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Type in the name of the molecule: 
Get it’s spectrum.
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You all now know:

- What an “atomization energy” is
- What “computer spectroscopy” is

What is: cc-pV10Z ?





s,p,d                             cc-pVDZ    
s,p,d,f                           cc-pVTZ    
s,p,d,f,g                        cc-pVQZ    
s,p,d,f,g,h                     cc-pV5Z    
s,p,d,f,g,h,i                   cc-pV6Z    
s,p,d,f,g,h,i,k                cc-pV7Z    
s,p,d,f,g,h,i,k,l              cc-pV8Z    
s,p,d,f,g,h,i,k,l,m          cc-pV9Z    
s,p,d,f,g,h,i,k,l,m,n       cc-pV10Z    





GAUSSIAN: $6000+  site license
more for thermo than spectroscopy

MOLPRO can’t use k-functions (limit: cc-pV6Z)
GAMESS can’t use k-functions (limit: cc-pV6Z)
NWChem can’t use k-functions (limit: cc-pV6Z)
CFOUR can’t use k-functions (limit: cc-pV6Z)
COLUMBUS can’t use k-functions (limit: cc-pV6Z)
ORCA can’t use k-functions (limit: cc-pV6Z)
                                       .
                                       .
MRCC can’t use m-functions (limit: cc-pV8Z)

Dalton can do n-functions (cc-pV10Z), but:
 - only closed shell systems
 - only CCSD and CCSD(T), not CCSDT, CCSDT(Q), etc.

MOLCAS can do n-functions (cc-pV10Z), but:
 - only CCSD and CCSD(T), not CCSDT, CCSDT(Q), etc.



H
2
O (frozen core, 8 electrons)

 
cc-pVDZ: CCSDTQPHSO.   0.4GB,  5 hours
cc-pVTZ:  CCSDTQPH.        228GB,  7 days   
cc-pVQZ:  CCSDTQP.             47GB, 32 days  
cc-pV5Z:   CCSDTQ.             147GB, 22 days  
cc-pV6Z:   CCSDTQ.             519GB, 72 days   
cc-pV7Z:   CCSDT.                255GB,   3 days  
cc-pV8Z:   CCSDT.    2.4TB,   57GB, 15 days  
cc-pV9Z:   CCSD(T).        9 Terabytes
cc-pV10Z: Hartree-Fock   



H
2
O (frozen core, 8 electrons)

 
cc-pV9Z, CCSD(T):

- 24 trillion 2e- integrals (9 Terabytes on disk)
- equivalent to 125 atoms in C

2v
 with cc-pVDZ

- example: C
13

H
10

BrCl
2
O

2
PS (leptophos: pesticide)

- thousands of atoms if we screen integrals

cc-pV10Z:

- New atomization energy of Water: 
3.5x more precise than best empirical value.
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