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Overview

e Current Research Progress
o Ground State Energies
o Excited State Reactivity
o Orbital Visualizations
o NAMD Trajectory Analysis
e Discussion regarding future plans
o Additional Experiment
o Additional Calculations
o Updating the manuscript



Ground state energies of OAA, dimethyl ester, diethyl ester

Molecule Total Energy (kcal/mol) Reference Energy
(kcal/mol)

OAA (keto) -332963.87 0

OAA (enol) -332973.51 -9.64
dm-OAAester (keto) -382244.46 0
dm-OAAester (enol) -382243.46 0.99
de-OAAester (keto) -431543.92 0
de-OAAester (enol) -431551.68 -1.77

e Enol-keto equilibrium
e The stability of each species



Orbital Visualization
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Orbital Visualization Cont.
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Orbital Visualization Cont.
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Orbital Visualization Cont.




Trajectory Analysis on Surface Hopping

1: 2(0 a.u. -- 960 a.u.)-1(960 a.u. -- 5540 a.u.)--0(5540 a.u. -- 28620 a.u.)

(
2: 2(0 a.u. -- 440 a.u.)--1(440 a.u. -- 3160 a.u.)--0(3160 a.u. -- 27120 a.u.)
3:2(0 a.u. - 1920 a.u.)--1(1920 a.u. -- 27380 a.u.)
4: 2(0 a.u. - 280 a.u.)--1(280 a.u. -- 14200 a.u.)--0(14200 a.u. -- 27640 a.u.)
5: 2(0 a.u. -- 820 a.u.)-1(820 a.u. - 15180 a.u.)--0(15180 a.u. -- 27320 a.u.)
6:2(0 a.u. - 1100 a.u.)--1(1100 a.u. -- 13940 a.u.)--0(13940 a.u. -- 27280 a.u.)
7:2(0 a.u. - 520 a.u.)-1(520 a.u. - 14440 a.u.)--0(14440 a.u. -- 27080 a.u.)
8: 2(0 a.u. -- 600 a.u.)-1(600 a.u. -- 27660 a.u.)



Trajectory Analysis on Surface Hopping Cont.

09: 2(0 a.u. -- 660 a.u.)--1
10: 2(0 a.u. -- 420 a.u.)--1
11: 2(0 a.u. -- 400 a.u.)--1
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(400 a.u. -- 20160 a.u.)--0(20160 a.u. -- 29400 a.u.)
320 a.u. -- 7200 a.u.)--0(7200 a.u. -- 27760 a.u.)
400 a.u. -- 29560 a.u.)

15:2(0 a.u. -- 400 a.u. 400 a.u. -- 29300 a.u.)

16: 2(0 a.u. -- 460 a.u. 460 a.u. -- 29380 a.u.)

17: 2(0 a.u. -- 1000 a.u.)--1(1000 a.u. -- 4720 a.u.)--0(4720 a.u. -- 47060 a.u.)
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Trajectory Analysis on Surface Hopping Cont.

19: 2(0 a.u. -- 260 a.u.)--1(260 a.u. -- 23340 a.u.)--0(23340 a.u. -- 28980 a.u.)
20: 2(0 a.u. -- 380 a.u.)--1(380 a.u. -- 25760 a.u.)--0(25760 a.u. -- 28920 a.u.)
21:2(0 a.u. -- 280 a.u.)--1(280 a.u. -- 17080 a.u.)--0(17080 a.u. -- 28340 a.u.)
22:2(0 a.u. -- 2180 a.u.)--1(2180 a.u. -- 18520 a.u.)--0(18520 a.u. -- 28320 a.u.)
23: 2(0 a.u. -- 380 a.u. 380 a.u. -- 11520 a.u.)--0(11520 a.u. -- 28120 a.u.)
24: 2(0 a.u. -- 220 a.u. 220 a.u. -- 28660 a.u.)--0(28660 a.u. -- 29120 a.u.)
26: 2(0 a.u. -- 520 a.u. 520 a.u. -- 27940 a.u.)

27:2(0 a.u. -- 300 a.u. 300 a.u. -- 11760 a.u.)--0(11760 a.u. -- 27860 a.u.)
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Trajectory Analysis on Surface Hopping Cont.

Ground State

Ratio of trajectories that reached SO = 0.75

Average S2 (a.u.) Average S1 (a.u.) Average SO (a.u.)

607 14629 28873

Avg. Time at S2 (%) | Avg. Time at S1 (%) | Avg. Time at SO (%) | Total Time (ps)

2.1 49 48 0.9



Trajectory Analysis on Surface Hopping Cont.

1st Excited State

Ratio of trajectories that did not reach SO = 0.25

Average S2 (a.u.) Average S1 (a.u.) Average End (a.u.)
634 28537

Avg. Time at S2 (%) | Avg. Time at S1 (%) | Avg. Time at SO (%) | Total Time (ps)

2.5 97 -- 0.9



Potential Energy Analysis
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OAA NAMD Trajectory Analysis

Mechanism Trajectories

Decarboxylation on the 4,5,6,7,8,9,12,20,21,22,24,2

other side 6,27
Regular Decarboxylation 1,17
Proton Transfer 3,14,15,19

Norrish Type 1 10,11,19,23

Total Number

13



Chromatograms regarding the Photolysis Experiment of OAA
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Top: the chromatogram of dark sample of OAA; bottom: the chromatogram of the photolysis
sample of OAA. There is obvious change in chemical composition before and after photolysis.



Mass-Spec regarding the Photolysis Experiment of OAA
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Top: the mass specof dark sample of OAA; bottom: the mass spec of the photolysis sample of
OAA centered at the 1.46 peak. One obvious change in chemical composition is the peak of the
exact mass 104



Movies--Norrish Type 1 Photodissociation
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https://docs.google.com/file/d/1aDgdxUdZJOLQt_CKL1AfKNumcrnJTerA/preview
https://docs.google.com/file/d/1m1fcQCHi6vVwbtrh7xxl7hTxMrYxgK5A/preview

Movie--Decarboxylations
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https://docs.google.com/file/d/15rqfU6Fqexfi2YUUmbDc5VTc-3hhRUZr/preview
https://docs.google.com/file/d/1iAbbL7apTQQYE71EpZL4OHgxVIZ1C5SS/preview

Proposed Mechanism of Gas-Phase Photolysis of OAA

Mechanism

o o o

hv
O e S il

0O 0)

a9 K hv OH

(o]
O)\)J\H/ OMH + CO,

O O h o o
A"
HOM{OH HOMOH
o 0
(0] (0]
hv (e} (0]
)K;QS(OH
HO 5 HOMOH
O O

CcO

Branching Ratio

8.70%

56.50%

17.40%

13.04%

4.35%



Future Plan

e Theory
o Rate constant of ground state keto-enol equilibrium
o T1 state of each species
o Trajectory analysis
m Overlay energies and bond length on the plot as a function of time
m Bigger sample size
m Potentially performing NAMD on different starting species

e EXxperiment
o Chromatogram with different column for better separation regarding the photolysis
of OAA
o GCMS analysis regarding the photolysis of diethyl oxaloacetate
e Manuscript
o Update everyone with my manuscript



