
Chemistry 141              Name ________________________________ 

Exam 3      SHOW  WORK for All Problems   

         No electronic device allowed except a non-programmable scientific calculator.  

Data for problems below: 

   2 FeO(s)  +  ½ O2(g)     Fe2O3(s)    ∆H = –281.5 kJ 

   3 FeO(s)  +  ½ O2(g)     Fe3O4 (s)   ∆H = –305.0 kJ 

         FeO(s)    Fe(s)  + ½ O2(g)   ∆H = +272.0 kJ 

1.  Calculate ∆H for the reaction:    3 Fe2O3(s)  2 Fe3O4 (s) + ½ O2(g)          ∆H = ?  (6 points) 

 

 

 

 

 

 

 

 

2.  Write a thermochemical equation for ∆Hf°[Fe3O4(s)] AND calculate its numerical value.  (8 points) 

 

 

 

 

 

 

 

 

3.  Use ∆Hf°[Fe(l)] = 90.5 kJ/mol to calculate ∆H for:      Fe(l)  + ½ O2(g)  FeO(s)  (6 points) 

 

 

 

 

 

 

 

 

4. A 6.44 g iron nail left underground is completely rusted to green rust ,FeO(s),  When this is exposed to the air 

it will convert to regular rust, Fe2O3(s).  Will heat be given off or taken in by this process ( green rust  to 

brown rust)?  How much heat?                      (8 points) 

                             

  



5. A 400.0 g metal pot initially at 20.4 °C has specific heat 0.453 J/(g∙C°).       (14 points) 

 a. Determine its temperature after 32.7 kJ of heat is added to the pot. 

 

 

 

 

 

 

 b.  Water with specific heat 4.184 J/(g∙C°) at an initial temperature of 17.8 °C is added to the (hot) pot,  Both 

water  and pot come to the same temperature 24.9 °C.  Calculate the mass of water added to the pot. 

 

 

 

 

 

 

6.    Standard Enthalpies of Formation in kJ/mol:              (12 points) 

 NiO (s)    –246.0   H2O(l)  –285.8   NO(g)  90.4   Ni(NO3)2∙6H2O(s)  –531.4 

 NiO(g) 248.1   H2O(g) –241.8   NO2(g) 33.8   Ni(NO3)2     –427.6 

 

 a.  Write a thermochemical equation for the standard enthalpy of formation for nickel(II) nitrate       

  hexahydrate, Ni(NO3)2∙6H2O(s)  Include phases and the ∆H value. 

 

 

 

 

 

 

 b.  Determine the value of ∆H for the reaction: 

  2 Ni(NO3)2∙6H2O(s)     2 NiO(s)  +  4 NO2(g)  + O2(g)  + 12 H2O(g) 

  



7. For each of the following processes indicate if work and heat are positive (+)  negative(–)  or zero (0). 

 Assume system is 1 mole of reaction at standard conditions unless otherwise indicated.     (10 points) 

 Process w = + , – , or  0 q = + , – , or  0 

a. H2O(l, 100°C)   H2O(g, 100°C)   

b. Na(l)   Na(s)   

c. NO(g)  + ½ O2(g)   NO2(g)   

d. O2(g, 1atm, 25°C)   O2(g, 2 atm, 0°C)   

e. Cu(s,100°C)   Cu(s, 350 K)   

example He(g, 100 K, 1 liter)  He(g, 100 K, 2 liters) – 0 

   

 

8. Calculate the frequency of a photon involved in a 8d  3p transition in a hydrogen atom.  Is this photon 

 emitted or absorbed?                   (8 points) 

 

 

 

 

 

 

 

 

 

 

 

 

  

h = 6.626 x 10-34 Js  c = 2.998 x 108 m/s  1 J = 1 kg∙m2/s2          mass of an e–  =  me = 9.109x10–28 g 

 λ
h

m u



  c =    E = h   E =  q +  w   w = PV   H = q  (at constant P)  

Hydrogen atoms have energy levels with energy  En = k/n2    k = 2.179x1018 J 

q = msT    1 Latm = 101.3 J   1 cal = 4.184 J      

  



9.  For the photoelectric effect   hν = hν0 + EK   where EK = ½ meu
2.        (24 points) 

 For lithium the threshold frequency is ν0 = 5.952x1016 Hz.    A photon strikes lithium so that a electron leaves 

 with speed = u = 4.41x106 m/s. 

a. Determine the kinetic energy of the electron released in joules. 

 

 

 

 

 

 

b. Determine the wave length of the photon with just enough energy to release the electron with the 

indicated speed. 

 

 

 

 

 

 

 

c. Determine the de Broglie wavelength of the electron. 

 

 

 

 

  



10.  Match the following:         (4 points) 

 ____a. solved the ultraviolet catastrophe   A. Einstein    E. Heisenberg 

 ____ b. explained the photoelectric effect   B. Bohr     F. de Broglie 

 ____ c. stated an Uncertainty Principle    C. Hertz     G. Rutherford 

 ____ d. explained hydrogen visible spectra   D.  Schrödinger   H.  Planck 

 

11.  In each set of three circle the best answer.             (10 points) 

  Highest energy:       blue light  IR  Radio      λ= 1 cm        λ= 1 mm  λ= 1 µm 

  Lowest frequency:  X-ray  MW  red light    12 MJ/mol   1200 kJ/mol 2500 cal/mol 

  Longest wavelength:       gamma ray      green light  1 GHz 

 

12.   In each line circle the best answer.             (10 points) 

 a. A 5dxy orbital has angular momentum quantum number:    -2    0     2  3         5       7 

 b. The subshell with exactly 5 orbitals:   5s  3p  4f  6d  7g 

 c. Contains an orbital with magnetic quantum number = –3 :  7g  6d  8s  9p  3f 

 d. Shell with 25 orbitals:  n= 12  l = 12  ml = 25  n= 5  l = 4 

 e. With the same energy as  4f:   5f   6p     4s     7s  5d 

 f. Orbital has exactly 2 planar nodes.     3pz  4s    5fxyz    3dzx  4px 

 g. Orbital has exactly 10 spherical nodes:  10s  10p  12d  12p  15f  

 h. Can absorb visible electromagnetic radiation:   2d    3p     1s   2p   4f 

 i.  is a wavefunction for:    1s        2s       2p       3s      3p 

 j.   is radial probability distribution for:     2s  2p  3p  3s  4d 

  



1. 3 Fe2O3(s) 6 FeO(s)  +  3·½ O2(g)        ∆H = +281.5 kJ×3 

 6 FeO(s)  +  2·½ O2(g)     2 Fe3O4 (s)   ∆H = –305.0 kJ×2 

 3 Fe2O3(s)  2 Fe3O4 (s) + ½ O2(g)    ΔH =   234.5 kJ 

 

2.   3 FeO(s)  +  ½ O2(g)     Fe3O4 (s)   ∆H = –305.0 kJ 

 3 Fe(s)  + 3·½ O2(g)   3  FeO(s)   ΔH = –272.0 kJ×3 

 3 Fe(s) + 2 O2(g)     Fe3O4 (s)    ΔH = –1121.0 kJ     = ΔHf°[ Fe3O4 (s) ] 

 

3.    Fe(s)  + ½ O2(g)     FeO(s)   ∆H = –272.0 kJ 

  Fe(l)     Fe(s)       ΔH =    –90.5 kJ 

   Fe(l)  + ½ O2(g)  FeO(s)    ΔH =  –362.5 kJ 

 

4. ?kJ = 6.44 g Fe
1 mol Fe 1 mol FeO 281.5 kJ

55.85 g Fe 1 mol Fe 2 mol FeO


    = –16.23 kJ  so  16.23 kJ given off 

5.a. q = m∙s∙ΔT  so 
J

g C

q 32700 J
ΔT = 

m s 400.0 g 0.453 


 

 = 180.0 C° = T2 – T1 = T2 – 20.4 °C   T2 = 200.9 °C 

 b.   qP = 400.0 g×0.453 J
g C ×(24.9 °C – 200.9) = –31891. = –qw = – m×4.184 J

g C ×(24.9 °C – 17.8 °C) 

  m = 1074. g water 

 

 NiO (s)    –246.0   H2O(l)  –285.8   NO(g)  90.4   Ni(NO3)2∙6H2O(s)  –531.4 

 NiO(g) 248.1   H2O(g) –241.8   NO2(g) 33.8   Ni(NO3)2     –427.6 

 

6.a.   Ni(s) + N2(g) + 6 O2(g) + 6 H2(g)   Ni(NO3)2∙6H2O(s)  ∆H = –531.4 kJ 

 

 b. 2 Ni(NO3)2∙6H2O(s)     2 NiO(s)  +  4 NO2(g)  + O2(g)  + 12 H2O(g) 

   –{ –531.4×2  }   +        { –246.0×2    +33.8×4   +    0        –241.8×12 } =      –2195.6 kJ 

7.  Process w = + , – , or  0 q = + , – , or  0 

a. H2O(l,100°C)   H2O(g,100°C) – + 

b. Na(l)   Na(s) 0 – 

c. NO(g)  + ½ O2(g)   NO2(g) + – 

d. O2(g, 1atm, 25°C)   O2(g, 2 atm, 0°C) + – 

e. Cu(s,100°C)   Cu(s, 350 K) 0 – 

   

 



8.  ∆E = E3 – E8  =  
2 2

k k

3 8

 
   

 
 = k

1 1

64 9

 
 

 
 = 2.179x10–18 J×(–0.09549) = –2.0806x10–19 J = hν 

   Photon emitted has energy 2.0806x10–19 J     ν = 
19

34

E 2.0806x10 J

h 6.626x10 J s







= 3.140x1014 s–1 

9.  a.  EK = = ½ meu
2 = 0.5×9.109x10–28 g×(4.41x106 m

s )2 2

2
m

s

1 J 1 kg

1 kg 1000 g
   = 8.858x10–18 J 

 b. hν  = hν0 + EK  =  6.626x10–34 J∙s×5.952x1016 s–1 + 8.858x10–18 J  = 3.945x10–17 J + 8.858x10–18J = 4.831x10–17J 

  hν = 17hc
3.95 10 J

λ
x       λ = 

34 8 m
s

17

6.626x10 J s 2.998 10hc

E 4.831x10 J

x



 
 = 4.11x10–9 m 

 c.  λ = 

2

2
m34
s

28 6 m
s

1 kgh 6.626x10 J s 1000 g

mu 9.109x10 g 4.41x10 1 J 1 kg






  


 = 1.649x10–10 m 

10.   a.  H      b.  A   c. E   d.  B 

11.  Highest energy:       blue light  IR  Radio      λ= 1 cm        λ= 1 mm  λ= 1 µm 

  Lowest frequency:  X-ray  MW  red light     12 MHz 1200 kHz  2500 s–1 

  Longest wavelength:       gamma ray      green light  1 GHz 

12.   In each line circle the best answer.             (10 points) 

 a. A 5dxy orbital has angular momentum quantum number:    -2    0     2  3         5       7 

 b. The subshell with exactly 5 orbitals:   5s  3p  4f  6d  7g 

 c. Contains an orbital with  magnetic quantum number = –3 :  7g  6d  8s  9p  3f 

 d. Shell with 25 orbitals:  n= 12  l = 12  ml = 25  n= 5  l = 4 

 e. With the same energy as  4f:   5f   6p     4s     7s  5d 

 f. Orbital has exactly 2 planar nodes.     3pz  4s    5fxyz    3dzx  4px 

 g. Orbital has 10 spherical nodes:  10s  10p  12d  12p  15f  

 h. Can absorb visible electromagnetic radiation:   2d    3p     1s   2p   4f 

 i.  is a wavefunction for:    1s        2s       2p       3s      3p 

 j.   is radial probability distribution for:     2s  2p  3p  3s  4d        X4_F13a 


