
Te goal of Chemical Principles is to help you make the journey from student to scientist. To 
do that, the authors focus on helping you develop “chemical insight” – the ability to see matter 
through the eyes of a chemist, and to make connections between chemical principles and their 
applications in the laboratory and the world around us. 

Tis Study Guide will give you a grasp of the fundamentals while helping you avoid common 
mistakes. For each chapter of the text, the Study Guide covers:
•  Section-by-section reinforcement of major points
•  Supplementary tables and graphs which amplify, clarify, or summarize a body of materials
• Notes to point out potential pitfalls and key ideas
•  Highlighted key equations for easy review

Tis Study Guide will build on your problem-solving techniques and chemical insight, making 
you a better student and chemist and helping you to earn a better grade in the course.

Other support for Chemical Principles
Premium Media Resources
Te Chemical Principles Book Companion Site, which can be accessed at www.whfreeman.com/
chemicalprinciples6e, contains a variety of Premium Student Resources. Students can unlock these 
resources with the click of a button, putting extensive concept and problem-solving support at 
their fngertips. Some of the resources available are:
•  Toolbox Tutorials present major types of calculations in an interactive format. Tey 
demonstrate the connections between concepts and problem solving and are designed as hands-
on learning aids and handy summaries of key materials. 
•  ChemCasts replicate the face-to-face experience of watching an instructor work a problem. 
Using a virtual whiteboard, these video tutors show students the steps involved in solving 
key worked examples while explaining the concepts along the way. Tey are easy to view on a 
computer screen or download to an iPod. 
•  ChemNews from Scientifc American provides a streaming newsfeed of the latest articles from 
Scientifc American. 
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PREFACE 
 
 
This Study Guide accompanies the textbook Chemical Principles: The Quest for Insight, 
Sixth Edition, by Peter Atkins, Loretta Jones, and Leroy Laverman —an authoritative and 
thorough introduction to chemistry for students anticipating careers in science or 
engineering disciplines. We have followed the order of topics in the textbook chapter for 
chapter. The parallel between the symbols, concepts, and style of this supplement and the 
textbook enable the reader to move easily back and forth between the two. 
 
 Much of the Study Guide is presented in outline style with material highlighted by 
bullets, arrows, some tables, and figures. In general, bullets offset major items of 
importance for each section and arrows provide explanatory material, descriptive 
material, or some examples to reinforce a concept. This telegraphic style should help the 
student obtain a broad perspective of large blocks of material in a relatively short period 
of time, and may prove particularly useful in preparing for examinations. We believe that 
the Study Guide will be most useful following a careful reading of the text. Chapter 
Sections follow those in the text and contain descriptive material (bullets and arrows) as 
well as numerous examples. Many examples are worked out in detail. While we have 
covered most of the material in the text, we have not attempted to be encyclopedic. To 
help obtain a broad overview of the material, important equations are highlighted in 
boxes. Students may find this aspect of the guide particularly useful before exams. Where 
appropriate, we have introduced supplementary tables either to amplify material in the 
text, to clarify it further, or to summarize a body of material. Sprinkled throughout the 
guide are Notes; in the main, these are designed to point out common pitfalls.  New in the 
sixth edition is a more readable, open format.  The content is updated to closely follow 
changes and new approaches in the textbook. 
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Chapter 1   THE QUANTUM WORLD 
INVESTIGATING ATOMS  (Sections 1.1–1.3)    

1.1 The Nuclear Model of the Atom 
• Background 

→  J. J. Thomson found that charged cathode-ray particles, which are now called electrons, were the 
same regardless of the metal used for the cathode.  He concluded that they are part of the 
foundation of all atoms. 

→  Thomson measured a value of e/me , the ratio of the magnitude of the electron’s charge e to its 
mass me . Values for e and me were not known until the physicist Robert Millikan carried out 
experiments that enabled the calculation of the value of e. 

→  Fundamental unit of charge: e = 1.602 × 10−19 C.   Mass of the electron: 9.109 × 10−31 kg. 

→  The charge of −e is “one unit” of negative charge, and the charge of e is “one unit” of positive 
charge. 

→  Based on the scattering of alpha particles on platinum foil, Ernest Rutherford proposed a nuclear 
model of the atom.  Later work showed that the nucleus of an atom contains particles called 
protons, each of which has a charge of +e (responsible for the positive charge), and neutrons 
(uncharged particles). 

→  The number of protons in the nucleus is different for each element and is called the atomic 
number, Z, of the element (Fundamentals, Section B).  The total charge on an atomic nucleus of 
atomic number Z is +Ze and, for the atoms to be electrically neutral, there must be Z electrons 
around it. 

• Subatomic particles 
→ Electron:   mass (m = 9.109 383 × 10−31 kg)   charge (−e = −1.602 177 × 10−19 C) 
→ Proton:  mass (m = 1.672 622 × 10−27 kg)  charge ( e = 1.602 177 × 10−19 C) 
→ Neutron:  mass (m = 1.674 927 × 10−27 kg)  charge = 0 

• Nucleus 

→ Nucleons (protons and neutrons) occupy a small volume at the center of the atom.  The binding 
energy of the nucleus is attributed to a strong force (nuclear) acting over a very short distance. 

→ The radius of the nucleus (assumed to be spherical) is given roughly by  rnuc = r0 A1/3,  
where  r0 ≈ 1.3 × 10−15 m = 1.3 fm. 

• Atom  
→ Atomic number:  Z = Np = number of protons in the nucleus 
→ Atomic mass number:  A = Np + Nn = number of protons and neutrons in the nucleus 
→ Uncharged atom:  Np = Ne  (number of protons equals the number of electrons) 
→ Electrons occupy a much larger volume than the nucleus and define the “size” of the atom.  The 

binding energy of the electrons is attributed to a weak force (coulomb) acting over a much longer 
distance than the strong force.   
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1.2 The Characteristics of Electromagnetic Radiation  
• Oscillating amplitude of electric and magnetic field   

→  Waves are characterized by wavelength  λ (lambda) and frequency ν (nu). 
→  Waves always travel at the speed of light (constant for a given medium) 
→  No known upper or lower limit of frequency or wavelength 
  

    Distance Behavior   (fixed time t)                      Time Behavior  (fixed position x) 
  

        

Oscillating Wave  x direction

x

wavelength λ

              

Oscillating Wave  t time

t

period

frequency ν = (1/period)
    

 
 

Speed of light (distance/time) = wavelength / period = wavelength × frequency 
 
   c = λν  speed of light = wavelength × frequency  
 
  SI units:        (m ⋅ s−1)        (m)     (s−1)     [1 Hz (hertz) = 1 s−1] 
 

→  The speed of light c (c0 in vacuum ≈ 3.00 × 108 m ⋅ s−1) depends on the medium it travels in.  
Medium effects on wavelength in the visible region are small (beyond three significant figures). 

→  Visible radiation or visible light: 700 nm to 400 nm. 
→  Ultraviolet radiation: < 400 nm  (< 200 nm vacuum ultraviolet) 
→  Infrared radiation: > 700 nm  
→  Infrared radiation: > 700 nm  
→  Visible spectrum colors (pneumonic): ROY G BIV (red, orange, yellow, green, blue, indigo, violet) 
→  See Table 1.1 in the text: Color, Frequency, and Wavelength of Electromagnetic Radiation 

1.3 Atomic Spectra 
• Spectral lines   
 →  Discharge lamp of hydrogen 
 H2 + electrical energy  →  H + H*   [* ≡ asterisk denotes excited atom] 
 H*  →  H(*) + hν [(*) ≡ denotes a less excited atom] 
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• Lines form a discrete pattern   
 →  Discrete energy levels 

• Hydrogen atom spectral lines  
→  Spectral lines imply discrete energy level for electrons in atoms    
→  Johann Rydberg’s general equation 
→  n2 = nupper   and   n1 = nlower 

    

  1 2 1 12 2
1 2

1 1   1,  2,     1,  2,   n n n n
n n

ν
 

= − = = + + 
 

 R  

 

R  = 3.29 × 1015 Hz   
Rydberg constant 

→  Rydberg expression reproduces pattern of lines in H atom emission spectrum.  The value of R  is 
obtained empirically. 

 
 Note: Lines with a common n1 can be grouped into a series and some have special names: 
 
  n1 = 1 (Lyman),   2 (Balmer),           3 (Paschen),     4 (Brackett),       5 (Pfund) 
 121.6 nm    656.3 nm (red) 1.875 µm   4.05 µm 7.46 µm 
 102.6 nm 486.1 nm (blue) 1.282 µm 2.62 µm 4.65 µm 
 97.3 nm 434.0 nm (indigo) 1.094 µm 2.16 µm 3.74 µm 
 95.0 nm 410.2 nm (violet)   1.005 µm 1.94 µm 3.30 µm 
       ⋅⋅⋅⋅⋅⋅⋅⋅          ⋅⋅⋅⋅⋅⋅⋅⋅          ⋅⋅⋅⋅⋅⋅⋅⋅     ⋅⋅⋅⋅⋅⋅⋅⋅                  ⋅⋅⋅⋅⋅⋅⋅⋅ 
 series limit:     91.2 nm 364.7 nm 0.820 µm 1.46 µm 2.28 µm 
  n2 = ∞ 
 spectrum:  vacuum UV vis → UV   IR         IR         IR 
 
Infrared:         near  [0.8 µm to 20 µm]    and    far  [50 µm to 1000 µm] 

      [0.7 µm to 50 µm]  [50 µm to 100 µm] 
 
Note:  Different limits for the infrared are determined mainly by instrumentation and/or the light source 

used. 

 
 
 

QUANTUM THEORY  (Sections 1.4–1.7)    

1.4 Radiation, Quanta, and Photons  
•  Black body   
 →  Perfect absorber and emitter of radiation 

 →  Intensity of radiation for a series of temperatures leads to two laws (Stefan–Boltzmann 
and Wien’s). 
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 → Stefan–Boltzmann law:       4
2

Power emitted (watts) c onstant
Surface area (meter )

T= ×  

 →  Wien’s law:     max  constant Tλ =    where constant  =  2.88 K ⋅ mm      

   Wavelength corresponding to maximum intensity  =  λmax  
At higher temperature, maximum intensity of radiation shifts to lower wavelength. 

• Energy of a quantum (packet) of light (generally called a photon) 
→  Postulated by Max Planck to explain black body radiation 

→ Resolved the “ultraviolet catastrophe” of classical physics, which predicted intense ultraviolet 
radiation for all heated objects (T > 0) 

→  Quantization of electromagnetic radiation 
 

  E h= ν  Photon energy = Planck constant × photon frequency 
 
 SI units:                (J)         (h = 6.6261 × 10−34 J ⋅ s)  (s−1)     

•  Photoelectric effect  
 → Ejection of electrons from a metal surface exposed to photons of sufficient energy 

→ Indicates that light behaves as a particle 
 

K  E h= ν − Φ  
EK = kinetic energy of the ejected electron, Φ = threshold energy 
(work function) required for electron ejection from the metal surface, 
and hν = photon energy 

→   hν ≥ Φ required for electron ejection 

• Bohr frequency condition  
 

     upper lower  h E Eν = −  Relates p hoton en ergy t o en ergy d ifference b etween t wo en ergy 
levels in an atom  

1.5 The Wave–Particle Duality of Matter 

• Wave behavior of light   

→ Diffraction and interference effects of superimposed waves (constructive and destructive) 

• Matter has wave properties. 
→ Proposed by Louis de Broglie 

 →  Consider matter with mass m and velocity v.  
→  Such matter behaves as a wave with a characteristic wavelength.  

  h
mv

λ =  de Broglie wavelength for a particle with linear momentum  p = mv 
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→  Wave character of electrons is verified by electron diffraction. 

1.6  The Uncertainty Principle  
• Complementarity of location (x) and momentum (p) 

→  Uncertainty in x is ∆x; uncertainty in p is ∆p. 
→  Limitation of knowledge (p and x cannot be determined simultaneously) 

/2  p x∆ ∆ ≥      Heisenberg uncertainty principle, where   = h / 2π  
  

→   is called "h bar"     = 1.0546 × 10−34 J⋅s 
 

→  Refutes classical physics on the atomic scale 

1.7 Wavefunctions and Energy Levels 
• Classical trajectories   
 →  Precisely defined paths     

• Wavefunction  ψ     
 →  Gives probable position of particle with mass m 

• Born interpretation    

 →  Probability of finding particle in a region is proportional to ψ 2. 

• Schrödinger equation    
  →  Allows calculation of ψ by solving a differential equation 

 →   H ψ = E ψ;  H is called the Hamiltonian   
→ H represents the sum of kinetic energy and potential energy in a system  

 

2
2 

2
V E

m
ψ ψ ψ− ∇ + =



 

• Particle in a box   
 →  Mass m confined between two rigid walls a distance L apart 

→  ψ = 0 outside the box and at the walls (boundary condition) 
→ The operator for a one-dimensional system is 

 
2

2
2

d 
dx

∇ =
 

 




