AP Chemistry Study Guide – Chapter 7 and 8, Atomic Structure and Periodicity

Students should be able to …

· Find wavelength, amplitude, and frequency of a sine wave 
· Discuss the electromagnetic spectrum 
· Convert between frequency and wavelength 
· Calculate the energy of a wave 

· Calculate the energy of an electron 
· Calculate the energy released in a transition of an electron from an excited state to the ground state 

· Know the order of visible light by increasing energy (ROY G BIV) 
· Define: ground state, excited state, Aufbau principle, Pauli exclusion principle, Heisenberg Uncertainty Principle, Hund’s rule, octet rule, valence 
· Discuss particle-wave nature of light. 
· Know the definitions of all four quantum numbers. 
· Find the values for all four quantum numbers for a chosen electron 
· Know the order of filling of the orbitals (Aufbau principle/diagonal rule) 
· Know the maximum number of electrons in each type of orbital. 
· Find electron configurations, both longhand and shorthand, for elements and ions 
· Predict the last electron in a configuration using the periodic table 
· Draw orbital diagrams for elements and ions 
· Know d4, d9, f1, and f8 exceptions. 
· Know the direction, definition, and reasoning behind periodic trends: atomic radius, ionic radius, 1st ionization energy, electron affinity, and electronegativity 

Sample AP Questions (copyright College Board)
Use these answers for questions 1 - 3.

(A) O
(B) La
(C) Rb
(D) Mg
(E) N 

1. What is the most electronegative element of the above?

2. Which element exhibits the greatest number of different oxidation states?

3. Which of the elements above has the smallest ionic radius for its most commonly found ion?

Use these answers for questions 4 - 7.

(A) 1s2 2s22p5 3s23p5
(B) 1s2 2s22p6 3s23p6
(C) 1s2 2s22p62d10 3s23p6
(D) 1s2 2s22p6 3s23p63d5
(E) 1s2 2s22p6 3s23p63d3 4s2 

4. An impossible electronic configuration

5. The ground-state configuration for the atoms of a transition element

6. The ground-state configuration of a negative ion of a halogen

7. The ground-state configuration of a common ion of an alkaline earth element

33. Which of the following conclusions can be drawn from J. J. Thomson's cathode ray experiments?

(A) Atoms contain electrons.
(B) Practically all the mass of an atom is contained in its nucleus.
(C) Atoms contain protons, neutrons, and electrons.
(D) Atoms have a positively charged nucleus surrounded by an electron cloud.
(E) No two electrons in one atom can have the same four quantum numbers. 

Free response 

6) Account for each of the following in terms of principles of atomic structure, including the number, properties, and arrangements of subatomic particles.

(a) The second ionization energy of sodium is about three times greater than the second ionization energy of magnesium.

(b) The difference between the atomic radii of Na and K is relatively large compared to the difference between the atomic radii of Rb and Cs.

(c) A sample of solid nickel chloride is attracted into a magnetic field, whereas a sample of solid zinc chloride is not.

(d) Phosphorus forms the fluorides PF3 and PF5, whereas nitrogen forms only NF3.

Answers for AP Problems for Chapter 7 – Atomic Structure and Periodicity:


1. A
2. E
3. D
4. C
5. E
6. B 
7. B
33. A

6) average = 2.1

a) three points

Electron configuration of Na and Mg (1 pt)

Any one earns a point:

Octet / Noble gas stability comparison of Na and Mg
Energy difference explanation between Na and Mg
Size difference explanation between Na and Mg 

Note: If only Na or Mg is used 1 point can be earned by showing the respective electron configuration and using one of the other explanations

Shielding/effective nuclear charge discussion earns the third point.


b) one point

Correct direction and explanation of any one of the following:

shielding differences
energy differences
# of proton/ # of electron differences 


c) two points

Any one set earns one point:

(i) Ni unpaired electrons. paramagnetic
(ii) Zn paired electrons/ diamagnetic
(iii) Ni unpaired electrons/ Zn paired electrons
(iiii) Ni paramagnetic/ Zn diamagnetic 

Orbital discussion/ Hund's Rule/ Diagrams earns the second point.


d) two points 

Expanded octet or sp3d hybrid of phosphorous (1 pt)

Lack of d orbitals in nitrogen (1 pt)

OR

nitrogen is too small to accomodate (or bond) 5 Fluorines or 5 bonding sites (2 pts)

