Major 02, Term 041, Version 000: all correct answers are A, PRIVATE 
Only the questions about chapters 6 - 8 

1. When 1 mol of H2O(l), having a volume of 18.1 mL at 100 oC, is evaporated to H2O(vap) at 100 oC and 1.00 atm to a volume of 30.6 L, calculate the work, w, for this process.


A.
-3.10 kJ

B.
3.10 kJ

C.
-30.6 kJ


D.
30.6 kJ

E.
30.6 L atm

Work w, associated with pressure volume work at constant pressure is w = -PΔV

Thus  w = -P(Vf - Vi) = -1.00 atm (30.6 L - 18.1 x 10-3L)

= -30.58 L atm = -30.58 L atm x 101.325 J/(1 L/atm)

= -3099 J = -3.10 kJ

2. In a coffee cup calorimeter, 1.60 g of NH4NO3 is mixed with 75.0 g of water at an initial temperature of 25.00 oC. After the dissolution of the salt, the final temperature of the calorimeter contents is 23.34 oC. Assuming that the solution has a specific heat of  4.18 J/(oC g) and assuming the heat loss to the calorimeter to be zero, calculate the molar enthalpy change for the dissolution of NH4NO3.


A.
26.6 kJ/mol

B.
-26.6 kJ/mol



        C.
333 J/mol             
D.
-333 J/mol



   E.
    325 J/mol

The heat used for changing the temperature of the solution is qP:

qP = m(solution) x s x (Tf - Ti) 

= [m(NH4NO3) + m(water)] x s x (Tf - Ti)

= (1.60 + 75.0) g x 4.18 J/(oC g) x (23.34 - 25.00) oC

= -531.5 J

This is the energy loss of the solution because of the dissolution process. Thus the enthalpy change of the system (the dissolving salt) is ΔH = -qP/n, n being the number of moles of the salt that was dissolved.

molar mass of NH4NO3:

MM = (2 x 14.01 + 4 x 1.008 + 3 x 16.00) g/mol 

= 80.05 g/mol

n = 1.60 g /(80.05 g/mol) = 0.01999 mol

ΔH = -qP/n = 531.5 J/ 0.01999 mol = 26592 J/mol 

= 26.6 J/mol 

3 figures in m(solution), 4 figures in ΔT, thus result must have 3 figures.

3. Given the thermochemical equation

2 Cu2O(s) + O2(g) ( 4 CuO(s)

ΔHo = -292.0 kJ

and that the standard heat of formation of CuO(s) is 

-157.3 kJ/mol, determine the standard heat of formation of Cu2O(s).


A.
-168.6 kJ/mol

B.
337.2 kJ/mol


C.
-134.7 kJ/mol

D.
134.7 kJ/mol


E.
449.3 kJ/mol

We know that ΔfHo[O2(g)] = 0, because it is the most stable form of an element in the standard state.

Further we know

ΔHo = 4 mol x ΔfHo[CuO(s)] - 2 mol x ΔfHo[Cu2O(s)]

ΔfHo[Cu2O(s)] = 2 x ΔfHo[CuO(s)] - 1/2 mol-1 x ΔHo
= [-2 x 157.3 - 1/2 x (-292.0)] kJ/mol

= -168.6 kJ/mol

4. Which of the following transitions in the hydrogen atom emits light of the highest energy?


I.
n = 1 to n = 3


II.
n = 3 to n = 4


III.
n = 3 to n = 2


IV.
n = 5 to n = 3


A.
III

B.
IV

C.
I


D.
II

E.
I and III

The light is emitted, and thus it must be ΔE < 0 for the transition (ΔE>0 would mean absorption of light).

the energy difference, ΔE, in the transition is (Bohr):
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n is the principal quantum number and Ry is the Rydberg constant. Because of the minus sign in the energy of the levels, the sequence Ef - Ei is reversed in terms of 1/n2
Thus ΔE for the transitions is
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so this is absorption of light
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so this is also absorption of light
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so this is emission of light
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so this is also emission of light, and the light of highest energy is emitted in case III.

5. What is the energy of a photon with a wavelength of 785 nm?


A.
2.53 x 10-19 J

B.
1.18 x 10-18 J


C.
1.52 x 10-21 J

D.
3.23 x 10-10 J


E.
7.51 x 10-23 J

Since E = hν and νλ = c, E being the energy of the photon, h Planck's constant, c the speed of light in vacuum, ν the frequency, and λ the wavelength:
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Do not mistake λ with the de Broglie wavelength of a moving particle having speed v and mass m , which is λ = h/(mv)

6. What type of electron orbital is designated by the quantum numbers n = 4, l = 3, ml = 0?


A.
f orbital
B.
s orbital
C.
p orbital


D.
d orbital
E.
g orbital

n = 4: principal quantum number

l = 3: angular momentum quantum number, 

0 <= l <= (n-1): ok, n = 4 can have orbitals with l = 3 (<= means less or equal)

ml = 0: magnetic quantum number, -l <= ml <= +l: ok

s: spin quantum number, can be 1/2 or -1/2, not mentioned

names:

l = 0: s orbital, for all n

l = 1: p orbital, for n > 1 only

l = 2: d orbital, for n > 2 only

l = 3: f orbital, for n > 3 only, here 4f, because n = 4, l = 3

l = 4: g orbital, for n > 4 only

7. How many unpaired electrons are there in an Sn atom and in an Sn2+ ion respectively?


A.
2 and 0
B. 0 and 2
C.
1 and 2


D.
1 and 1
E. 0 and 0

The periodic table tells that for Sn the core is [Kr] (next lower noble gas)

At Sn 5s and 4d are completely filled and there are 2 electrons more in 5p:

Sn groundstate: [Kr]5s24d105p2
A set of p orbitals has 3 degenerate (same energy) orbitals (s would be 1, d would be 5, f would be 7)

To put 2 electrons into 3 degenerate orbitals, Hund's rule tells us that they both are unpaired.

Thus: Sn: 2 unpaired electrons in 5p (5s, 4d filled and all paired)

Sn2+: 2 electrons must be removed from the highest orbitals:

Sn2+: [Kr]5s24d10 all electrons paired, 0 unpaired electrons

Correct choice: 2 (Sn) and 0 (Sn2+)

8. Which of the following electron configurations is for Mn in its groundstate?


A.
[Ar]4s23d5

B.
[Kr]5s24d5



       C.
[Ne]3s22d5                  
D.
[Ar]4s13d6



        E.
[Ar]4s13d5
Periodic table: Mn in period 4, thus 4s, 3d, and 4p filling.

4s2 is full at Mn, and there it has position 5 in the transition metal row: 3d5
core: next lower noble gas: [Ar]

thus: A.
[Ar]4s23d5 is correct

B.
[Kr]5s24d5: 1 period higher, just below Mn: Tc

C.
[Ne]3s22d5: nonsense, 2d orbitals do not exist

D.
[Ar]4s13d6: does not exist: first 4s would be filled

E.
[Ar]4s13d5: Cr, remember the filling exception for extra stable half filled d subshells; Cr has 6 unpaired electrons, 5 in 3d, 1 in 4s.

9. Elements X, Y and Z come after each other in the periodic table. On the basis of their ionization energies (see table below) in kJ/mol

Element

   I1

    I2

           I3

          I4
   X


515

7278

11778

   -

   Y


895

1757

14811

20937

   Z


799

2414

3648

24953

which of the following could be X, Y and Z, respectively?


A. Li, Be, B:

Li: 1s22s1: I1 would be 2s1 removal

I2 would be removal of 1 e from the core (much larger) and I3 would be removal of the second one from the core. There would be no I4
Be: 1s22s2 I1 and I2 would be removal of the 2 2s2 electrons (I2 much smaller than for Li)

and I3 and I4 would be removal of the 2 1s2 electrons (much larger than 2s)

B: 1s22s22p1: I1 would be 2p1 removal, I2 and I3 would be removal of the 2 2s2 electrons (much larger) and I3 and I4 would be removal of the 2 1s2 electrons (much larger than 2s)

choice A is correct


B. H, He and Li

cannot be, because H has ONLY I1 and He has ONLY I1 and I2

C. He, Li and Be

cannot be, because He has ONLY I1 and I2 and Li has ONLY I1, I2 and I3 no I4

D. O, F and Ne

E. F, Ne and Na

cannot be, because the first ones, O and F, both have I4
10. Which of the following has the smallest size?


A.
Be2+

B.
Li

C.
Be


D.
O2-

E.
F-
They are all in the same period (n = 2)

then cations are smaller than neutral atoms and anions are larger than neutral atoms and thus the di - cation (even smaller than a 1+ cation) Be2+ must be smallest.

11. From the following information,

     molecule
   central atom

structure


  SO3


S

  planar, all OSO angles            are 120o

  CBr4


C

  tetrahedral, all BrCBr             angles are 109.5o

  PH3


P

  P at the apex of a                     pyramid, H atoms in a             triangle below

which one has zero dipole moment?


A.
CBr4 and SO3

B.
PH3 only


C.
SO3 only                       D.
CBr4 only


E.
CBr4 and PH3
SO3 and CBr4 both have a regular structure, the first is trigonal planar, the second one tetrahedral with identical atoms in the corners. Because all corners of a regular polyhedron are occupied by atoms, there is no lone pair in both

Thus all bond moments in a regular structure cancel and their dipole moments are 0

Choice A is correct.

PH3 has no regular structure. A pyramid can be a tetrahedral arrangement of electron pairs, with one corner occupied by a lone pair (that would be a trigonal pyramid as required).

Thus it is a tetrahedron with 1 lone pair and it has a dipole moment, becuse the P - H bond moments cannot cancel the lone pair moment.

12. In which of the following reactions is ΔH equal to the lattice energy of NaCl(s)?

A.
Na+(g) + Cl-(g) ( NaCl(s)

Here ΔH = Elat by definition

B.
Na(s) + 1/2 Cl2(g) ( NaCl(s)

Here ΔH is the heat of formation of NaCl(s)

C.
NaCl(s) ( Na(g) + Cl(g)

Here ΔH = -Elat - I1(Na) - EA(Cl)

D.
Na(g) + Cl(g) ( NaCl(s)

Here ΔH = Elat + I1(Na) + EA(Cl), because the atoms must be ionized, reverse of C

E.
NaCl(s) ( Na+(g) + Cl-(g)

Here ΔH = -Elat, reverse of the definition

13. Which of the following does not obey the octet rule?


A.
ICl4-

B.
ClO3-

C.
CO2

D.
SiO44-
E.
HCN

ICl4-: the 5 halogens each must have 7 valence electrons: 

5 x 7 + 1 negative charge = 36 electrons

4 I - Cl bonds: 8 electrons, 3 lone pairs at each Cl to complete the octets of the outer atoms: 3 x 4 = 12 lone pairs = 24 electrons + 8 from the bonds: 32 electrons

4 electrons are missing: 2 lone pairs to I.

I has 6 electron pairs: 4 bond and 2 lone pairs and thus an expanded octet and does not obey the octet rule

The structure is square planar: octahedron, 2 lone pairs apical and the four Cl in the central square, non-polar

ClO3-: wrong put choice, because it has also an expanded octet: Cl + 3 x O + 1 negative charge = 7 + 3 x 6 + 1 = 26 electrons

3 Cl - O bonds: 6 electrons, 3 lone pairs at each O: 9 lone pairs = 18 electrons,

together 24 electrons, 2 are missing: lone pair at Cl

Cl has 5 electrons, but needs 7 to be neutral, so Cl is 2+

each O has 7 electrons, but needs 6 to be neutral, so each O is 1-

total charge: +2 - 3 = - 1 ok, BUT too many formal charges

To remove the 2+ at Cl, form 2 Cl = O double bonds. That does not change the octet at the O, but then Cl has a charge of 0.

The other Cl - O bond must stay a single bond to keep the 1- total charge formally at O which is more electronegative than Cl

Thus also here Cl has an expanded octet and does not obey the octet rule, wrong put choice, students using our rules cannot solve this question.

trigonal pyramidal structure with 1 lone pair: polar

CO2 obeys the octet rule: 2 C = O double bonds + 2 lone pairs at each O.

SiO44- obeys the octet rule: 4 + 4 x 6 + 4 = 32 electrons

4 Si - O single bonds and 3 lone pairs at each O to complete their octets:

4 x 6 = 24 (lone pairs) + 8 (bonds) = 32 electrons: ok

the 4 negative charges are at the 4 oxygens, 1 each.

tetrahedral structure, non-polar, octets at all atoms

HCN: CN triple bond, lone pair at N, H - C single bond

H has a duet, but the octet rule is not for H, C and N have octets

14. Which of the following has resonance structures?

A. NO3- 5 (N) + 3 x 6 (O) + 1 (negative charge) = 24 electrons

3 N - O single bonds, 3 lone pairs at each O are 24 electrons

but now +2 at N and -1 at each oxygen: too many formal charges and no octet at N

form 1 N = O double bond from an oxygen lone pair. That completes the octet at N,  but does not change it at the oxygen, and now charges are +1 at N and -1 at 2 of the oxygens.

The double bond can be at each of the 3 NO bonds, thus there are 3 resonance structures.

B.  NH3: 5 + 3 = 8 electrons: 3 N - H bonds + 1 lone pair at N

no double bonds, no resonance

C. CCl4: 4 + 4 x 7 = 32 electrons: 4 C - Cl bonds = 8 electrons + 3 lone pairs at each Cl = 2 x 3 x 4 = 24 electrons, 32 electrons all together

no double bonds, no resonance

D. H2O: 2 + 6 = 8 electrons: 2 O - H bonds + 2 lone pairs on O: 8 electrons

no double bonds, no resonance

E. SiO44-: 4 + 4 x 6 + 4 =32 electrons: 4 Si - O bonds + 

4 x 2 x 3 lone pairs at the oxygens = 8 + 24 = 32 electrons

no double bonds, no resonance

15. Which statement is true about the ClF3 molecule?

ClF3: 4 x 7 electrons = 28 electrons: 3 Cl - F bonds = 

6 electrons + 3 lone pairs at each F = 3 x 2 x 3 = 18 electrons: 24 electrons, 4 missing: 2 lone pairs at Cl

5 pairs at Cl: 3 bonds + 2 lone pairs: trigonal bipyramidal arrangement of electron pairs, the lone pairs must be in the central triangle

[image: image8.wmf]
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T-shape structure, geometry or molecule, polar, trigonal bipyramidal arrangement of electron pairs

Choice A is correct: T - shape structure

Choice B is incorrect: tetrahedral geometry would require 4 F atoms not 3 as given in B

Choice C is incorrect: ClF3 has not 7 valence electrons around Cl, but 5 pairs = 10

Choice D is incorrect: Cl has an expanded octet, not an octet

Choice E is incorrect: the arrangement of electron pairs around the molecule is trigonal bipyramidal, NOT the geometry.

16. Calculate the enthalpy change for the reaction

H2N - NH2(g) + 2 F2(g) ( 4 HF(g) + N2(g)

given the following information:

bond energies, Eb, in kJ/mol for the following bonds:

N - H: 391, N - N single bond: 160, F - F: 154, NN triple bond: 941, H - F: 565


A.
-1169 kJ

B.
631 kJ
C.
-2253 kJ


D.
1404 kJ

E.
2253 kJ

enthalpy change is bond energy of all bonds broken - bond energy of all bonds formed:

ΔH = 4 mol x Eb(N-H) + 1 mol x Eb(N-N) + 

2 mol x Eb(F - F) - 4 mol x Eb(H - F) – 

1 mol x Eb(NN triple bond)

= (4 x 391 + 160 + 2 x 154 - 4 x 565 -  941) kJ 

= -1169 kJ

Major 02, Term 002, Version 014: not all correct answers are A, only the questions about chapters 6 - 8 

17. Which one of the following bonds has the highest polarity?


A.
S - O

B.
C - P

C.
C - O


D.
Br - Br
        E.
B - O

highest polarity: highest Δ(EN), biggest difference in main group number

EN decreases also with increasing period number n, but not as strong as with decreasing group number G

S - O: same group (VI), larger n for S: polar but not much

C - P: groups IV - V, different n

C - O: groups IV - VI, same n

Br-Br: same atoms, no polarity

B - O: groups III - VI

highest polarity, largest Δ(EN), largest ΔG

polarity: Br - Br < S - O < C - P < C - O < B - O

choice E

18. What is the formal charge on the central atom in O3?


A.
+2

B.
-2

C.
+1


D.
+1

E.
 0

O3: 3 x 6 = 18 electrons: 2 O - O bonds, and 3 lone pairs on each of the terminal O:

4 + 2 x 6 = 16 electrons: 2 electrons missing: lone pair at the central O

only sextet at the central oxygen, but n = 2 elements must have octet, if enough electrons.

Use a lone pair from one of the terminal O to make an 

O = O double bond to the central oxygen: 
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octets everywhere, the central O has 3 electrons from the 3 bonds (shared pairs) and 2 from the lone pair (unshared) = 5 electrons all together, needs 6 to be neutral:

formal charge = +1 (D)

19. How many 3d electrons are there in the Fe2+ ion?


A.
5

B.
8

C.
3


D.
6

E.
4

Fe has an [Ar] core and is element no. 6 in the first transition row (3d6 and 4s2 electrons). 

Thus it has the configuration: Fe [Ar]4s23d6
We learned, when you form transition metal cations, then remove first the s electrons before removing d electrons.

Thus to get Fe2+ we must remove the 4s2 electrons from Fe:

Fe2+ [Ar]3d6 :                      6 d-electrons (D)

20. A 175 g piece of brass at an initial temperature of 152 oC is dropped into an insulated container with 138 g of water  initially at 23.7 oC. What will be the final temperature of the brass-water mixture? (specific heats of water: s2 = 4.18 J/(oC g) and of brass: s1 = 0.385 J/(oC g))


A.
24.5 oC
B.
37.1 oC
C.
45.3 oC


D.
26.7 oC
E.
33.4 oC

The hotter brass gives heat to the water.

In equilibrium both must have the same final temperature, Tf.

The heat given off by the brass (1) must be the same as the heat taken up by the water (2):
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9
They start from different initial temperatures Ti(1) and Ti(2):
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For brass (1) Ti(1) is larger than Tf and for water Tf is larger than Ti(2).
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The equation can be solved for Tf:


[image: image13.wmf]s

m

 

+

 

s

m

(2)

T

s

m

 

+

 

(1)

T

s

m

 

=

 

T

2

2

1

1

i

2

2

i

1

1

f


12
Thus we can calculate TfPRIVATE 
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21. Which one of the following sets of quantum numbers (n,l,ml,s) is not allowed?


A.
(4,1,1-1/2)

B.
(3,2,-3,-1/2)



        C.
(4,3,-2,+1/2)         
D.
(2,0,0,+1/2)



        E.
(3,0,0,+1/2)

The quantum numbers must be

n > 0, integer

0 <= l <= (n-1), integer (<= means again less or equal)

-l <= ml <= +l, integer

s = +1/2 or -1/2

This is not fulfilled for choice B, where ml = -3 < -l = -2, B is not allowed

22. For the reaction

CH4(g) + 2 O2(g) ( CO2(g) + 2 H2O(g)

predict the enthalpy change using the following bond energies, Eb (in kJ/mol): 

C - H : 414, O = O: 499, C = O: 745, and O - H = 460


A.
-231 kJ
B.
-503 kJ
C.
-786 kJ


D.
+231 kJ
E.
-676 kJ

enthalpy change is bond energy of all bonds broken - bond energy of all bond formed:

ΔH = 4 mol x Eb(C-H) + 2 mol x Eb(O=O) – 

2 mol x Eb(C=O) - 4 mol x Eb(O - H)

= (4 x 414 + 2 x 499 - 2 x 745 - 4 x 460) kJ 

= -676 kJ   (choice E)

23. Which of the following molecules or ions is square planar?


A.
IF4+

B.
CH4

C.
SF4

D.
ICl4-

E.
NH3
IF4+: 5 x 7 (halogens) - 1 (positive charge) = 34 electrons

4 I - F bonds + 3 lone pairs at each terminal F

 = 8 + 6 x 4 = 8 + 24 = 32 electrons

The missing 2 electrons are a lone pair at I:

 5 pairs around iodine:

trigonal bipyramidal arrangement of electron pairs, lone pair in central triangle:

see-saw structure, not planar

CH4: 8 electrons, 4 C - H bonds gives 8 electrons as needed, octet at C, duets at H

tetrahedral structure (no lone pair), not planar

SF4 6 + 4 x 7 = 34 electrons:

4 S - F bonds + 3 lone pairs at each terminal F = 8 + 6 x 4 = 8 + 24 = 32 electrons

The missing 2 electrons are a lone pair at S: 

5 pairs around sulfur:

trigonal bipyramidal arrangement of electron pairs, lone pair in central triangle:

see-saw structure, not planar

ICl4-: 5 x 7 (halogens) + 1 (negative charge) = 

36 electrons 

4 I - Cl bonds + 3 lone pairs at each Cl: 8 + 6 x 4 

= 32 electrons

The 4 missing electrons are 2 lone pairs at I

6 electron pairs around iodine, octahedral arrangement of electron pairs:

The 2 lone pairs must be in apical positions, the 4 Cl in the central square:

square planar structure, D is correct choice

NH3 5 + 3 = 8 electrons: 3 N - H bonds, 1 lone pair at N:

tetrahedral arrangement of electron pairs, trigonal pyramidal structure

24. Calculate the wavelength associated with a 20Ne+ ion moving with a velocity of 8.0 x 105 m/s. The atomic mass of 20Ne is 19.992 amu.


A.
2.0 x 10-13 cm
B.
2.5 x 10-14 m 



        C.
2.4 x 10-17 m         
D.
9.9 x 10-17 m



        E.
9.9 x 10-14 m

By definition, the atomic mass of 12.000000 g 12C is 12.00000000 amu and 12.000 g of 12C contain Avogadro's number of atoms. Thus
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14
J contains kg, so we need amu in kg. With de Broglie's equation that yields
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Choice B is correct.

25. Pentaborane, B5H9(s) burns vigorously in the presence of oxygen to give B2O3(s) and H2O(l) (combustion).

Given the following standard heats (enthalpies) of formation:

ΔfHo[B2O3(s)] = -1273.5 kJ/mol, 

ΔfHo[B5H9(s)] = +73.2 kJ/mol, 

and ΔfHo[H2O(l)] = -285.8 kJ/mol

calculate the standard enthalpy change for the combustion of 1 mol B5H9(s).


A.
-4.5431 MJ
B.
-18.1702 MJ
C.
-1.2730 MJ


D.
-8.4480 MJ
E.
 -9.0863 MJ

1 mol B5H9(s) must give 5/2 mol B2O3(s) (5 mol boron atoms in both of them) and 9/2 mol of H2O(l) (9 mol H in both the borane and in the water). 

To balance the O, we need (3 x 5/2 + 9/2) mol O atoms = 12 mol O atoms = 6 mol O2 molecules, note that ΔfHo[O2(g)] = 0 for the element:

B5H9(s) + 6 O2(g) ( 5/2 B2O3(s) + 9/2 H2O(l)

To get ΔHo for 1 mol borane, we must take the heats of formation of all products - those of all reactants:

ΔHo = 5/2 mol x ΔfHo[B2O3(s)] + 9/2 mol x ΔfHo[H2O(l)] - 1 mol x ΔfHo[B5H9(s)]

= (-5/2 x 1273.5 - 9/2 x 285.8 - 73.2) kJ = -4543.1 kJ 

= -4.5431 MJ (choice A)

26. Which of the following has the smallest atomic radius?


A.
Cl

B.
Cs

C.
S


D.
Al

E.
K

Remember the grafic: atomic radius decreases with decreasing period number n and increasing main group number G.

Thus the smallest one will be that with smallest n and largest G:

Cl: n = 3, G = VII 

Cs: n = 6, G = I

S:  n = 3, G = VI

Al: n = 3, G = III

K:  n = 4, G = I

smallest n, largest G: Cl is the smallest, choice A

27. Which of the following molecules is polar?


A.
CS2

B.
XeF4

C.
CH4

D.
XeF2
E.
SF4
CS2: 4 + 2 x 6 = 16 electrons: 2 C = S double bonds + 2 lone pairs on each sulfur = 16 electrons: no lone pairs, thus linear, same S on each side: non-polar

XeF4: 8 + 4 x 7 = 36 electrons: 4 Xe - F bonds, 3 lone pairs on each F: 8 + 4 x 6 = 32 electrons, 4 electrons missing: 2 lone pairs on Xe

6 pairs around Xe (4 bonds, 2 lone pairs): octahedral arrangement of electron pairs: lone pairs must be in the apical positions, the 4 F atoms in the central square:

square planar geometry: the 2 apical lone pair moments cancel each other and the 4 Xe - F bond moments in the square also cancel each other: non-polar

CH4: 4 + 4 = 8 electrons: 4 C - H bonds use all the 8 electrons: tetrahedron, all bond moments cancel: non-polar

XeF2: 8 + 2 x 7 = 22 electrons: 2 Xe - F bonds, 3 lone pairs on each F: 4 + 2 x 6 = 16 electrons, 6 electrons missing: 3 lone pairs on Xe

5 pairs around Xe (2 bonds, 3 lone pairs): trigonal bipyramidal arrangement of electron pairs: lone pairs must be in the central triangle, the 2 F atoms in the apical positions:

linear geometry: the 2 apical Xe - F bond moments cancel each other and the 3 lone pair moments in the regular triangle also cancel each other: non-polar

SF4: 6 + 4 x 7 = 34 electrons: 4 S - F bonds, 3 lone pairs on each F: 8 + 6 x 4 = 32 electrons: 2 are missing: 1 lone pair at S

5 pairs around S (4 bonds, 1 lone pair): trigonal bipyramidal arrangement of electron pairs: 1 lone pair must be in the central triangle

see-saw structure: polar (choice E)

[image: image17.wmf]
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28. Which of the following transitions of the electron in the hydrogen atom would emit radiation with the highest frequency?

A. n = 5 to n = 4: Δn = nf - ni = 4 - 5 = -1: emission

B. n = 4 to n = 1: Δn = 1 - 4 = -3: emission

C. n = 1 to n = 2: Δn = 2 - 1 = +1: absorption

D. n = 3 to n = 2: Δn = 2 - 3 = -1: emission

E. n = 1 to n = 6: Δn = 6 - 1 =  +5: absorption

A. ends at n = 4: no need to check, frequency smaller than the Pashen series (infrared)

B. ends at n = 1: Lyman series in the ultraviolet (highest frequency), choice B is correct

C and E: absorption, no need to check

D. ends at n = 2: Balmer series in the visible

If you don't remember the serieses, certainly you can also use Bohr's formula to find the largest |ΔE|, corresponding to the largest frequency.

29. Calculate the heat of sublimation, ΔHs(Ca), of calcium using the following data (all for the standard state):

First ionization energy of Ca: I1(Ca) = 589.5 kJ/mol

Second ionization energy of Ca: I2(Ca) = 1145 kJ/mol

Electron affinity of Cl: EA(Cl) = -348 kJ/mol

Lattice energy of CaCl2: El(CaCl2) = -2197 kJ/mol

Standard heat of formation of CaCl2(s): 

ΔfHo(CaCl2) = -795 kJ/mol

Bond energy of Cl2: Eb(Cl2) = 242.8 kJ/mol


A.
121 kJ/mol

B.
277 kJ/mol



        C.
677 kJ/mol            D.
322 kJ/mol



        E.
508 kJ/mol

One part of the cycle involves the heat of formation:

(0) Ca(s) + Cl2(g) ( CaCl2(s)
ΔfHo(CaCl2)

To close the cycle the other way round, we have to start with sublimation and double ionization of Ca(s):

(1) Ca(s) ( Ca(g)


       ΔHs(Ca)

(2) Ca(g) ( Ca+(g) + e-(g)

I1(Ca)

(3) Ca+(g) ( Ca2+(g) + e-(g)
I2(Ca)

Then we must break the Cl2 bond and ionize the 2 Cl atoms in gas phase:

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

                         Eb(Cl2)

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

Finally we form CaCl2 from the Ca and Cl ions in gas phase to close the cycle:

(6) Ca2+(g) + 2 Cl-(g) ( CaCl2(s)

El(CaCl2)

Thus obviously from the equations:

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

and thus:

ΔfHo(CaCl2) = ΔHs(Ca) + I1(Ca)+ I2(Ca) + Eb(Cl2) + 

2 x  EA(Cl) + El(CaCl2)

and

ΔHs(Ca) = ΔfHo(CaCl2) - [I1(Ca)+ I2(Ca) + Eb(Cl2) + 

2 x EA(Cl) + El(CaCl2)]

= [-795 - 589.5 - 1145 - 242.8 + 2 x 348 + 2197] kJ/mol

= 121 kJ/mol (choice A)

30. A gas is allowed to expand at constant temperature from a volume of 1.0 L to 10.1 L against an external pressure of 0.50 atm. If the gas absorbs 250 J of heat from the surroundings, what are the values of q, w and ΔE 

(1 L atm = 101 J)?

A.
q = +250 J, w = -460 J, ΔE = -210 J

B.
q = -250 J, w = +460 J, ΔE = +210 J 

C.
q = +250 J, w = +460 J, ΔE = +710 J

D.
q = -250 J, w = -460 J, ΔE = -710 J 

E.
q = +250 J, w = -4.55 J, ΔE = +245 J

w = - PΔV 

= - 0.50 atm x (10.1 L - 1.0 L) x 101 J /(L atm) = -460 J

The gas absorbs heat, and thus q > 0: q = +250 J

ΔE = q + w = - 210 J (choice A)

31. Which of the following elements has the highest ionization energy?


A.
Cs

B.
Ga

C.
Bi


D.
As

E.
K

Remember our figure: ionization energy or potential decreases with decreasing main group number G and with increasing period number n.

Cs and K are group I and have small I, Cs has n = 6, K has n = 4

Bi: group V, n = 6 also small I

Ga is n = 4, group III, and As is n = 4, group V

n = 6 elements can be discarded and in the n = 4 sequence, As in group V has the highest I (choice D)
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