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1. Grace Basic

* File uploading/downloading
* VNC: GaussView
2. Theory and practice
* |R/Raman
s UV/Vis
* NMR
3. Future suggestion
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Grace Portal

* Grace: https://hprc.tamu.edu/ About  Portal

- T Grace Portal

e OnDemand
 Files
e (Clusters: B FASTER Portal (ACCESS)
S cd SSCRATCH
S cp -r /scratch/training/QM _ spectra//
Interactive Apps -> VNC Launch Portal (ACCESS)

FASTER Portal

ACES Portal (ACCESS)

TAMU HPRC OnDemand (Grace) Apps~ Files ¥ Jobs ¥ Clusters ¥ Interactive Apps ¥ Chatbot ¥ Dashboard ¥  Utilities ¥
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Grace Portal

O n D e m a n d This app will launch a vne job on Grace for remote visualization

Node type

* Interactive Apps -> VNC

select a GPU node for software that supports GPU usage

[ ] V N C : C P U O n Iy Number of hours (max 168)

1

Number of cores (max 48)

1

VNC (12694538) | Running Total GB Memory (max 360)
7

Created at: 2025-02-23 20:01:18 CST

Time Remaining: 59 minutes This field i

Email
Session ID: 4tbeb364-821a-44b5-a5b9-182963cBcace mel

Compression |mage Qua\ity email address must be provided if you want to receive an email when the session starts.

0 (low) to 9 (high) 0 o 9 (high)

. .
Launch VNC View Only (Share-able Link)

* The VNC session data for this session can be accessed under the data root

[J I would like to receive an email when the session starts

directory.
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Grace Portal

VNC: GaussView e

File Edit Tools Builder View Calculate Results Windows

. la+sdSBRMHe]lx x5 ¢ |
 SmlGaussian/gl6 C01 =

H@ &l #R § 3y|Carbon Tetrahedral

|| & #& v|(Default Scheme)
e Sgv&

» Builder Fragment: Carbon Tetrahedra!l

G1:M1:V1 - New

0 atoms, 0 electrons, neutral, Er[auild | Select Placement .JA
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IR Spectra

* Frequency calculations are valid
only at stationary points on the :
potential energy surface: must be Harmonic

performed on optimized structures. Oscillator _
Wavefunctions

Must use the same method and
basis set as produced the optimized v (n)=

geometry. Ne %y oo
, Q)
Of!, :27rnfu/h (1+ Y)hv,

2+ ¥)nv,

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

Freq calculations: Energy
derivative with respect to ...

Frequencies —-—

Red. masses —-

Frequencies (Force constants): Frc consts
.y A IR Inten ——

nuclear position & nuclear position

Infrared intensities: nuclear position

& electric field

Raman intensities: nuclear position Frequencies --
: : . . Red. masses —-
& electric field & electric field

Frc consts —--
IR Inten -—
Raman Activ --
Depolar (P) —--
Depolar (U) --
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PTU
©66.4883
12.8774
3.3703
32.7950




IR Spectra

1
%

Example: CO,

ile Edit Tools Builder View Calculate

i

Submit Job
* Modify g16.sub (“task=" A it
* Ssbatch gl6.sub

iri4-A

aad to Molecule Gro

*| New Molecule Group Ctri+N
A

0

i 5

Sl
’ |

% I b

{1

GaussView: File -> Open...

l Refresh
il Sav

save Temp Hies

Convert Files...

Preferences...

Exit
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IR Spectra

Results -> Vibrations ...

G1:M1:V1 - Vibrations

BEE

Summary... / Frequency Infrared I
Charge Distribution... [ 7 666.49 32.7950

PCM Solvation Cavity
Atom Properties... _ _
Bond Properties... 1375.54 0.0000
Surfaces/Contours...

NMR

666.49 32.7950

2435.93 618.7222

File
Edit
Tools

UVVis
ORD —Animate Vibration:

»

»

»
ggnlder ’ Vibronic {0 Start Animation | Save Movie... v|
View »

»

Molecule Group Table... Repeats: |End|ess v| Frames per Cycle: |48 =4 Frame Delay (msec): |20

Calculate
Results  » Scan Displacement Amplitude:
Windows » IRC/Path

Help

S e - Show Dipole Denvative Unit Vecto
lect Atom 1 é JpumizZati [~ Show D Jenva itV )

Energy Plot 1 ™ Manual Displacement:
|

[~ Show Displacement Vectors

| | |

i1 Scale frequencies? |Don't scale | [1.0000

5o View / Edit File

&) Stream Output File Close I Cancel ‘ Spectra...l Help l
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IR Spectra

_G1:M1:V1- Vibrational Spectra

IR Spectrum

(zw: zNsa o,.ot) a

J\

; S RERS A NBERL LR LR IMESSY BATRNNEARD FESSR NESED B LA AL D [LEESH RASDHN DRLSE KRS E O s ANSERS
800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600

Frequency (cm™)

— 0

[Harmonic Mode 1  Frequency (cm1) = 666.4883, D (10% esu? cm?) = 196.3009517
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IR Spectra

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

[k B3|
| Plots ~

v IR Spectrum

=% Print... Ctrl+P
|zl Save Data... Ctrl+S
oy Save Picture...  Ctrl+E

Mixture Spectra...

Close

500 :I
0
rT'l"l“l"ﬂ'r‘T"T‘r‘T'ﬁ"‘r‘l‘r‘l’"l’
600 1.

L ' |

@77 G2:M1:V1 - Vibrational Spectra - Plot Proyfemes Qh

IR Spectrum
Plot | Title | Appearance | Numbers |
— X-Axis

Units: [cm-1 ~| I Invert Axis

Origin: |0 cm®  Current |

™ Fixed Range: |0 {4000

—Y-AXis

Units: [M-1cm-1 x| [T Invert Axis

I~ Fixed Range: |! | 250

IR Peak Half-Width at Half Height: [4 cm'?
Help I

[
i [~ Hide Plot on Initial Showing

Cancel Default -| Make Default

Mol o 11

| ™

_
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IR Spectra

_ @ﬂ G1:M1:V1 - Vibrational Spectra

IR Spectrum

ol ALY 0% D 1T VY 00 ) Wl () I

LI [Pl SR S D T TR L ST iy TSI AR S o TR A S L A ST R LA

1,000 1,500 2,000
Frequency (cm™)

Harmonic Mode 1 Frequency (cm!) = 666.4883, D (10 esu? cm?) = 196.3009517
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CO, Spectra

IR: 669, 2324cm™, 2360cm’!
Raman: 1278cm 1, 1385cm?

Combination: 3600cm, 3728cm-1

% Transmittance

2
un
£
@

E
e
m
E
=]
[+ 4

=
—

o
L

=]

=,

o
1

Vibrational Spectra for CO»

: l:-.’l::l. Y"
1.724 gas phase '

| Combination band

CO, bend

CO, i.ph. sir. + CO, 0. ph. str.

*-__ Fermi resonance doublet
CO. i. ph. str. + CO; bend overtone
2 X 669 = 1338

o
-
o

1385+ 1278 = 1331
2

3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

Wavenumbers (cm-1)

Observed Raman bands: 1278 and 1385 cm!
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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/fregscale/index.html

Isotope

* Deuterium
01
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

CCSD CC3CC2TDDFT

\
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UV/Vis Spectra via TD-DFT

 Keyword: td 10000

9000 -

* Peak Position: Excitation energies 8000 1
7000—-
* Peak Height: Oscillator strength 6000 4
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UV/Vis Spectra via TD-DFT

* Position:
* Height: Oscillator strength

Excited State : Singlet-A 5.8003 ev 213.75 nm f=0.0012 <85**2>=0.000.
16 => 17 0.70462.

This state for optimization and/or second-order correction..

Copying the excited state density for this state as the l-particle RhoCI density..

=
Excited State 2: Singlet-A 7.7413 eV 160.16 nm £=0.0512 <S**2>=0.000.

15 -> 17 0.22800.
16 -> 18 0.66133.
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UV/Vis Spectra via TD-DFT

* Example' acetlc aCId @E},Tﬁﬁ;eﬁjioié6r} out (/scratch/user/xjames Q@@

* File-> Open...: acetic_acid_TDDFT.out = T = )
Charge Distribution...

PCM Solvation Cavity
Atom Properties...
Bond Properties...

File
Surfaces/Contours...

Edit
Tools
Builder
View

8 atoms, 32
E—————— B Chlculate

Windows
Help

Wl W RGN NP T NS

50 View / Edit File
£ Stream Output File
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UV/Vis Spectra via TD-DFT

G1l:M1:V1 - Electronic Spectra

UV-Vis Spectrum
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» Singlet-A
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Wavelength (nm)
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UV/Vis Spectra via TD-DFT

Adjust Half-Width at Half Height

Qﬁ G1:M1:V1 - Electronic Spectra - Piot Properties [
UV-Vis Spectrum LA G1:M1:V1 - Electronic Spectra

Plot | Title | Appearance | Numbers |
— X-Axis

Units: |nm »| [T Invert Axis

, i e |

I Fixed Range: |80 [240

UV-Vis Spectrum

- Y-Axis

<
°
o
(7

<

T 5

° o
% =& <
in %
> o
< c
A\ s
v kS

Units: [Scaleby.. »] |1 ™ Invert Axis
riqin I(‘

I~ Fixed Range: [0

UV-Vis Peak Half-Width at Half Height:

LR TR ZRRURA G, L LA 8 A A B

|0.0999999 eVor [806.554 cm'

I Hide Plot on Initial Showing 140 160 180 200 220
i | Wavelength (nm)

[Excited State 1, Singlet-A  Wavelength (nm) = 213.75, Oscillator Strength = 0.0012
Cancel Default -| Make Defaultl
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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. Ercited
LXCIC

state
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

Tiso,ref — Tiso __
T T ~ Oiso,ref — Oiso
— Ojso,ref

TMS: Tetramethylsilane
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NMR Spectra

Geometry optimization of TMS.
Geometry optimization of your molecule.

NMR calculations for both TMS and your molecule using same method/basis
set.

Calculate chemical shifts.

6 H Isotropic = 31.7906 Anisotropy = 9.3036
32.5880 YX= -1.9680 ZX= 4.5529.]
-1.6772 YY= 30.1957 72Y= -1.6772.1
4.5529 YZ= -1.9680 47= 32.5880.|
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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!

e Solvent effect.
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NMR Spectra

Example: Acetaldehyde (2.2ppm, 9.8ppm)
File-> Open...: Acetaldehyde _nmr.out

G1:M1:V1 - NMR Spectra

SCF GIAO Method

2.5 —
-

g 27
gl.s- 06
[

o

[

1 -
0.5
Q
0 - !

H4

-350 -300 -250 -200 -150 -100 -50 0
Shielding (ppm)

Element: [All ¥] Reference: [None

[

~] shielding: [0:0

4

th/user/xjames [ fimdl Gl
Summary...

Charge Distribution...
PCM Solvation Cavity...
Atom Properties...
Bond Properties...
File Surfaces/Contours..,

Edit '
Tools NMR...
Builder TR
View ORD
Calculate » Vibroni

J -1 3 £
ADrations

Results »

Windows » Molecule Group Table...

Help »

& View / Edit File
&5 Stream Output File
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Future QM Course: Suggestion

* Other Software: ORCA, GAMESS, Psi4, ADF, ...

* Analysis:
Atomic charges
Energy decomposition analysis
AlM
NBO
ONIOM

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