Electronic Supplementary Material (ESI) for Molecular Systems Design & Engineering.
This journal is © The Royal Society of Chemistry 2017

SUPPORTING INFORMATION

Accurate Density Functional Theory (DFT) Protocol for Screening and Designing Chain Transfer and
Branching Agents for Low-Density Polyethylene (LDPE) Systems

Ivan Konstantinov*, Sean Ewart, Hayley Brown, Christopher Eddy, Jonathan Mendenhall and Sarat
Munjal

The Dow Chemical Company, Freeport, TX 77541

*jakonstantinov@dow.com

1. 1D Potential energy dihedral scans

All quantum mechanical (QM) calculations were performed using the density functional theory (DFT)
formalism as implemented in the Gaussian09 commercial software package. All relaxed potential energy
scans were done at the B3LYP/6-31+G(d,p) level of theory. For reactants, dihedral scans were initiated on
an already fully optimized geometry. If the scan revealed another minimum with close or lower electronic
energy, that particular scan point geometry was used as an initial guess in a separate full optimization. If
the new geometry was lower in electronic energy all dihedrals were again scanned for that structure. The
process was repeated until a geometry was found whose dihedral scans did not reveal lower energy
rotamers. For TSs, dihedral scans were done on an already optimized TS structure. In this particular case,
we were not looking to find the lowest energy TS but rather all possible TSs. Hence, all local minima on
the potential energy were used as initial guesses for TS optimization. For the relaxed potential energy
scans, the atoms participating in the TS bond formation/breaking were held fixed. Unless explicitly
specified, all scan consisted of 12 steps at 30°. All scanned dihedrals are highlighted in the figures below.
The structures shown are those corresponding to scan point 1.
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MMA
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1.1.4. Vinyl acetate

Dihedral 1 Dihedral 2
Scan point E (au) Notes
1 -306.4945 Min VinylAcetate Dihedral 1 Scan
2 -306.4910 05,4700
3 -306.4819
4 -306.4758 “20BAa0
5 -306.4778 -306.4800
6 -306.4817 )
B -306.4850
7 -306.4830 Y
8 -306.4817 -306.4900
9 -306.4778 oA )
10 -306.4758
-306.5000
11| -306.4813 1 2 3 4 5 6 7 8 9 10 11 12 13
12 -306.4910 .
Scan point
13 -306.4945
Scan poin’ E (au) Notes
1/-306.4945 Min VinylAcetate Dihedral 2 Scan
2 -306.4932
3 -306.4903 -306.4870
4 -306.4874 P—
5 -306.4870 -306.4890
6 -306.4883 %305.4900
7 -306.4890 o -306.4910
8 -306.4883 -306.4920
9 -306.4870 -306.4930
10 -306.4874 -396:A0 ,
11 -306.4903 2961350
1 2 3 4 5 6 7 8 9 10 11 12 13
12 -306.4932 .
Scan point
13 -306.4945




1.1.5.

r

1-Butene

2

Scan point E (au)

1
2
3
4

6
7
8
9
10
11
12
13

-157.2399
-157.2384
-157.2362
-157.2374
-157.2392
-157.2375
-157.2361
-157.2383
-157.2399
-157.2386
-157.2368
-157.2385
-157.2399

Notes
gauche min

anti min

gauche min

E (au)

-157.2355
-157.2360
-157.2365
-157.2370
-157.2375
-157.2380
-157.2385
-157.2390
-157.2395
-157.2400
-157.2405

Butene Scan

1

2

3

4 5 6 7 8
Scan point

9

10

11

12

13




1.2. Transition states
1.2.1. Ethylene addition
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1.2.2.

MMA addition
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Scan point

1.2.3. Vinyl acetate addition
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1.2.4.

1-Butene addition
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1.2.5.

Isobutene addition
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1.3. Hydrogen abstraction
1.3.1. Ethane H abstraction
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1.3.2. Cyclohexane H abstraction (36 steps of 10°)

TS axial H abstraction

TS equatorial H abstraction
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1.3.3. 2-Butanone H abstraction (36 steps of 10°)

TS H abstraction Scan 1

TS H abstraction Scan 2

TS H abstraction Scan 3
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1.3.4. Propylene H abstraction
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1.3.5.

Isobutane H abstraction
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1.3.7. Propanal H abstraction (36 steps of 10°)

propanal TS 1 scan

propanal TS 2 scan

propanal TS 3 scan
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Scan point E (au)
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