
&FORCE_EVAL
  METHOD Quickstep
  &DFT
    UKS
    BASIS_SET_FILE_NAME ./GTH_BASIS_SETS
    POTENTIAL_FILE_NAME ./GTH_POTENTIALS
    WFN_RESTART_FILE_NAME x-RESTART.wfn
    &MGRID
      CUTOFF 300
    &END MGRID
    &QS
      WF_INTERPOLATION ASPC
      EXTRAPOLATION_ORDER 3
    &END QS
    &SCF
     EPS_SCF 1.E-6
     SCF_GUESS RESTART
     MAX_SCF 400
     &OT T
       PRECONDITIONER FULL_SINGLE_INVERSE
       MINIMIZER DIIS
       LINESEARCH 3PNT
     &END OT
    &END SCF
    &XC
      &XC_FUNCTIONAL PBE
      &END XC_FUNCTIONAL
    &END XC
  &PRINT
#  &TOPOLOGY_INFO
#     XYZ_INFO T
#   &END TOPOLOGY_INFO
#   &V_HARTREE_CUBE
#   FILENAME ./rut_elpot
#  &END V_HARTREE_CUBE
#  &E_DENSITY_CUBE
#   FILENAME ./rut_density
#  &END E_DENSITY_CUBE
#   &MO_CUBES
#      WRITE_CUBE T
#      NHOMO 2
#      NLUMO 1
#  &END MO_CUBES
  &END PRINT
  &END DFT
  &SUBSYS
    &CELL
      ABC 8.4 8.4 8.4
      UNIT SCALED_ANGSTROM
    &END CELL
    &COORD
 Mg 0 0 0
Mg 0.25 0.25 0
Mg 0.25 0 0.25
Mg 0 0.25 0.25
O 0.25 0 0
O 0 0.25 0
O 0 0 0.25
O 0.25 0.25 0.25
Mg 0.5 0 0

nadeskins
Sticky Note
Every section begins with &. This starts the FORCE_EVAL section. Every section also ends with "&END SECTION_NAME"
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Sticky Note
This is a keyword with the setting defined. METHOD is the keyword. Quickstep is the setting. Some keywords are only activated by adding them to the input.
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Text Box
sample cp2k input with comments
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Sticky Note
Start of DFT section.
UKS turns on spin polarization (spin up and spin down are treated separately, rather than equivalent).
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Sticky Note
This lists files for pseudopotentials and basis sets.
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Sticky Note
This is the name of the restart file to be read. If the file doesn't exist, cp2k ignores this. The restart file has the data for the wavefunction. It's very useful if you have a simulation that doesn't finish and you want to start from a previous wavefunction. 
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Sticky Note
Determines number of planewaves (up to 300 rydberg in this case)
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Sticky Note
What methods to run for the SCF convergence. Don't really need to change this unless you have a hard time converging.
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Sticky Note
SCF iteration parameters
Stop when step change is less than 1*10^-6 hartree.
Take wavefunction guess from previous wavefunction (see WFN_RESTART_FILE_NAME above).
Go a maximum of 400 SCF iterations, then stop.
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Sticky Note
Parameters for the orbital transformation method.
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Sticky Note
Use the PBE exchange-correlation (XC) functional. 
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Sticky Note
What to print. Notice everything is commented out. Typically you might want the E_DENSITY_CUBE, which gives a file with the electron density.
MO_CUBES gives files showing the electron densities for individual molecular orbitals.
Normally these are turned off because the resulting files (.cube) are very large.
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Sticky Note
Now we specify what exactly we'll model.
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Sticky Note
This specifies the simulation box size. 8.4 angstroms x 8.4 angstroms x 8.4 angstroms.
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Sticky Note
This specifies the units for atoms (under COORD). Normally you would have ANGSTROM.

SCALED_ANGSTROM means that every coordinate is divided by the lattice parameters. You have to multiply by the lattice parameters to get back the cartesian coordinates.

For example, atom 2 has cartesian coordinates of
 8.4*0.25 = 2.1
 8.4*0.25 = 2.1
 8.4*0.0 = 0.0
  or (2.1, 2.1, 0.0) in cartesian coordinates.
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Sticky Note
This contains the actual cartesian coordinates of the atoms in the simulation cell.
Typically you'd have something like
Mg 0.0 0.0 0.0
Mg 2.1 2.1 0.0
etc.
These coordinates are in reduced (scaled) format.




Mg 0.75 0.25 0
Mg 0.75 0 0.25
Mg 0.5 0.25 0.25
O 0.75 0 0
O 0.5 0.25 0
O 0.5 0 0.25
O 0.75 0.25 0.25
Mg 0 0.5 0
Mg 0.25 0.75 0
Mg 0.25 0.5 0.25
Mg 0 0.75 0.25
O 0.25 0.5 0
O 0 0.75 0
O 0 0.5 0.25
O 0.25 0.75 0.25
Mg 0.5 0.5 0
Mg 0.75 0.75 0
Mg 0.75 0.5 0.25
Mg 0.5 0.75 0.25
O 0.75 0.5 0
O 0.5 0.75 0
O 0.5 0.5 0.25
O 0.75 0.75 0.25
Mg 0 0 0.5
Mg 0.25 0.25 0.5
Mg 0.25 0 0.75
Mg 0 0.25 0.75
O 0.25 0 0.5
O 0 0.25 0.5
O 0 0 0.75
O 0.25 0.25 0.75
Mg 0.5 0 0.5
Mg 0.75 0.25 0.5
Mg 0.75 0 0.75
Mg 0.5 0.25 0.75
O 0.75 0 0.5
O 0.5 0.25 0.5
O 0.5 0 0.75
O 0.75 0.25 0.75
Mg 0 0.5 0.5
Mg 0.25 0.75 0.5
Mg 0.25 0.5 0.75
Mg 0 0.75 0.75
O 0.25 0.5 0.5
O 0 0.75 0.5
O 0 0.5 0.75
O 0.25 0.75 0.75
Mg 0.5 0.5 0.5
Mg 0.75 0.75 0.5
Mg 0.75 0.5 0.75
Mg 0.5 0.75 0.75
O 0.75 0.5 0.5
O 0.5 0.75 0.5
O 0.5 0.5 0.75
O 0.75 0.75 0.75
    &END COORD
    &KIND Mg
      BASIS_SET DZVP-GTH
      POTENTIAL GTH-PBE-q10
    &END KIND
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Sticky Note
This is where you specify the elements in the simulation. You need to specify a basis set and pseudopotential for every element. These are read from the files mentioned above (BASIS_SET_FILE_NAME).



    &KIND O
      BASIS_SET DZVP-MOLOPT-GTH
      POTENTIAL GTH-PBE-q6
    &END KIND
    &KIND H
      BASIS_SET DZVP-MOLOPT-GTH
      POTENTIAL GTH-PBE-q1
    &END KIND
    &KIND C
      BASIS_SET DZVP-MOLOPT-GTH
      POTENTIAL GTH-PBE-q4
    &END KIND
  &END SUBSYS
&END FORCE_EVAL
&GLOBAL
  PROJECT MgO-bulk
  RUN_TYPE GEO_OPT
#  RUN_TYPE ENERGY
  PRINT_LEVEL LOW
&END GLOBAL
 &MOTION
  &GEO_OPT
    MAX_ITER 200
    MAX_FORCE 0.0009725
    OPTIMIZER BFGS
  &END GEO_OPT
# &CONSTRAINT
#   &FIXED_ATOMS
#    RANGE 145 192
#   &END FIXED_ATOMS
#  &END CONSTRAINT
 &END MOTION
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Sticky Note
Name of the project. All files are named based on this.
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Sticky Note
What type of simulation to run. GEO_OPT means to optimize the geometry.
ENERGY means to simply give the energy for a given geometry (no optimization).
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Sticky Note
How to perform the geometry optimization. Run a maximum of 200 geometry optimization steps.

Stop when the maximum force is below 0.0009725 hartree/bohr.

Use the BFGS algorithm to optimize the geometry.
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Sticky Note
These lines are commented out, but you can use them to freeze atoms during the geometry optimization.




