Chem101, Second Major Exam, Term 062, Version 000, all correct choices are APRIVATE 

solved by W. Föِrner, 16.4.2007

1. 500. L of an ideal gas at 27 oC and 700. torr would occupy what volume at STP?

A) 419 L

B) 17.1 L

C) 3.06 x 103 L

D) 50.0 L

E) 345 L

Sec# 5-3

Grade# 60

initial state:
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This yields the number of moles in the initial state (500. L, 27 oC = 300.15 K, 700. torr):
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Then in the final state (STP) we have the volume from the ideal gas equation again:
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or with numbers
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4
If we use -273 oC = 0 K instead of -273.15 oC, then n = 18.6978 mol and V = 419.08 L = 419 L, the same result. 

2. The root mean square velocity, urms, of hydrogen (H2) at a fixed temperature is 1600. m/s. What would be the root mean square velocity of oxygen (O2) at the same temperature?

A) 401.6 m/s

B) 6368 m/s

C) 1600. m/s

D) 72 m/s

E) 286 m/s

Sec# 5-6

Grade# 50

In general the root mean square speed is given by
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where MM denotes the molar mass of the gas. Thus the ratio of root mean square speeds of O2 and H2 at the same temperature T is
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6
3. Consider the following reaction:


CH3OH(g) ( 2H2(g) + CO(g)

The CH3OH gas was intially at 5.0 atm. It completely decomposed into H2 and CO gases at constant volume and temperature. What would be the partial pressure of the H2 gas in the final mixture?

A) 10. atm

B) 15 atm

C) 5.0 atm

D) 3.5 atm

E) 20. atm

Sec# 5-5

Grade# 30

The reaction equation and the ideal gas equation tell us:
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7
And after the reaction nCO = 1/2 nH2, thus the mole fraction of H2 in the final reaction mixture is:
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8
The initial pressure we can express with the ideal gas equation:
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The final pressure we can obtain with the ideal gas equation and the reaction equation (all CH3OH decomposes):



[image: image10.wmf]V

RT

 

 

)

n

 

+

 

n

 

 

(2

 

=

 

 

V

RT

 

 

)

n

 

+

 

n

(

 

=

 

P

 

+

 

P

 

=

 

P

OH

CH

OH

CH

CO

H

CO

H

f

3

3

2

2

·

·

·


10
Thus the ratio of the two is:
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11
Thus the H2 partial pressure is following Dalton's law:
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4. A 1.00 g sample of a gaseous compound of boron and hydrogen occupies 821 mL at 1.00 atm and 4 oC. What is the molecular fomula for the compound?

A) B2H6

B) BH3

C) B4H10
D) B3H12

E) B5H14
Sec# 5-3

Grade# 70

The ideal gas equation yields a relation between P, V, T and the molar mass, MM:
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The numbers given yield the molar mass of the sample:
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14
If we use -273 oC = 0 K instead of -273.15 oC, then MM = 27.700 g/mol = 27.7 g/mol, the same result. 

The molar masses of the choices are

A) B2H6: MM = (2 x 10.81 + 6 x 1.008 ) g/mol = 27.668 g/mol = 27.7 g/mol

B) BH3: 1/2 x 27.668 g/mol = 13.8 g/mol

C) B4H10: MM = (4 x 10.81 + 10 x 1.008 ) g/mol = 53.2 g/mol

D) B3H12: MM = (3 x 10.81 + 12 x 1.008 ) g/mol = 44.5 g/mol

E) B5H14: MM = (5 x 10.81 + 14 x 1.008 ) g/mol = 68.2 g/mol

so clearly A is the correct choice.

5. When 0.7521 g of benzoic acid (C7H6O2) was burned in a bomb calorimeter a temperature rise of 3.60 oC was observed. Calculate the heat of combustion of benzoic acid per mole. (Heat capacity of the bomb calorimeter = 5.52 J/oC)

A) -3.23 x 103 kJ/mol
      B) -26.4 kJ/mol
         C) -19.9 kJ/mol

D) -2.42 x 103 kJ/mol
      E) -15.9 kJ/mol

Sec# 6-2

Grade# 60

The heat of reaction is
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The molar mass of C7H6O2 is
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Thus the molar heat of combustion is
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6. Consider the following reaction at 1.00 atm and 100. oC:


H2O(g) ( H2O(l)

ΔH = -40.66 kJ

One mole of H2O(g) at 1.00 atm and 100. oC occupies a volume of 30.6 L. If one mole of H2O(g) is condensed to one mole of H2O(l) at the same temperature and pressure, what would be ΔE for the condensation? (Density of water at 1.00 atm and 100. oC = 0.996 g/mL; 1 L atm = 101.3 J)

A) -37.56 kJ

B) +3.10 kJ

C) -43.76 kJ

D) +65.24 kJ
E) -23.64 kJ

Sec# 6-1

Grade# 65

We know that ΔH = ΔE + PΔV

The final volume, that of the liquid is
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If we neglect Vl, the volume of the liquid, then ΔV = -Vg = - 30.6 L and PΔV = -3.0998 kJ. Then ΔE = -37.56 kJ, the same.

7. Given that:

(1)
H2(g) + 1/2 O2(g) ( H2O(l)



ΔHo1 = -285.8 kJ

(2)
N2O5(g) + H2O(l) ( 2 HNO3(l)


ΔHo2 = -76.6 kJ

(3)
1/2 N2(g) + 3/2 O2(g) + 1/2 H2(g) ( HNO3(l)
ΔHo3 = -174.1 kJ

Calculate ΔfHo for N2O5(g).

A) 14.2 kJ/mol
             B) 28.4 kJ/mol
                          C) 65.2 kJ/mol

D) 82.3 kJ/mol              E) 121 kJ/mol

Sec# 6-4

Grade# 75

The reaction that comes with the standard heat of formation is

(4)
N2(g) + 5/2 O2(g) ( N2O5(g)


ΔfHo
in equation (3) we have 1/2 N2(g) left, but we need 1 N2(g): 2 x (3)

in equation (2) we have N2O5(g) left, but we need it right: -(2)

2 x (3) - (2):  N2(g) + 3 O2(g) +  H2(g) + 2 HNO3(l) ( 2 HNO3(l) + N2O5(g) + H2O(l)

now 2 HNO3(l) can be canceled and we are left with:

N2(g) + 3 O2(g) +  H2(g) ( N2O5(g) + H2O(l)

Now subtracting (1), -(1), gives:

N2(g) + 3 O2(g) +  H2(g) + H2O(l) ( N2O5(g) + H2O(l) + H2(g) + 1/2 O2
Now H2(g) + H2O(l) + 1/2 O2(g) cancels, leaving (3 - 1/2) O2(g) = 5/2 O2(g) on the left:

(4)
N2(g) + 5/2 O2(g) ( N2O5(g)

Following Hess's law:

ΔfHo = -ΔHo1 - ΔHo2 + 2 x ΔHo3
= (285.8 + 76.6 - 2 x 174.1) kJ/mol = 14.2 kJ/mol

8. Consider the following reaction:


CH3OH(g) ( CO(g) + 2 H2(g)

ΔH = +90.7 kJ

For a given sample of CH3OH, the enthalpy change of the reaction is 18.5 kJ. How many grams of hydrogen gas are produced?

A) 0.822 g

B) 1.62 g

C) 0.564 g

D) 2.51 g

E) 1.23 g

Sec# 6-1

Grade# 70

The heat of reaction is meant per reaction step:
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Thus when the heat of reaction is 18.5 kJ, then
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Since 1 mol methanol produces 2 mol H2. Thus its mass mH2 is
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9. Which of the following statements about quantum theory is incorrect?

A)
When filling orbitals of equal energy, two electrons will occupy the same orbital before filling the next available orbital.

WRONG: according to Hund's rule, 2 electrons occupy 2 degenerate orbitals.

B)
Lower energy orbitals are filled with electrons before higher energy orbitals.

CORRECT: Aufbau principle.

C)
Momentum and position of an electron cannot be determined with the same precision               at the same time.

CORRECT: Heisenberg's uncertainty principle.

D)
No two electrons can have the same set of four quantum numbers.

CORRECT: Pauli's exclusion principle.

E)
The square of the wave function indicates the probability of finding an electron near a particular point in space.

CORRECT: The square of the wavefunction is directly proportional to the probability.

Sec# 7-8

Grade# 60

10. Which of the following sets of quantum numbers is not correct?



n
l
ml
ms
A)

3
0
 1
  -1/2

WRONG: ml is larger than l, what cannot be the case

B)

4
3
-2
+1/2

CORRECT: n integer larger 0, l integer between 0 and n-1, ml integer between -l and +l, ms either +1/2 or -1/2

C)

3
0
 0
+1/2

CORRECT: n integer larger 0, l integer between 0 and n-1, ml integer between -l and +l, ms either +1/2 or -1/2

D)

2
1
 1
  -1/2

CORRECT: n integer larger 0, l integer between 0 and n-1, ml integer between -l and +l, ms either +1/2 or -1/2

E)

2
0
 0
+1/2

CORRECT: n integer larger 0, l integer between 0 and n-1, ml integer between -l and +l, ms either +1/2 or -1/2

Sec# 7-6

Grade# 70

11. What is the energy needed to ionize one mole of hydrogen atoms in the ground state?

A) 1.312 x 106 J
B) 2.179 x 10-18 J
C) 9.383 x 10-8 J

D) 6.050 x 10-20 J
E) 1.633 x 1018 J

Sec# 7-4

Grade# 65

To ionize a hydrogen atom we must bring an electron from the groundstate to 0 energy.

According to Bohr's model, the energy of the groundstate (n=1) is -RH, the Rydberg constant below the 0-level (Z=1).

So the energy to ionize 1 hydrogen atom is Eion = 2.179 x 10-18 J

Multiplied by Avogadro's constant, this gives the ionization energy of 1 mol of hydrogen atoms (not H2 molecules):
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12. What is the wavelength associated with a sand particle that weighs 1.0 x 10-5 g and is moving at a speed of 0.010 m/s?

A) 6.6 x 10-24 m
B) 3.3 x 10-22 m
C) 6.6 x 10-32 m

D) 3.3 x 10-20 m
B) 6.6 x 10-27 m

Sec# 7-2

Grade# 65

Here de Broglie's equation has to be used:
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Note: the mass has to be used in kg, not in g, because 1 J = 1 kg m2/s2
13. An atom of the element molybdenum, Mo, in the groundstate has how many unpaired d electrons?

A) 5

B) 6

C) 1

D) 0

E) 4

Sec# 7-11

Grade# 70

Mo is right below Cr in the table and thus shows the same filling exception due to the stability of half filled sub-shells:

[Kr]5s14d5
Thus there are 6 unpaired electrons all together, of which 1 is an s electron and only 5 are unpaired d electrons in the groundstate: correct choice 5 unpaired d electrons.

14. Order the following elements in sequence of increasing size of their atoms from left to right: Br, Cs, F, Ba, Ca.

A) F < Br < Ca < Ba < Cs

B) F < Ca < Br < Ba < Cs

C) F < Ca < Br < Cs < Ba

D) Br < F < Ca < Ba < Cs

E) F < Br < Ca < Cs < Ba

Sec# 7-12

Grade# 70

We have learned that atomic radius (size) decreases from higher to lower period number (de​creas​ing distances between the outer electrons and the nucleus with decreasing n) and from left to right along a period (increasing nuclear charge with constant shielding, because of the same core in a period):

[image: image25.wmf]
1
Thus the correct sequence is

A) F < Br < Ca < Ba < Cs

15. Which one of the following bonds has the smallest bond polarity?

A) O-N

B) O-Be

C) O-Li

D) O-C

E) O-B

Sec# 8-3

Grade# 70

smallest bond polarity at smallest absolute value of the electronegativity difference between the two elements in a bond.

Here all atoms are in the second period, and EN increases from left to right across a period.

Thus the smallest bond polarity is where the two atoms in the bond are closest to each other in the periodic table: O-N

16. Calculate the second electron affinity of oxygen from the following data:

Heat of formation of MgO

= -602 kJ/mol

Heat of sublimation of Mg

= 150. kJ/mol

First ionization energy of Mg
            = 735 kJ/mol

Second ionization energy of Mg
= 1445 kJ/mol

Bond dissociation energy of O2   
= 494 kJ/mol

First electron affinity of O

= -141 kJ/mol

Lattice energy of MgO

            = -3916 kJ/mol

A) +878 kJ/mol

B) -878 kJ/mol

C) +596 kJ/mol

D) +6954 kJ/mol

E) -6954 kJ/mol

Sec# 8-5

Grade# 60

For the use of Hess's law, we have to construct the equation for the heat of formation,
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from the data given.

For that we first have to bring Mg atoms into the gas phase. The process is called sublimation:

(2)
Mg(s) ( Mg(g)


ΔsH(Mg)

Then we have to ionize the Mg atom to Mg2+, which involves the 1. and 2. ionization potential:

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

I1(Mg)

(4)
Mg+(g) ( Mg2+(g) + e-

I2(Mg)

As next we need 1 oxygen atom in the gas phase which involves the bond energy BE:

(5')
1/2 x [O2(g) ( 2 O(g)

BE(O2)]

(5)
1/2 O2(g) ( O(g)


1/2 BE(O2)

To get O2- ions in the gas phase we have to involve the 1. and 2. electron affinity, EA of oxygen:

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


EA1(O)

(7)
O-(g) + e- ( O2-(g)


EA2(O)

The lattice energy comes from forming one mole of the compound from the gaseous ions:

(8)
Mg2+(g) + O2-(g) ( MgO(s)
ΔlH(MgO)

Finally, adding up (2) + (3) + (4) + (5) + (6) + (7) + (8) gives:

Mg(s) + Mg(g) + Mg+(g) + 1/2 O2(g) + O(g) + e- + O-(g) + e- + Mg2+(g) + O2-(g) 

( MgO(s) + O2-(g) + O-(g) + O(g) + Mg2+(g) + e- +  Mg+(g) + e- + Mg(g)

As we see, all cancels, besides equation (1):

(1)
Mg(s) + 1/2 O2(g) ( MgO(s)

Hess's law tells that we have to do with heats as we did with the equations:

(1) = (2) + (3) + (4) + (5) + (6) + (7) + (8)

and thus
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Solving for EA2(O) yields the result:
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17. The structures of C2H4 and C2H5OH are:

[image: image29.wmf]
2
The enthalpy change due to the reaction of one mole of C2H4 with water to form C2H5OH can be estimated by

A) BE(O-H) + BE(C=C) - BE(C-H) - BE(C-O) - BE(C-C)

B) BE(C=C) - 2 BE(C-C) - BE(C-O)

C) BE(C=C) + BE(O-H) - 2 BE(C-C) - BE(C-O)

D) BE(C-O) + BE(C-C) - BE(O-H) - BE(C=C)

E) BE(C-H) + BE(C-O) + BE(C-C) - BE(O-H) - BE(C=C)

Sec# 8-8

Grade# 50

Here we have to take the sum of all bond dissociation energies in the reactants which are broken and to subtract the sum of all bond dissociation energies in the products which are

formed.

The complete reaction is

H        H                                      H   H

  C = C   +   H - O - H   (   H - C - C - O - H

H        H                                      H   H

Thus we have in the reactants 4 C - H bonds, 1 C = C bond, and 2 O - H bonds

and in the product 5 C - H bonds, 1 C - C bond, 1 C - O bond, and 1 O - H bond

This gives as estimate:

ΔH = 4 BE(C-H) + BE(C=C) + 2 BE(O-H) - 5 BE(C-H) - BE(C-C) - BE(C-O) - BE(O-H)

= BE(O-H) + BE(C=C) - BE(C-H) - BE(C-O) - BE(C-C)

18. The formal charge on the sulfur atom in the resonance structure of sulfur dioxide which has one single bond and one double bond is

A) +1
B) 0

C) -1

D) +2
E) -2

Sec# 8-12

Grade# 50

sulfur dioxide, SO2: the structure following our rules would have no formal charges and thus 2 S=O double bonds. 

But we are asked for that resonance structure which contains 1 S-O single and 1 S=O double bond. O in S=O gets 2 lone pairs and O in S-O gets 3 lone pairs to complete their octets. Now we have 2 x 8 = 16 electrons and we need 6 (S) + 2 x 6 (O) = 18. the 2 missing ones go to the central sulfur atom, thus completing its octet.

The O in S=O has 6 electrons (4 from the 2 lone pairs and 1 from each bond of the S=O double bond) and needs 6 to be neutral (group VI), thus it has 0 formal charge.

The O in S-O has 7 electrons (6 from the 3 lone pairs and 1 from the S-O single bond) and needs 6 to be neutral (group VI), thus it has -1 formal charge.

The S has 5 electrons (2 from the lone pair, 1 from the S-O single bond, and 1 from each bond in the S=O double bond) and needs 6 to be neutral (group VI), thus it has +1 formal charge.

Also SO2 is neutral, so when 1 O atom has a - charge, then S must have 1 + charge.

[image: image30.wmf]
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Trigonal planar arrangement of electron pairs around S, bent shape, polar molecule. 

19. Which response includes all the molecules below that do not follow the octet rule for the central atom?

(1) H2S
(2) BCl3
(3) PH3
(4) SF4
A) (2) and (4)
B) (2) and (3)
C) (1) and (2)

D) (3) and (4)
E) (1) and (4)
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Lewis structures:

(1) H2S: 1 S-H single bond to each one of the 2 terminal H atoms to complete their duets. Now we have 4 electrons and need 6 (S) + 2 x 1 (H) = 8 electrons. The missing 4 go as two lone pairs to the central sulfur atom, which thus has an octet (2 bond pairs + 2 lone pairs):

[image: image31.wmf]
4
Tetrahedral arrangement of electron pairs around S, bent structure, no formal charges.

(2) BCl3: 1 B-Cl single bond to each one of the 3 terminal Cl atoms and each Cl gets 3 lone pairs to complete their octets. Now we have around each Cl 8 electrons (3 lone pairs + 1 bond pair) and thus 3 x 8 = 24 electrons and need 3 (B) + 3 x 7 (Cl) = 24 electrons. Thus the central B atom has no octet but only a sextet, because BCl3 is one of the well known electron deficient compounds:

[image: image32.wmf]
5
Trigonal planar arrangement of electron pairs around B and trigonal planar structure, no formal charges.

(3) PH3: 1 P-H single bond to each one of the 3 terminal H atoms to complete their duets. Now we have 6 electrons and need 5 (P) + 3 x 1 (H) = 8 electrons. The missing 2 go as a lone pair to the central P atom, which thus has an octet (3 bond pairs + 1 lone pair):

[image: image33.wmf]
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Tetrahedral arrangement of electron pairs around P, trigonal pyramidal structure, no formal charges.

(4) SF4: 1 S-F single bond to each one of the 4 terminal F atoms and each F gets 3 lone pairs to complete their octets. Now we have around each F 8 electrons (3 lone pairs + 1 bond pair) and thus 4 x 8 = 32 electrons and need 6 (S) + 4 x 7 (F) = 34 electrons. The missing 2 go to the central sulfur, which can expand its octet (n=3). Thus the central S atom has an expanded (more than an) octet, because SF4 is one of the well known com​pounds with an expanded octet:

[image: image34.wmf]
7
Trigonal bipyramidal arrangement of electron pairs around S, see-saw or distorted tetrahedral structure (lone pairs go into the central triangle), no formal charges.

Thus (2) and (4) (A) is the response including all molecules out of the four which do not follow the octet rule for their central atoms.

20. Which of the following Lewis structure is correct?

A) Nitrogen, N2: 

[image: image35.wmf]
8
there are 5 valence electrons from each N atom, so the structure must have 10 electrons. With 3 bond pairs and 2 lone pairs it has exactly 10 electrons. Around each N atom there are 3 bond pairs and 1 lone pair, so that each one has an octet as it must be. The formal charges are 0 on each N atom. 

So the structure is completely CORRECT.

B) NH2:

[image: image36.wmf]
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There would be a positive formal charge on the N atom, but no charge is indicated. Further the structure must have 5 (N) + 2 x 1 (H) = 7 electrons if it would be uncharged, but has only 6. Finally around the N atom there is only a sextet of electrons (2 bond pairs + 1 lone pair), but N (n=2) must have an octet.

So the structure is completely INCORRECT.

C) F2:PRIVATE 

[image: image37.wmf]
1
There would be three positive formal charges on each F atom, but no charge is indicated. Further the structure must have 2 x 7 (F) = 14 electrons if it would be uncharged, but has only 8. Also around each F atom there is only a sextet of electrons (2 bond pairs + 1 lone pair), as it cannot be for F (n=2).

So the structure is completely INCORRECT.

D) H2O

[image: image38.wmf]
2
There would be two positive formal charges on the central oxygen atom, but no charge is indicated. Further the structure must have 6 (O) + 2 x 1 (H) = 8 electrons if it would be uncharged, but has only 6. Also around the central O atom there is only a sextet of electrons (2 bond pairs + 1 lone pair), as it cannot be for O (n=2).

So the structure is completely INCORRECT.

E) NH2+
[image: image39.wmf]
3
There would be 3 positive formal charges on N, but only a charge of +1 is indicated. Further the structure must have 5 (N) + 2 x 1 (H) - 1 (charge) = 6 electrons if it would be positively charged, but has only 4. Also around the central N atom there is only a quartet of electrons (2 bond pairs), as it cannot be for N (n=2).

So the structure is completely INCORRECT.
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