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Chapters 6 and 7 Quantum Theory and Periodic Table
 Exercise 1:
  Convert wavelength in 650 nm to frequency in Hz


   (1m = 109 nm)
  Answer:
(( = c


  ( = c/(
                        = (2.9979 x 108 m/s) / 650 x 10-9 m

                        = 4.61 x 1014 s-1 = 4.61 x 1014 Hz
         Exercise 2:

Calculate the energy required to remove the electron from a hydrogen atom in its ground state:
Answer:








__________ n = (

ΔE= Efinal – Einitial 

  





__________ n = 1
ΔE = -2.178 x 10-18 J x Z2 (1/n(2 – 1/n2)

  Z  = 1 
for hydrogen atom

     

ΔE = -2.178 x 10-18 J x 12 [(1/ () – (1/12)]

      = -2.178 x 10-18 J (0 -1)

      = 2.178 x 10-18 J
Exercise 3:

The elements that has the 1st, 2nd, and 3rd ionization energies as: 

I1 = 735 kJ/mol            I2 = 1445 kJ/mol           I3 = 7730 kJ/mol


is:
A) Na
    B) Mg
       C) 
       D) Al             E) P


Answer:


A) Na: [Ne]3s1 configuration, the big jump would occur at I2  
    

B) Mg: [Ne]3s2 configuration, the big jump would occur at I3  

C) Al: [Ne]3s23p1 configuration, the big jump would occur at I4    

D) Si: [Ne]3s23p2 configuration, the big jump would occur at I5    

E) P: [Ne]3s23p3 configuration, the big jump would occur at I6
    
In general:

1. The increase in positive charge binds the electrons more strongly and the ionization energy increases.
2. As we go across a period from left to right, the first ionization energy increases (as nuclear charge increases by adding a proton).
3. As we go down a group the first ionization energy decreases (as n increases the electron is easier to remove).
Exception: in period 2 and 3

2A
3A
4A
5A
6A
7A


Be
B
C
N
O
F


2
899
800
1086
1402
1314
1681




Mg
Al
Si
P
S
Cl


3
735
580
780
1060
1005
1255


Exercise 4:

P : [Ne]3s23p3





S: [Ne]3s23p4
The electron–electron repulsion between paired electrons in 3p4 orbital in S makes it more easily to remove one of the electrons.

Chapter 7, Selected Old Exams Questions:

(Not all Answers are A):PRIVATE 

1. 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)
2. 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)
3. 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

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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4. 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

E) 6.6 x 10-27 m

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
5. 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

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.

6. 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

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):
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Thus the correct sequence is 
A) F < Br < Ca < Ba < Cs

7. Calculate the energy in kJ/mol, for photons of light with a wavelength of 281 nm.

A) 426

B) 558

C) 621

D) 842

E) 7.07 x 10-19
The energy of 1 photon is
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However, E) being the energy of 1 photon is incorrect. To get that of a mole of photons, we must multiply by Avogadros's number:
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8. The electron configuration of a selenium, Se, atom is

A) [Ar]4s23d104p4


B) [Ar]3s23p43d10
C) [Ar]4s24p64d8


D) [Kr]4p2
E) [Kr]4s23d104p4
Se is in representative group VI, thus it has 6 s,p valence electrons ns2np4
It is in period 4, thus n = 4 and (n-1)d is filled: ns2(n-1)d10np4
The next smaller noble gas to Se is Ar, thus Se has an [Ar] core: [Ar]4s23d104p4
9. Given the following 1st, 2nd, and 3rd ionization energies for an element:

     I1 = 735 kJ/mol                  I2 = 1445 kJ/mol

I3 = 7730 kJ/mol

     the element can be

A) Mg

(this has a [Ne]3s2 configuration, thus a I1 which is smallest, an I2 being larger (because the second s electron is more strongly bound, having no repulsions anymore in 3s), and I3 being largest (jump by a factor of 6 to 7) when an electron is removed from the core. So it can be Mg)
B) Na 

 (this has a [Ne]3s1 configuration, thus the big jump would occur at I2, thus it cannot be Na)
C) Al 

 (this has a [Ne]3s23p1 configuration, thus the big jump would occur at I4, thus it cannot be Al)
D) Si

 (this has a [Ne]3s23p2 configuration, thus the big jump would occur at I5, thus it cannot be Si)
E) P

(this has a [Ne]3s23p3 configuration, thus the big jump would occur at I6, thus it cannot be P)
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