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 Chapter 5  

Speed of a Wave 
ݑ ൌ  ߥߣ

Energy of a Wave 
ܧ ൌ  ߥ݄

Balmer-Rydberg Equation I 
ଵ

ఒ
ൌ ܴሺ

ଵ

మ െ
ଵ

మ
ሻ with n > m 

Balmer-Rydberg Equation II 

ߥ ൌ ܴ ∙ ܿሺ
ଵ

మ െ
ଵ

మ
ሻ with n > m 

Rydberg Constant 
R=1.097×10-2 nm-1 

Speed of Light 
c = 3.00×108 m/s 

Planck’s Constant 
h = 6.626×10-34 J•s 

De Broglie Equation 

ߣ ൌ
݄
ߥ݉

 

 

Heisenberg Uncertainty Principle 

ሺ∆ݔሻሺ∆݉ݒሻ 
݄
ߨ4

 

Effective Nuclear Charge 
ܼ ൌ ܼ௧௨ െ ݊ݎݐ݈ܿ݁ܧ ݄݈ܵ݁݅݀݅݊݃ 
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Ionization Energy (kJ/mol) 

Ionization 
Energy 

(EIE) Na Mg Al Si P S Cl Ar 
1 496 738 578 787 1,012 1,000 1,251 1,520 
2 4,562 1,451 1,817 1,577 1,903 2,251 2,297 2,665 
3 6,912 7,733 2,745 3,231 2,912 3,361 3,822 3,931 
4 9,543 10,510 11,575 4,356 4,956 4,564 5,158 5,770 
5 13,353 13,630 14,380 16,091 6,273 7,013 6,540 7,238 
6 16,610 17,995 18,376 19,784 22,233 8,495 9,458 8,781 
7 20,114 21,703 23,293 23,783 25,397 27,106 11,020 11,995

 

Lattice Energies (kJ/mol) 
 Anion 

Cation F- Cl- Br- O- O-2

Li+ 1,036 853 807 757 2,925 

Na+ 923 787 747 704 2,695 

K+ 821 715 682 649 2,360 

Be+2 3,505 3,020 2,914 2,800 4,443 

Mg+2 2,957 2,524 2,440 2,327 3,791 

Ca+2 2,630 2,258 2,176 2,074 3,401 

Al+3 2,515 5,492 5,361 5,218 1,5916 
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Average Bond Dissociation Energies (D) (kJ/mol)  
H-H 436  C-H 410  N-H 390  O-H 460  F-F 159 
H-C 410  C-C 350  N-C 300  O-C 350  Cl-Cl 243 
H-F 570  C-F 450  N-F 270  O-F 180  Br-Br 193 
H-Cl 432  C-Cl 330  N-Cl 200  O-Cl 200  I-I 151 
H-Br 366  C-Br 270  N-Br 240  O-Br 210  S-F 310 
H-I 298  C-I 240  N-I -  O-I 220  S-Cl 250 
H-N 390  C-N 300  N-N 240  O-N 200  S-Br 210 
H-O 460  C-O 350  N-O 200  O-O 180  S-S 225 
H-S 340  C-S 260  N-S -  O-S -    

              
Multiple Covalent Bonds:  

C=C 611  C≡C 835  C=O 732  O=O 498  N≡N 945 
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Kinetic Energy 

ܧ ൌ
1
2
 ଶݒ݉

Work (PV) 
ݓ ൌ െܲ∆ܸ 

Energy Transfer 
௩ݍ ൌ ܸ∆ሺ	ܧ∆ ൌ 0ሻ 

ݍ ൌ ܧ∆  ܲ∆ܸ ൌ ሺConstantܪ∆ Pሻ 
Gibbs Free Energy 
ܩ∆ ൌ ܪ∆ െ ܶ∆ܵ 

ܶ ൌ
ܪ∆
∆ܵ

 

Heating Curves 
ݍ ൌ  ܶ∆ݏ݉
ݍ ൌ  ܪ∆݉
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Pressure: 

ܲ ൌ
ܨ
ܣ
ൌ
݉	 ൈ ܽ
ܣ

 

Ideal Gas Law: 
ܸܲ ൌ ܴ݊ܶ  

Pascal Units: 

1	ܲܽ ൌ
ܰ
݉ଶ ൌ

݇݃
݉ ∙ ଶݏ

 

    
Gas Constant: 

ܴ ൌ
଼.ଷଵସ	

∙
ൌ 0.08205

∙௧

∙
  

STP 
(Standard Temperature and Pressure) 

0Ԩ ܽ݊݀ 1 ݉ݐܽ

Mole Fraction (X): 
ݐ݊݁݊݉ܿ	݂	ݏ݈݁݉
ݏ݈݉	݈ܽݐܶ ݅݊ ݁ݎݑݐݔ݅݉

 

   
Daltson’s Law: 

௧ܲ௧ ൌ ∑ ܲ ൌ ଵܲ 	 ଶܲ 	 ଷܲ	 …  
ଵܲ ൌ ଵߕ ∙ ்ܲ௧  

Kinetic-Molecular Theory: 

ܧ ൌ
ଷ

ଶ

ோ்

ேಲ
ൌ

ଵ

ଶ
   ଶݑ݉

Kinetic-Molecular Theory: 

ݑ ൌ ට
ଷோ்

ேಲ
ൌ ටଷோ்

ெ
   

   
 Graham’s Law: 

ଵ݁ݐܴܽ
ଶ݁ݐܴܽ

ൌ
√݉ଶ

√݉ଵ
ൌ ඨ

݉ଶ

݉ଵ
 

Effusion: 
௨భ
௨మ
ൌ √మ

√భ
ൌ ට

మ

భ
   

van der Waals Equation: 

ܲ ൌ	
ோ்

ሺ௩ିሻ
െ

మ

మ
   

   
van der Waals Equation: 

ቀܲ 
మ

మ
ቁ ሺܸ െ ܾ݊ሻ ൌ ܴ݊ܶ  
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Clausius-Clapeyron Equation I 

ln ௩ܲ ൌ ൬െ
௩ܪ∆
ܴ

൰
1
ܶ
  ܥ

Clausius-Clapeyron Equation II 

ln ଶܲ ൌ ln ଵܲ  ሺ
௩ܪ∆
ܴ

ሻሺ
1

ଵܶ
െ
1

ଶܶ
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Calorimetry 
ݍ ൌ  ܶ∆ݏ݉
ݍ ൌ  ܪ∆݉

   
Simple Cubic Cell (SCC) 

 
a = 2r 

Body Cubic Cell (BCC) 

 

ܽ ൌ
ݎ4

√3
 

Face Cubic Cell (FCC) 

 
ܽ ൌ  ݎ8√

Bragg Equation 

݀ ൌ
ߣ݊

2	 sin ߠ
 

Dipole Moments 
μ ൌ Q ൈ r 

1	D ൌ 3.36 ൈ 10ଷܥ ∙ ݉ 

 

   
Phase Diagram of Water Phase Diagram of Carbon Dioxide 
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Molarity (M): 
݁ݐݑ݈ݏ	݈݉
݊݅ݐݑ݈ݏ	ܮ

 

Molality (m): 
ݏ݈݉ ݁ݐݑ݈ݏ
݇݃ ݐ݊݁ݒ݈ݏ

 

Mole Fraction(X):  

 
௦		௦௨௧

௦ ௦௨௧ା௦	௦௩௧
ൌ

௦ ௦௨௧

௦ ௦௨௧
 

   
Mass Percent (m/m): 
ெ௦௦		௧

்௧	௦௦		௦௨௧
  

Part per million (ppm): 

 
ெ௦௦  ௧

்௧ ௦௦  ௦௨௧
ൈ 10 

Part per billion (ppb): 

 
ெ௦௦		௧

்௧	௦௦		௦௨௧
ൈ 10ଽ 

   
Henry’s Law: 

ݕݐ݈ܾ݅݅ݑ݈ܵ  ൌ ݇ ∙ ܲ 
Raoult’s Law: 

						 ௦ܲ ൌ ௦ܲ௩ ൈ   ௦௩ߕ
      ∆ ௦ܲ ൌ ௦ܲ௩ ൈ ௦௨௧ߕ

van’t Hoff Factor: 

 ݅ ൌ
௦		௧

௦		௦௨௧ ௗ௦௩ௗ
 

   
Volatile Solute: 
்ܲ௧ ൌ ܲ  ܲ  

															 ்ܲ௧ ൌ ൫ ܲ
° ∙ ܺ൯ 	ሺ ܲ

° ∙ ܺሻ  

Boiling Point Elevation: 
 ∆ ܶ ൌ  ܭ݉݅

Freezing Point Depression: 
 ∆ ிܶ ൌ  ிܭ݉݅

   
Osmotic Pressure: 

ߎ  ൌ  ܴܶܯ
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0th Order Reaction 
ሾܣሿ௧ ൌ െ݇ݐ  ሾܣሿ 

1st Order Reaction 

݈݊
ሾܣሿ௧
ሾܣሿ

ൌ െ݇ݐ 

lnሾܣሿ௧ ൌ 	െ݇ݐ  ݈݊ሾܣሿ 

ଵ/ଶݐ ൌ
0.693
݇

 

2nd Order Reaction 
1
ሾܣሿ௧

ൌ ݐ݇ 
1
ሾܣሿ

 

ଵ/ଶݐ ൌ
1

݇ሾܣሿ
 

Arrhenius Equation 
݇ ൌ  ாೌ/ோ்ି݁ܣ

ln ݇ ൌ ൬
െܧ
ܴ
൰	൬

1
ܶ
൰  lnܣ 

ln ൬
݇ଶ
݇ଵ
൰ ൌ ൬

െܧ
ܴ
൰	൬

1

ଶܶ
െ
1

ଵܶ
൰ 

Relationship kp and kc 

݇ ൌ ݇ሺܴܶሻ∆ 
Quadratic Equation 

ݔ ൌ
െܾ േ √ܾଶ െ 4ܽܿ

2ܽ
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Log Relationships 
pH ൌ	െlogሾHାሿ 
ሾܪାሿ ൌ 10ିு 

Dissociation of Water 
pH  pOH ൌ 14 

ሾHାሿሾOHିሿ ൌ 1 ൈ 10ିଵସ 

Henderson-Hasselbalch Equation 

pH ൌ pKୟ  log
ሾBaseሿ
ሾAcidሿ

 

 

 

 

 

 

 

 

 

 



 Chapter 16 - Thermodynamics  
   

Boltzmann Equation: 
ܵ ൌ ݇ lnሺܹሻ 

݇ ൌ 	
ோ

ேೌ
ൌ 1.38 ൈ 10ିଶଷJ/K 

Entropy: 
∆்ܵ௧

 ൌ ∆ ௌܵ௬௦௧
  ∆ ௌܵ௨

  

∆ ௌܵ௨
 ൌ

ି∆ு

்
  

Standard Change: 
∆S୭ ൌ S୰୭ୢ

୭ െ Sୖୣୟୡ୲
୭  

∆H୭ ൌ H୰୭ୢ
୭ െ Hୖୣୟୡ୲

୭  
∆G୭ ൌ ୰୭ୢܩ

୭ െ ୟୡ୲ୣୖܩ
୭  

 
   

Entropy and Expansion I: 

∆ܵ ൌ ݊	ܴ	ln	ሺ ܸ

ܸ
ሻ 

Entropy and Expansion II: 

∆ܵ ൌ ݊ ܴ lnሺ ܲ

ܲ
ሻ 

Free Energy and Equilibrium  
ܩ∆ ൌ െܴ݈ܶ݊ܭ 

ܭ ൌ ݁ି
∆ீ
ோ்  

   
Gibbs Free Energy: 
ܩ∆ ൌ ܪ∆	 െ ܶ∆ܵ  

Equilibrium Temperature: 

T ൌ
∆H
∆S

 

Free Energy and Non-Equilibrium 
∆G ൌ	∆G୭  RTlnQ 

 

 Chapter 17 - Electrochemistry  
   

Electromotive Force (EMF) 
ܧ
 ൌ ௗܧ

 െ ௫ௗܧ
  

ܧ
 ൌ ௧ௗܧ

 െ ௗܧ
  

Gibbs Free Energy and EMF 
∆G ൌ െnFE 

Conversion Factors: 

ሻܨሺ	ݕܽ݀ܽݎܽܨ	1  ൌ
ଽ,ହ

	ష
 

ܨ	1 ൌ 	
ܥ

ܣ ∙ ܿ݁ݏ
 

   
Nearnst Equation I (General): 

ܧ ൌ ܧ	
 െ

2.303ܴܶ	
ܨ݊

logܳ 

 

Units of Energy: 

1 ܸ ൌ
1 ܬ
1 ܥ

 

 

Watts: 

ሺܹሻ	ݐݐܹܽ	1  ൌ
ଵ 

௦
 

   
Nearnst Equation I (STP): 

 	

ܧ ൌ ܧ	
 െ

0.0592	ܸ	
݊

logܳ 

Coloumbs: 
ܥ ൌ ݉ܽ ∙  ܿ݁ݏ

 

 

 Chapter 22 – Nuclear Chemistry  
   

Decay  
Decay Rate = ݇ ൈ ܰ 

ln ൬ ௧ܰ

ܰ
൰ ൌ 	െ݇ݐ 

ଵ/ଶݐ ൌ
0.693
݇

 

Atomic Masses 
proton = 1.00728 amu 
neutron = 1.00866 amu 

electron = 5.486 ൈ 10ିସ amu 

Conversion Factors 
	1	eV ൌ 1.60 ൈ 10ିଵଽJ 

ܬ	1 ൌ 	
݇݃ ∙ ݉ଶ

ଶݏ
 

1	݃ ൌ 6.022 ൈ 10ଶଷܽ݉ݑ 

   
Einstein 
ܧ ൌ ݉ܿଶ 

ܿ ൌ 3.00 ൈ  ଶݏ/10଼݉

Units for Measuring Radiation 
Becquerel: 1 Bq ൌ 1 dis/s
Curie: 1 Ci ൌ 3.7 ൈ 10ଵdis/s 
Gray: 1 Gy = 1J/kg tissue 
Rad: 1 Rad  0.01 Gy 

Sievert: 1 Sv = 1 J/kg tissue 
Rem: 1 rem = 0.01 Sv 

 
 

 

 


