
Equations - Quantum Chem 4 

Energy 

       Quick and dirty conversions 

Ekcal/mol = 2.86x104/(nm) = 9.52x10-14 x v(hz) 
EeV = 1240/(nm) 
𝑣 = 349.8 𝑥 E(kcal/mol)  

 
    Hydrogen 

𝐻 =  
ħ

2𝑚
𝛻 −  

𝑒

4𝜋𝜀 𝑟
− 

𝑒

4𝜋𝜀 𝑟
+

𝑒

4𝜋𝜀 𝑟
 

𝐸 =  𝐸 + −   ; 𝐸 ∗ =  𝐸 + −  ;    

𝑗 = 𝑗 ∫  𝑑𝜏  (𝑐𝑜𝑢𝑙𝑜𝑚𝑏 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑙);   𝑘 = 𝑗
𝑜 ∫

𝜓𝐴𝜓𝐵

𝑟𝐵
 𝑑𝜏   (𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑙);   𝑠 = 𝑗

𝑜 ∫
𝜓𝐴𝜓𝐵

𝑟𝐵
 𝑑𝜏 (overlap integral) 

 
½ (N-N*) = bond order 
 
i = er   (e-charge, r-separation)   Transition dipole moment - classical 
fi = < 𝜓 |𝑢 |𝜓 >             Transition dipole moment – QM 
fi = ∫ 𝜓∗�̂�𝜓 𝑑𝜏      (𝜓 − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑓, 𝜇 − 𝑑𝑖𝑝𝑜𝑙𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟, 𝜓 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑓) 
       tdm is 0 if transition is forbidden. If non-zero, then transition is allowed 
Γ → ∝ 𝜌[< 𝜓1|𝑢𝑖|𝜓2 >]  
 
𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚 

L=𝑙(𝑙 + 1)  ħ   ;   Lz = ms ħ   where 𝑙 𝜖 ℕ 
 
𝑆𝑝𝑖𝑛 𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚 
S=(s(s+1))½ ħ   ;   Sz = ms ħ    where 𝑠 𝜖 { , − } 

For 1 electron -  S = 
√

ħ ;  𝑚 = ± ħ      

For 2 electrons – S = 0, Sz = 0         singlet 

   S=√2ħ, 𝑆 =  − ħ, 0, ħ  triplet 
A = ϵcl   (ϵ-extinction coeff, c-conc, l-path length, absorption)   Beer-Lambert law 

A = -log10(T) = -log10( ) 

𝑓 = 4.3𝑥10  ∫ 𝜖(𝑣)𝑑 𝑣 ≈  4.3𝑥10  𝜖 𝛥𝑣   -   Oscillator strength 

 
Spin-orbit coupling 
𝐻 =  Ϛ 𝜇 𝜇 ;    Ϛ  𝑠𝑝𝑖𝑛 − 𝑜𝑟𝑏𝑖𝑡 𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝜇  𝑠𝑝𝑖𝑛 𝑚𝑎𝑔 𝑚𝑜𝑚𝑒𝑛𝑡, 𝜇  𝑜𝑟𝑏𝑖𝑡 𝑚𝑎𝑔 𝑚𝑜𝑚𝑒𝑛𝑡  
Ϛ  ∝  ∑      𝑍  𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑛 𝑒𝑎𝑐ℎ 𝑎𝑡 𝑛𝑢𝑐𝑙𝑒𝑢𝑠, 𝑟  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑒 𝑎𝑛𝑑 𝑛𝑢𝑐𝑙𝑒𝑢𝑠       

          So, ζSO approximately scales with ~ ZK
4. It scales very strongly with atomic size! 

 
Stat Mech 
W = 𝑁!

𝑁 ! 𝑁 ! … 𝑁 ! 

ln(𝑊) = 𝑁𝑙𝑛𝑁 − 𝑁 𝑙𝑛𝑁 ;        ln (𝑁!) ≈ 𝑁𝑙𝑛𝑁 − 𝑁 

 
Relative populations of two degenerative states 

  = 𝑒
( )

= 𝑒

( )

                            𝑘 = 0.694468; 𝑘 = 1.38𝑥10  

 


