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1. Grace Basic
• File uploading/downloading
• VNC: GaussView

2. Theory and practice 
• IR/Raman
• UV/Vis
• NMR

3. Future suggestion

Outline
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• Grace: https://hprc.tamu.edu/

• OnDemand
• Files
• Clusters: 

$ cd $SCRATCH
$ cp -r /scratch/training/QM_spectra/ ./

• Interactive Apps -> VNC

Grace Portal
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• OnDemand
• Interactive Apps -> VNC
• VNC: CPU only

Grace Portal
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• VNC: GaussView
• $ ml Gaussian/g16_C01 
• $ gv &

Grace Portal
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IR Spectra

• Frequency calculations are valid 
only at stationary points on the 
potential energy surface: must be 
performed on optimized structures.

• Must use the same method and 
basis set as produced the optimized 
geometry.

• Only fundamental transitions are 
predicted, so no overtones and 
combination bands are included. 
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IR Spectra

• Freq calculations: Energy 
derivative with respect to …

• Frequencies (Force constants): 
nuclear position & nuclear position

• Infrared intensities: nuclear position 
& electric field

• Raman intensities: nuclear position 
& electric field & electric field
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IR Spectra

• Example: CO2

• Submit Job
• Modify g16.sub (“task=“)
• $ sbatch g16.sub

• GaussView: File -> Open…
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IR Spectra

• Results -> Vibrations …
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IR Spectra
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IR Spectra

• Plots -> Properties…
• “Invert Axis”
• Half-Width: 50cm-1

11



HPRC hprc.tamu.edu | LMS lms.hprc.tamu.edu

IR Spectra
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CO2 Spectra

• IR: 669, 2324cm-1, 2360cm-1

• Raman: 1278cm-1, 1385cm-1

• Combination: 3600cm-1, 3728cm-1
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Freq

• The vibrational frequencies produced by ab initio programs are 
often multiplied by a scale factor to better match experimental 
vibrational frequencies
• calculations are approximate
• potential energy surface is not harmonic
• https://comp.chem.umn.edu/freqscale/index.html

• Isotope
• Deuterium

0 1

H(iso=2) -3.37789 0.83512 -0.00000

H(iso=2) -2.66989 0.83512 -0.00000
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UV/Vis Spectra

• ZINDO: semi-empirical

• TD-DFT: time-dependent DFT

• CIS: configuration interaction singles: same as TD-HF with TDA 
approximation

• EOM-CC (equation-of-motion coupled cluster): 
EOM-CCS, EOM-CC2, EOM-CCSD, EOM-CC3, EOM-CCSDT, …
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UV/Vis Spectra
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UV/Vis Spectra via TD-DFT

• Keyword: td

• Peak Position: Excitation energies

• Peak Height: Oscillator strength
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UV/Vis Spectra via TD-DFT

• Position:
• Height: Oscillator strength
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UV/Vis Spectra via TD-DFT

• Example: acetic acid
• File-> Open…: acetic_acid_TDDFT.out
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UV/Vis Spectra via TD-DFT
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UV/Vis Spectra via TD-DFT
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UV/Vis Spectra via TD-DFT

• Vertical transition energies: the difference 
between excited state and ground state 
energies computed on a given geometry.

• Adiabatic energies: the difference of total 
energies of the ground state and excited 
state at their respective minima.

• 0-0 energies: adiabatic energies corrected 
for zero-point vibrational energies.
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NMR Spectra
• Chemical shielding tensor

• Shielding tensor depends on gauge origin if basis set 
is not complete.

• Chemical (NMR) shifts
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NMR Spectra
1. Geometry optimization of TMS.
2. Geometry optimization of your molecule.
3. NMR calculations for both TMS and your molecule using same method/basis 

set.
4. Calculate chemical shifts.
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NMR Spectra
• NMR shifts are quite dependent on the conformer you choose. A conformer 

search and a Boltzmann weighting might be necessary!

• Solvent effect.
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NMR Spectra
• Example: Acetaldehyde (2.2ppm, 9.8ppm)
• File-> Open…: Acetaldehyde_nmr.out
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• Other Software: ORCA, GAMESS, Psi4, ADF, …

• Analysis: 
• Atomic charges
• Energy decomposition analysis
• AIM
• NBO
• ONIOM

Email: xjamesmao@tamu.edu Office: Blocker 218B Phone: 979.458.8416

Future QM Course: Suggestion
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