2nd Major Exam, Term 052, Version 0, 

correct choice always APRIVATE 

1. The bond between the hydrogen and the fluorine atom in hydrogen fluoride, HF, is

A
polar covalent

B
purely covalent



C
purely ionic


D
metallic

E
acidic

Because of the high electronegativity difference between H and F it is polar covalent at least, but because the difference is less than 3 it is not called ionic.

2. Which one of the following molecules, SO3, H2S, CCl4, or CO2 has a net dipole moment?

A
H2S
                B
SO3                     C
CH4


D
CCl4
        E
CO2
Drawing the Lewis structures shows, that H2S has a bent structure with 2 lone pairs on S in a tetrahedral arrangement of electron pairs. Bond and lone pair moments do not cancel, thus H2S is polar.

SO3 has 3 S = O double bonds in a trigonal structure and no lone pairs on S. Since bond moments in a regular structure all cancel when they are the same, it is non-polar.

CH4 has 4 C - H single bonds in a tetrahedral structure and no lone pairs on C. Since bond moments in a regular structure all cancel when they are the same, it is non-polar.

CCl4 has 4 C - Cl single bonds in a tetrahedral structure and no lone pairs on C. Since bond moments in a regular structure all cancel when they are the same, it is non-polar.

CO2 has 2 C = O double bonds in a linear structure and no lone pairs on C. Since bond moments in a regular structure all cancel when they are the same, it is non-polar.

3. On solid magnesium chloride (MgCl2) a Born-Haber cycle was used to determine its lattice energy as -2527 kJ/mol. The standard heat of formation of magnesium chloride is -655.4 kJ/mol, the heat of sublimation of metallic magnesium is 150 kJ/mol, the bond breaking energy of chlorine molecules in the gas phase is 239 kJ/mol, the first ionization energy of magnesium is 735 kJ/mol, and the second one is 1445 kJ/mol. What is the electron affinity of chlorine in kJ/mol?

A
-348.7
B
-697.4
C
348.7

D
697.4

E
-289.0

The steps of the cycle lead to the heat of formation in a direct and in a step-wise way:

(0)
Mg(s) + Cl2(g) ( MgCl2(s)

ΔfHo(MgCl2(s))

(1)
Mg(s) ( Mg(g)


               ΔsHo(Mg(s))

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

                I1(Mg(g))

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

        I2(Mg(g))

(4)
Cl2(g) ( 2 Cl(g)


               Eb(Cl2(g))

(5)
2 Cl(g) + 2 e- ( 2 Cl-(g)

       2 EA(Cl(g))

(6)
Mg2+(g) + 2 Cl-(g) ( MgCl2(s)
       ΔlHo(MgCl2(s))

Since (0) = (1) + (2) + (3) + (4) + (5) + (6), we have 
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and solving for EA(Cl(g)) gives
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and thus
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4. Which of the following ionic compounds should have the largest negative lattice energy: Li2O, MgO, Al2O3, LiF, or MgF2?

A
Al2O3

B
Li2O

C
MgO

D
LiF

        E
MgF2
According to charge neutrality, the ionic compositions are

(Li+)2O2-, Mg2+O2-, (Al3+)2(O2-)3, Li+F-, and Mg2+(F-)2
That one with the ions having the largest charges should have the largest negative lattice energy: (Al3+)2(O2-)3
5. In which of the following compounds does the central atom obey the octet rule?

A
PF3
5 (P) + 3 x 7 (3 F) = 26 valence electrons

A terminal F atom has 3 lone and 1 bond pair (to P) around it, so the structure with P in the center, 3 P - F single bonds, and 3 lone pairs (octet) at each F has 3 x 8 = 24 electrons.

2 are missing: lone pair at P: tetrahedral arrangement of electron pairs, trigonal pyramidal structure, polar, P obeys the octet rule (1 lone pair + 3 P - F bond pairs)

B
NO

5 (N) + 6 (O) = 11 valence electrons

odd number of electrons and thus the central atom cannot have an octet

C
NO2
5 (N) + 12 (2 O) = 17 valence electrons

odd number of electrons and thus the central atom cannot have an octet

D
SF4
6 (S) + 4 x 7 (4 F) = 34 valence electrons

A terminal F atom has 3 lone and 1 bond pair (to S) around it, so the structure with S in the center, 4 S - F single bonds, and 3 lone pairs (octet) at each F has 4 x 8 = 32 electrons.

2 are missing: lone pair at S: trigonal bipyramidal arrangement of electron pairs, see-saw structure (lone pair goes into the central triangle in such an arrangement), polar, S has an expanded octet (1 lone pair + 4 S - F bond pairs)

E
PF5
5 (P) + 5 x 7 (5 F) = 40 valence electrons

A terminal F atom has 3 lone and 1 bond pair (to P) around it, so the structure with P in the center, 4 P - F single bonds, and 3 lone pairs (octet) at each F has 5 x 8 = 40 electrons.

all electrons are used, no lone pair at P: trigonal bipyramidal arrangement of electron pairs, and also the same structure, non-polar, P has an expanded octet (5 P - F bond pairs)

6. According to the VSEPR model, the arrangement of electron pairs around NH3 and CH4 is,

A
the same because in each case there is the same number of electron pairs around the central atom.

Correct: both are tetrahedral, NH3: 1 lone + 3 N - H bond pairs, CH4: 4 C - H bond pairs.

B
different because in each case there are different atoms around the central atom.

Even if, it would not matter, but they are the same in both cases: H.

C
different because in each case there are different electron pairs around the central atom.

It does not matter whether there are also lone pairs or only bond pairs.

D
the same because both nitrogen and carbon are in the second period.

Wrong reason: the period does not matter for the arrangement of electron pairs.

E
not following the octet rule.

It would not matter for the arrangement of electron pairs, however, N and C both follow the octet rule, while H follows the duet rule.

7. The Cl - Kr - Cl bond angle in KrCl4 is closest to

A
90o

B
109o

C
120o
D
150o
E
360o
8 (Kr) + 4 x 7 (4 Cl) = 36 valence electrons

A terminal Cl atom has 3 lone and 1 bond pair (to Kr) around it, so the structure with Kr in the center, 4 Kr - Cl single bonds, and 3 lone pairs (octet) at each Cl has 4 x 8 = 32 electrons.

4 are missing: 2 lone pairs at Kr: octahedral arrangement of electron pairs, square planar structure (lone pair goes into the apical positions in an octahedral arrangement), non-polar, Kr has an expanded octet (2 lone pairs + 4 Kr - Cl bond pairs)

in a planar square the angles between neighboring bond pairs are 90o, and thus the Cl-Kr-Cl bond angle is equal to 90o.

8. A 150.0 g sample of a metal at 75.0 oC is added to 150.0 g of water at 15.0 oC. The temperature of the water rises to 18.3 oC. Calculate the specific heat capacity of the metal, assuming that all the heat lost by the metal is gained by the water.

A
0.24 J/(g oC)

B
1.25 J/(g oC)



C
3.36 J/(g oC)          D
0.72 J/(g oC)



E
0.53 J/(g oC)

exchanged heat: m x s x |ΔT|

the final temperature must be the same for the metal and the water at the end:

water: |ΔT| = Tf - Ti (T rises)

metal: |ΔT| = Ti - Tf (T falls)

Thus
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left: heat lost by the metal, right: heat absorbed by the water 

thus the specific heat of the metal, s, is
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9.Which of the following standard enthalpy of formation values is not zero at 25 oC and 1 atm?

A
H(g)

This is not zero, because H(g) is not the most stable form of the element, H2(g), in its standard state.

B to E are all the most stable forms of elements in the standard state and thus their ΔfHo = 0.

B
Na(s)

C
Hg(l)

D
Ne(g)



E
O2(g)

10. If 325 g of water at 4.2 oC absorb 12.28 kJ, what is the final temperature of the water? The specific heat of water is 4.184 J(g oC).

A
13.2 oC
B
4.21 oC
C
4.8 oC

D
9.0 oC

E
2938 oC

The heat absorbed, 12.28 kJ, is given by
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and thus the final temperature is
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11. Octane (C8H18) undergoes combustion according to the following thermochemical equation:

2 C2H18(l) + 25 O2(g) ( 16 CO2(g) + 18 H2O(l)

ΔcHo = -11020 kJ/mol

Given that ΔfHo[CO2(g)] = -393.5 kJ/mol and ΔfHo[H2O(l)] = -285.8 kJ/mol, calculate the standard heat of formation of octane.

A
-210 kJ/mol

B
-11230 kJ/mol


C
+22040 kJ/mol      D
-420 kJ/mol



E
+196 kJ/mol

The heat of reaction from standard heats of formation of reactants and products is

ΔcHo = - 2 ΔfHo[C8H18(l)] + 16 ΔfHo[CO2(g)] + 

            + 18 ΔfHo[H2O(l)]

and thus

ΔfHo[C8H18(l)] = 1/2 [16 ΔfHo[CO2(g)] + 18 ΔfHo[H2O(l)]  

                                      - ΔcHo]

= 1/2 [ 16 x (-393.5) + 18 x (-285.8) + 11020] kJ/mol

= -210 kJ/mol

12. The combustion of butane produces heat according to the equation

2 C4H10(g) + 13 O2(g) ( 8 CO2(g) + 10 H2O(l)



ΔcHo = -5314 kJ

How many grams of butane must be burned to release 6375 kJ of heat?

A
139 g

B
1.20 g
C
0.0413 g
D
69.7 g

E
97.8 g

MM(butane) = (4 x 12.01 + 10 x 1.008) g/mol 

                      = 58.12 g/mol

ΔcHo = - 5314 kJ/2 mol = -5314/(2 x 58.12) kJ/g 

         = -45.716 kJ/g

mass = 6375/45.716 g = 139.4 g = 139 g

13. According to the first law of thermodynamics

A
The energy of the universe is constant.

That is one way to state the first law.

B
Energy is the source of motion.

Kinetic energy is there when a mass is in motion, but it is not the only source of motion and has nothing to do with the first law.

C
Energy is lost in an exothermic reaction.

True, but not the first law.

D
Energy is being created as time passes. We have more energy in the universe now than when time began.

Contrary to the first law.

E
Heat and work are properties of a system.

They are connected with the way a system changes state, not properties of the system.

14. From the following data at 25 oC,

(1) 2 ClF(g) + O2(g) ( Cl2O + F2O

ΔcHo(1) = 167.4 kJ

(2) 2 ClF3(g) + 2 O2(g) ( Cl2O + 3 F2O

ΔcHo(2) = 341.4 kJ

(3) 2 F2(g) + O2(g) ( 2 F2O

    ΔcHo(3) = -43.4 kJ

calculate ΔHo for the reaction,

(0)
ClF(g) + F2(g) ( ClF3(g)



ΔHo = ?

A
-108.7 kJ/mol
B
+326.4 kJ/mol


C
-130.2 kJ/mol       D
+217.5 kJ/mol


E
+465.4 kJ/mol

We need 1 ClF on the left, but have 2 ClF on the left in (1): 1/2 (1)

We need 1 ClF3 on the right, but have 2 ClF3 on the left in (2): -1/2 (2)

We need 1 F2 on the left, but have 2 F2 on the left in (3): 1/2 (3)

Thus 1/2 (1) - 1/2 (2) + 1/2 (3):

ClF + 1/2 O2 + F2 + 1/2 O2 + 3/2 F2O + 1/2 Cl2O

( 1/2 Cl2O + 1/2 F2O + ClF3 + O2 + F2O

Thus 1/2 Cl2O + 3/2 F2O + O2 are on both sides and cancel, thus

ClF(g) + F2(g) ( ClF3(g)

= (0)

Therefore ΔHo = 1/2 [ΔcHo(1) - ΔcHo(2) + ΔcHo(3)]

= 1/2 [167.4 - 341.4 - 43.4] kJ/mol

= -108.7 kJ/mol

15. When copper is bombarded with high-energy electrons, X-rays are emitted. Calculate the energy associated with the photons if the wavelength of the X-rays is 0.154 nm.

A
1.29 x 10-15 J

B
3.06 x 10-14 J



C
1.29 x 10-24 J         D
3.06 x 10-26 J



E
1.23 x 10-21 J
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16. Thermal neutrons are neutrons at speeds comparable to those of air molecules at room temperature. These neutrons are most effective in initiating a nuclear chain reaction among 235U isotopes. Calculate the wavelength in nm associated with a beam of neutrons moving at 7.00 x 102 m/s (the mass of a neutron is 1.675 x 10-27 kg).

A
0.565

B
1.77

C
0.177



D
0.0565            E
112
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17. Indicate which of the following sets of quantum numbers in an atom are unacceptable.

(i)
(n = 1, l = 0, ml = 1/2, ms = +1/2)

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

(iii)
(n = 2, l = 2, ml = 1, ms = +1/2)

(iv)
(n = 4, l = 3, ml = -2, ms = +1/2)

(v)
(n = 3, l = 2, ml = 1, ms = 1)

A
(i), (iii) and (v)

B
(ii), (iii) and (v)

C
(i), (ii), (iii) and (v)
D
(i) and (iv)

E
(i), (ii) and (iv)

(i)
(n = 1, l = 0, ml = 1/2, ms = +1/2)

n can be any integer, l starts at 0, ml must be integer, ms = 1/2 is ok

NONSENSE, because ml is not integer

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

n can be any integer, l starts at 0, ml must be integer between -l and l, ms = 1/2 is ok

OK

(iii)
(n = 2, l = 2, ml = 1, ms = +1/2)

n can be any integer, l ends at n-1 NOT at n, ml is integer between -l and l, ms = 1/2 is ok

NONSENSE, because l = n NOT possible

(iv)
(n = 4, l = 3, ml = -2, ms = +1/2)

n can be any integer, l ends at n-1 = 3, ml is integer between -l and l, ms = 1/2 is ok

OK

(v)
(n = 3, l = 2, ml = 1, ms = 1)

n can be any integer, l ends at n-1 = 2, ml is integer between -l and l, ms = 1 is nonsense

NONSENSE, because ms can only be +1/2 or -1/2

So, (i), (iii), and (v) are not correct and thus unacceptable

18. Only a fraction of the electrical energy supplied to a tungsten light bulb is converted to visible light. The rest of the energy shows up as infrared radiation (that is heat). A 75 W light bulb converts 15.0 % of the energy supplied to it into visible light (assume the wavelength to be 550 nm). How many photons are emitted by the light bulb per second 

(1 W = 1 J/s)?

A
3.1 x 1019 photons
         B
2.1 x 1020 photons


C
3.1 x 1028 photons          D
2.1 x 1029 photons


E
1.1 x 1022 photons
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Thus the number of photons per second is
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19. For which of the following reactions is the enthalpy change equal to the second ionization potential of nitrogen?

A
N+(g) ( N2+(g) + e-
YES, by definition

B
N2+(g) ( N3+(g) + e-
NO, it is the third ionization potential

C
N2+(g) + e- ( N+(g)

NO, it is the negative of the second ionization potential of N or you can call it the electron affinity of N2+
D
N(g) ( N2+(g) + 2 e-
NO, it is the first + second ionization potential

E
N-(g) + e- ( N2-(g)

NO, it is the second electron affinity

20. Which of the following elements has the greatest exothermic electron affinity (largest in absolute number)?

A
Br
           B
  K
            C
      As


D
Ar
           E
   I

choice D, the noble gas Ar has no electron affinity.

the more right in the table, that is the larger the group number G is, the larger is the exothermic electron affinity.

K, G = I and As, G = V, are out of the game, because Br and I have G = VII.

Since Br has a smaller period number (n = 4) than I (n = 5), Br has the greatest exothermic electron affinity (largest in absolute number).
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