Simons: Problems #2: This set of problems should be discussed later in the week once you have learned how various electronic structure methods scale with size.
Let’s say that you want to carry out some ab initio calculations on 
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1. First, I want you to count the total number of contracted GTOs there will be if you use

a. A cc-VDZ basis set

b. A cc-VTZ basis set

c. A cc-p-VDZ basis set

d. A cc-p-VTZ basis set

You can assume that there are 6 d-type and 10 f-type GTOs (do you understand why there could be 6 and 10 rather than 5 and 7?).

2. Now, let’s assume, for a given molecular geometry (say near the equilibrium geometry), the following times were needed to carry out the following calculations when you use the cc-VDZ basis set:

a. 10 seconds for the evaluation of all of the needed 1- and 2- electron integrals over the GTOs,

b. 1 second for the evaluation of the SCF molecular orbitals and LCAO-MO coefficients,

c. 1000 seconds for the evaluation of the MP2 energy, and

d. 100000 seconds for the evaluation of the CCSD(T) energy. 

How long will each of the above four kinds of calculations require if you use

i. the cc-VTZ basis

ii. the cc-p-VDZ basis 

iii. the cc-p-VTZ basis

3. How long do think it would take to evaluate, at the MP2 level, the gradients of the energy (∂E/∂Xk) using the cc-p-VTZ basis set?
