, 3p and 3d not yet filled)

C) Zn 

4s23d10 (4. period, group 2B: 2 e- in 4s, after which 3d is filled with 10 e-, 2 valence electrons, 3d is full)

D) V

4s23d3 (4. period, group 5B: 2 e- in 4s, after which 3d is filled with 3 e-, 5 valence electrons, 3d not full)

E) Ca 

4s2 (4. period, group 2A: 2 e- in 4s, 3p and 3d not yet filled)

7. All halides like Cl- have the following number of valence electrons:

A) 8

halogens X: ns2np5 (group 7A, period n), and thus X-: ns2np6, 8 valence electrons in shell n 

B) 1

C) 2

D) 6

E) 7

8. Which atom in each series (I and II) has the smallest atomic radius?

(I) Ba, Ra, At

(II) As, Sb, Bi

A) At; As

R(Ra) (n=7, 2A) > R(Ba) (n=6, 2A) > R(At) (n=6, 7A)

R increases as n increases within a group, and decreases left to right across a period (increasing main group number)

R(Bi) (n=6, 5A) > R(Sb) (n=5, 5A) > R(As) (n=4, 5A)

R increases as n increases within the same group

B) Ba; As

C) Ba; Bi

D) Ra; As

E) At; Bi

9. In which of the following series of elements do all elements have the same number of valence electrons?

A) Pb, C, Ge

Pb: n=6, 4A, C: n=2, 4A, Ge: n=4, 4A: same main group 4A, main group number = valence electron number: all have 4 valence electrons. correct

B) P, S, Cl

P 5A, S 6A, Cl 7A incorrect

C) Na, Ca, Ba

Na 1A, Ca 2A, Ba 2A incorrect

D) P, As, Se

P 5A, As 5A, Se 6A incorrect

E) P, S, Se

P 5A, S 6A, Se 6A incorrect

10. Which of the following elements has the largest electron affinity?

All choices have n=2, and across a period in general (neglecting exceptions) EA increases left to right (with increasing main group number)

EA(B) = 26.7 kJ/mol < EA(C) = 122 kJ/mol > EA(N) = -7 kJ/mol < EA(O) = 141 kJ/mol < EA(F) = 328 kJ/mol

A) F

7A, largest EA

B) B

3A

C) C

4A

D) N

5A

E) O

6A

11. An element has the electron configuration [Kr]4d105s25p1. The element is a(n)

A) metal

n=5, main group 3A: In (indium) which is below the metalloid line and thus a main group metal

B) nonmetal

when A) is correct, B) must be incorrect

C) transition metal

the 4d subshell is completely filled and thus it is not a transition metal

D) lanthanide

at n=5 the 4f subshell is not yet filled

E) actinide

at n=5 the 5f subshell is not yet filled

12. Which of the following groundstate ions has unpaired electrons?

A) Sc2+ 

Sc: [Ar]4s23d1 and thus Sc2+ is [Ar]3d1 with 1 unpaired electron

B) Se2-
Se: [Ar]3d104s24p4 and thus Se2- is [Ar]3d104s24p6 = [Kr]

C) Mg2+
Mg: [Ne]3s2 and thus Mg2+ is [Ne]

D) P3-
P: [Ne]3s23p3 and thus P3- is [Ne]3s23p6 = [Ar]

E) Na+
Na: [Ne]3s1 and thus Na+ is [Ne]

13. If the radius of metal X is greater than the radius of metal Y in the same period, then it is also likely that

Since R(X) > R(Y) and atomic radius decreases across a period from left to right (increasing effective nuclear charge), X is left of Y in the period.

A) X has greater metallic character than Y does.

is correct, since metallic character increases across a period from right to left

B) X has a larger electron affinity than Y does.

no, the opposite is true

C) X has a larger effective nuclear charge than Y does.

no, the opposite is true

D) X has a larger first ionization energy than Y does.

no, the opposite is true

E) X is a poorer conductor of electricity than Y when in the solid state.

Since X is more metallic than Y it is the better conductor

14. Calculate the lattice energy for MgO from the following data.

ΔfHo[MgO(s)] = -602 kJ/mol

1st ionization energy of Mg = 738 kJ/mol

2nd ionization energy of Mg = 1442 kJ/mol

1st electron affinity of O = 141 kJ/mol

2nd electron affinity of O = -878 kJ/mol

ΔfHo[Mg(g)] = 150 kJ/mol

ΔfHo[O(g)] = 247 kJ/mol

A) 3916 kJ/mol

B) 4163 kJ/mol

C) -4163 kJ/mol

D) 4794 kJ/mol

E) 4057 kJ/mol

Note the following sign definitions:

1st electron affinity of oxygen, EA1(O):

O(g) + e- ( O-(g)                    ΔHo = - EA1(O)

2nd electron affinity of oxygen, EA2(O):

O-(g) + e- ( O2-(g)                  ΔHo = - EA2(O)

lattice energy of MgO, ΔlattH[MgO(s)]:

MgO(s) ( Mg2+(g) + O2-(g)    ΔHo = ΔlatticeH[Mgo(s)]

Starting from the elements in their most stable forms, Mg(s) and O2(g), we arrive directly at 1 mol MgO(s) with the standard heat of formation:

Mg(s) + 1/2 O2(g) ( MgO(s)  ΔfHo[MgO(s)](0)

In a stepwise way, we first must create Mg(g), with ΔfHo[Mg(g)]:

Mg(s) ( Mg(g)                        ΔfHo[Mg(g)](1)

Then we must create 1 mol of Mg2+(g) ions in the gas phase, involving the first 2 ionization energies of Mg, I1(Mg) and I2(Mg):

Mg(g) ( Mg+(g) + e-                       I1(Mg)(2)

Mg+(g) ( Mg2+(g) + e-                   I2(Mg)(3)

The heat of formation of O(g) creates oxygen atoms in the gas phase:

1/2 O2(g) ( O(g)                     ΔfHo[O(g)](4)

Then the two electron affinities, EA1(O) and EA2(O), yield a mol O2-(g) ions:

O(g) + e- ( O-(g)                     -EA1(O)(5)

O-(g) + e- ( O2-(g)                   -EA2(O)(6)

Finally the lattice energy is involved when forming MgO from the ions in the gas phase:

Mg2+(g) + O2-(g) ( MgO(s)     -ΔlatticeH[MgO(s)](7)

Obviously (0) = (1) + (2) + (3) + (4) + (5) + (6) + (7)

and thus according to Hess's law:

ΔfHo[MgO(s)] = ΔfHo[Mg(g)] + I1(Mg) + I2(Mg) + 

+ ΔfHo[O(g)] - [EA1(O) + EA2(O)] - ΔlatticeH[MgO(s)]

and thus

ΔlatticeH[MgO(s)] = ΔfHo[Mg(g)] + I1(Mg) + I2(Mg) + 

+ ΔfHo[O(g)] - [EA1(O) + EA2(O)] - ΔfHo[MgO(s)]

= [150 + 738 + 1442 + 247 - 141 + 878 + 602] kJ/mol

= 3916 kJ/mol (choice A)

15. Which one of the following is the correct order of increasing lattice energy in the following ionic compounds?

A) KI < NaI < LiF < MgO

B) NaI < KI < MgO < LiF

C) LiF < NaI < KI < MgO

D) MgO < LiF < NaI < KI

E) MgO < KI < NaI < LiF

The smaller the ions are, the closer their charges are together, and according to Coulomb's law, a smaller distance leads to a greater force between them, and in turn to a larger lattice energy.

R(K+ n=4,1A) > R(Na+ n=3,1A) > R(Li+ n=2,1A) and R(I- n=5,7A) > R(F- n=2,7A)

Further because of the 2 positive and the 2 negative charges on Mg2+ and O2- the lattice energy of MgO is sure the largest

Thus for the distances d between the charges we have

d(KI) > d(NaI) > d(LiF) and in turn

ΔlatticeH(KI) < ΔlatticeH(NaI) < ΔlatticeH(LiF) < ΔlatticeH(MgO)

16. The Lewis structure of CO2 has

A) 2 lone pairs of electrons on each oxygen atom and 2 double bonds around the carbon atom.

B) 2 lone pairs of electrons on each oxygen atom and 1 single bond + 1 triple bond around the carbon atom.

C) 2 lone pairs of electrons on each oxygen atom and 2 double bonds around the carbon atom.

D) no lone pair of electrons on oxygen atoms and 2 double bonds around the carbon atom.

E) 2 lone pairs of electrons on each oxygen atom and 2 single bonds around the carbon atom.

first step: C in the center, 1 O left and 1 O right of it, single bonds between each O and C, octets at O atoms completed by 3 lone pairs each.

electrons needed: 2 x 6 (O) + 4 (C) = 16 e-
electrons in the structure so far: 2 x 8 (octet at each O atom) = 16 e-
However, C has no octet yet, but as an n=2 element it needs one:

from each O atom 1 lone pair is used to form a double bond to C

Thus we have 1 double bond (C=O) at each oxygen, and 2 lone pairs left on each oxygen, and all atoms have octets:
 |O = C = O|

Therefore there are 2 double bonds around the carbon atom and 2 lone pairs of electrons on each oxygen atom
Correct choice C) (version 001)
17. One possible Lewis structure of sulfate ion is shown below.

[image: image4.wmf]
Note that some O atoms were moved out of their lone pair boxes by Word.

1
The formal charges on the sulfur atom and on each oxygen atom are respectively,

A) 2 and -1

B) 2 and -4

C) 0 and -2

D) -1 and -1

E) 2 and 0

at S we have 4 bond pairs, each one shared half by O and half by S, thus there are 4 valence electrons on the S atom, but S in main group 6A needs 6 valence electrons to be neutral. So S has 2 electrons less than it needs to be neutral

So formal charge on S is +2

at each O atom we have 3 lone pairs, belonging to O alone and 1 electron from the bond shared with S. Thus oxygen in main group 6A which needs 6 valence electrons to be neutral, actually has 7 electrons, one more than it needs to be neutral.

So formal charge on each oxygen atom is -1, choice A

sum of formal charges = +2-1-1-1-1 = -2 = total charge

18. Which one of the following statements is TRUE? 

A) NO3- has three resonance structures.

Correct: N in the center, 3 O atoms around it, between N and each oxygen 1 single bond, 3 lone pairs at each O to complete their octets.

electrons present: 3 x 8 (3 octets at the O atoms) = 24 e-
electrons needed: 5 (N) + 3 x 6 (3 O) +1 (1 negative charge) = 24 e-
Now to complete the octet at N 1 lone pair from 1 O atom must be used to form 1 N = O double bond. This double bond can be shifted around all 3 O atoms, giving 3 resonance structures.

B) N-N-O and N-O-N are resonance structures of N2O.

Incorrect: resonance structures must have the same arrangement of atoms.

C) Benzene has three resonance structures.

Incorrect: the 3 CC π bonds can be arranged in the 6 member ring in only 2 different ways, giving 2 resonance structures.

D) SO2 has three resonance structures. 

Incorrect: S in the center, 2 O atoms around it, between S and each oxygen 1 single bond, 3 lone pairs at each O to complete their octets.

electrons present: 2 x 8 (2 octets at the O atoms) = 16 e-
electrons needed: 6 (S) + 2 x 6 (2 O) + 0 (no) = 18 e-
thus a lone pair must be added to S (S could expand its octet).

Now to complete the octet at S 1 lone pair from 1 O atom must be used to form 1 S = O double bond. This double bond can be shifted around all 2 O atoms, giving 2 resonance structures, and a negative formal charge at the single bonded O atom + a positive formal charge at S.

Alternatively there can also be 2 S = O double bond + 1 lone pair at S (because S can expand its octet), giving zero formal charges and no resonance structure.

E) A resonance structure with lowest energy can be singled out.

Incorrect: all resonance structures have the same energy

19. The bond length of HCl is 1.27 x 10-10 m and its dipole moment is 1.08 D. Calculate the magnitude of the partial charges in HCl in units of the electonic charge (electron charge = 1.6022 x 10-19 C; and 1 D = 3.336 x 10-30 Cm)

A) 0.177

B) 0.850

C) 0.610

D) 0.780

E) 0.625

charge separation: +Q on H and -Q on Cl; dipole moment = |Q|r(H-Cl). Thus
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20. Select the element whose Lewis symbol is correct.PRIVATE 
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1
Word has removed all the dots from the element symbols:

a) is Ga with 2 dots

b) is Al with 2 dots

c) is Br with 7 dots

d) is Tl with 4 dots

e) is Al with 1 dot

A) d

B) c

C) a

D) e

E) b

This is from version 001, so the correct choice is not A)

A) d: Tl with 4 dots: Tl is main group 3A and thus has 3 valence electrons and would need 3 dots to be correct, not 4, so d is incorrect

B) c: Br with 7 dots: Br is main group 7A and thus has 7 valence electrons and would need 7 dots to be correct as it has, so c and thus B) is correct

C) a: Ga with 2 dots: Ga is main group 3A and thus has 3 valence electrons and would need 3 dots to be correct, not 2, so a is incorrect

D) e: Al with 1 dot: Al is main group 3A and thus has 3 valence electrons and would need 3 dots to be correct, not 1, so e is incorrect

E) b: Al with 2 dots: Al is main group 3A and thus has 3 valence electrons and would need 3 dots to be correct, not 2, so b is incorrect
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