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Part I: Ab initio calculations

S1 The use of truncated oligomer models

Ab initio studies on propagation typically employ truncated oligomer models,*® such as
shown in Figure S1. Noble and Coote® recently provided an excellent overview of the
different electronic structure techniques to obtain intrinsic rate coefficients in radical
polymerization processes, including an assessment of their accuracy and reliability. These
authors concluded that dimers, trimers or tetramers are, in general, suitable model molecules
to retrieve gas phase thermodynamic and kinetic information on important reactions such as

propagation and addition/fragmentation involving RAFT CTA species.

\

R/S
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Figure S1. Truncated oligomer model reaction for head-to-tail propagation used for the ab initio
calculation of the propagation rate coefficient (kp) in radical polymerization of a vinylic monomer. R/S:
configuration of the chiral center.

As already indicated in Figure S1, it is important to realize that a new chiral center is formed
during each propagation step. Depending on the truncated oligomer that is used as a model
compound, the rate coefficient might therefore depend on the stereochemistry. In most cases,
one is interested in a overall, stereo-aspecific rate coefficient, since these are the ones that are
used in a kinetic model. The relation between the stereo-aspecific rate coefficient and the
stereospecific rate coefficients depends on the used truncated oligomer model and is
explained in the following subsections for head-to-tail, head-to-head, tail-to-tail and tail-to-
head propagation using the dimer model (S1.1), for backbiting by a head and by a tail radical
using a trimer model (S1.2) and for propagation of a mid-chain radical using an extended

trimer+methyl model (S1.3). A similar procedure is applicable for equilibrium coefficients.



S1.1 Dimer model

$1.1.1 Head-to-tail propagation
In case of a head-to-tail propagation of a vinylic monomer using a dimer model, two
enantiomeric reactants are possible, leading to four stereoisomers as products, as shown

explicitly in Figure S2.

Figure S2. Dimer model for the propagation of a vinylic monomer.



In the case of vinyl acetate polymerization, this is shown in Figure S3.

~ 4 e

2VA(h) 3VA(h)

Figure S3. Dimer model reaction for a head-to-tail propagation.

The formation rate of 3VA(h) is the sum of the formation rate of the different stereoisomers:

Rravamy = (kpir + kpirs)[2VA(RRIIVA] + (kp'sp + kp'ss) [2VA(R)s][VA] (S1)

Because of enantiomery: i) kp "R = kh’gs and kp ng = k{,‘gR and ii) [2VA(h)r] = [2VA(h)s] =
0.5 [2VA(h)], and therefore:

VA(h
Rravam = 2(kpr + kps) % [VA] (S2)

= (kprr + kprs) [2VA(R)]IVA]
Hence, the stereo-aspecific rate coefficient k, is equal to the sum of the different

diastereomeric rate coefficients:

kit = kRt + kRt (S3)



S$1.1.2 Head-to-head propagation

For head-to-head propagation of vinyl acetate (VA) using a dimer model, 2 new chiral centers

are created upon radical addition as shown in Figure S4.

e =~
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2VA(h) 3VA(Y)

Figure S4. Dimer model reaction for a head-to-head propagation.

Using a similar reasoning as in Section (S1.1.1), the overall stereo-aspecific rate of formation
of 3VA(t) is now equal to:
Resvacey = (kpkrr + kpikrs + kjksr + kplkss ) [2VA(R)R][VA] + (S4)
(kplsss + kplssr + kplsrs + kpsrr) [2VA(R)s][VA]
Which, taking into account enantiomery simplifies to:
Rfavaw) = (kp RRR T kp Rrs T kp rRsr T kg,}}zss)[ZVA(h)][VA] (S5)
And hence, the overall stereo-aspecific rate coefficient for head-to-head propagation is:

_ Lhh hh hh hh
k;;lh = kprrr T kprrs + Kprsr + Kprss (S6)



$1.1.3 Tail-to-tail propagation

The dimer model reaction for tail-to-tail propagation is shown in Figure S5.
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Figure S5. Dimer model reaction for a tail-to-tail propagation. Note that he notation 3VAY(h) is used to
distinguish it from the conventional 3VA(h) radical as obtained from head-to-tail propagation (Figure S3).

In case of a dimer tail radical, 2VA(t) there are four possible configurations of the
stereocenters. For tail-to-tail propagation, this leads to the following expression for the overall
stereo-aspecific rate of formation of 3VAY(h):
Ry syadny = kprr [2VA@)Rr]VA] + kprs [2VA(£)Rs][VA]
(S7)
+ kpsr [2VA@®) sr][VA] + kylss [2VA(D)ss] [VA]

To further simplify this expression, the distribution of the population of the different
stereoisomers of the tail radicals has to be known. The latter will be depending on the
reactions leading to the tail radical, i.e. the head-to-head and tail-to-head propagations. In a

first approximation we assume that the majority of the tail radicals will be formed via a head-

to-head propagation, and hence:

[2VA(®)gr] 0-5(k$,7eRR + kg,}zless _ O-S(kg,’}?RR + kg,}ilzss (S8)
[2VAD]  kpker + kplkrs + Kpkse + kplkss kp"

[2VA(t)gs] _ 0-5(k£‘,7ms + kg,flleSR) _ O-S(k;’al,’bRs + k;)l,ill?SR) (S9)
[2VAD)]  kpkre + Kp'krs + Kpksr + kpkss kp"

2VA@s] | OSGMhsn + k) 0S(fhon + ke (s10)
[2VA)]  kplhpr + kplegs + kphsr + Klhss kph



[ZVA(t)ss] 0.5(k }Ili’SS + kp R RR) _ 0.5(k }}ess + kp R RR)
khh - kgh

[ZVA(t)] thRR + thRS + thSR + P,RSS

Substituting these back into equation S7 leads to:

kpirr | kpirss

kg}llms kp RSR
+ 0.5 kjps ( k’hh + PG > [VA][2VA(t)]
2 p
kpisk | Kpkes
+0.5 kjfsp o hh + g [VA][2VA(t)]
2 P
kggzss kp RRR
+ 0.5 kp ss |\ Tpenn + o [VA][2VA(t)]
P P

Which, taking into account the enantiomer pairs, further simplifies to:

thRR + kplos thRS + kpsr
R 3yadmny = <kp RR P L ;’fRs P B )[ZVA(t)][VA]
P P

and hence:
kplkrr + kp RSS it kp rRrs T kp RSR

tt _
k - kp RR kIth D,RS kIh
p p

(S11)

(S12)

(S13)

(S14)



S$1.1.4 Tail-to-head propagation

(e} O
kpth
RIS R/S T / _—
2VA(t) VA

Figure S6. Dimer model reaction for a tail-to-head propagation. Note that he notation 3VAY(t) is used to
distinguish it from the conventional 3VA(t) tail radical as obtained from head-to-head propagation
(Figure S4).

For tail-to-head propagation, the overall stereo-aspecific rate of formation of 3VAY(t) is equal

to:
Resvadcy = kp rrr [2VA()Rr][VA] + kp rrs [2VA(t)Rr][VA]

+ kyrsr [2VA()Rs]IVA] + ks [2VA(E)Rs][VA]

(S15)
+ kp srr [2VA(t)se][VA] + kp srs [2VA(D)sg][VA]
+ kp ssr [2VA(t)ss][VA] + kp sss [2VA(t)ss][VA]
Substituting equations S8 to S11 in the above expression leads to:
th th kp RRR kzi)l,ill?SS
Ry 3vad@y = 0.5 (kp,RRR + kp,RRS) o hh + o hh [2VA(t)][VA]
14 14
RRS RSR
+ 0.5 (klfosp + ks < Zhh Iihh ) [2VA(t)][VA]
(S16)

+ 0.5 (kflsnn + kflss) ( ,i,’ff;‘* ,’1,’5,’5"') [2vA®]VA]

+0.5 (klssn + sss)(,’;ﬁ,fs Z,’f,’fR)[ZVAm][VA]

10



Which, taking into account the enantiomer pairs, further simplifies to:

) pRRR+kpRSS ( ) pRRS+kpRSR

Re3vadw = ( RRR T K pRRS RsR T k pRSS khh
p
[2VA(D)][VA]
And hence:
km}l?RR + kplhss kplkrs + kplksr
ki = (kherr + kbkrs) Thp + (khrsr + khlrss) p,k+
P P

(S17)

(S18)

11



S1.2 Trimer model for 1,5 intramolecular chain transfer (backbiting)

$1.2.1 1,5 intramolecular chain transfer with a head radical (backbiting by head radical)
Since a dimer model is not sufficiently long to model backbiting reactions, a trimer model has

been used.

0]

/oS
\O \O \O
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3VA(h) 3VA(m)

Figure S7. Trimer model reaction for 1,5 intramolecular chain transfer with a ‘head’ macroradical.

The rate of overall stereo-aspecific formation of the poly(vinyl acetate) tertiary mid-chain

radical, 3VA(m), is equal to:

R svam) = kiprr [BVA(R)Rr] + ki rs [BVA(R)Rs] + ki sr [BVA(R)sg]
(S19)
+ k55 [BVA(R) 5]
The population of the different 3VA(h) stereoisomers is depending on the reaction leading to

these radicals, which is depending on the rate coefficients of head-to-tail propagation:

[3VA(h)gr] _ 0.5 ke

BVAM] K (520)
[3VA(R)gs] 0.5 kp'zs

BVAMR] K (521)
[BVA(R)sg] _ 0.5kl (S22)
EZO

[3VA(R)ss] _ 0.5 ks (S23)
BVAM] K

12



And hence, the overall stereo-aspecific rate coefficient for backbiting by a head radical is

equal to:

kht .
kl, = Z k{}b,Rilf—,’fwhere i=RS (S24)
; P
L

$1.2.2 1,5 intramolecular chain transfer (backbiting by tail)
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Figure S8. Trimer model reaction for 1,5 intramolecular chain transfer with a ‘tail’ macroradical.

Analogously as to backbiting with a head radical, the following expression for the overall

stereo-aspecific rate coefficient for backbiting by a tail radical is found:

khh B
kb, = E kb rij —,f;ﬁi’ wherei,j =R,S (S25)
l,]

13



S1.3 Extended trimer+methyl model
In order to reflect the steric effects surrounding the mid-chain radical as accurately as
possible, a more extended trimer+methyl model was used as a model reaction for mid-chain

propagation, as shown in Figure S9.

0] 0]

(@]
o 4+
M Z

3VAMe(m)

o G
) ‘

4VAMe*(h)

Figure S9. Extended trimer+methyl model reaction for tertiary radical addition using a trimer radical
extended with a methyl group. Note that there are 2 chiral centers (R/S) and 1 pseudo chiral center (r/s)
present in this reaction.

When using a trimer tertiary radical model, the rate of formation of the branched poly(vinyl
acetate) head radical, 4VAMe*(h), is equal to:
Rfavame ) = kprrr [3VAMe(m)gp][VA] + kprsr [BVAMe(m)pr][VA]

+ kprrs [BVAMe(m)ps][VA] + kypss [BVAMe(m)ps][VA]

(S26)
+ kg,lsm [BVAMe(m)sg][VA] + kg,lSSR [3VAMe(m)sg][VA]

+ k;’,’sm [3VAMe(m)ss] + kg,lSsS [3VAMe(m)s]
In order to find a stereo-aspecific rate coefficient for the reaction in Figure S9, the population
of the diastereomers of 3VAMe(m) needs to be known. This is depending on the preceding
backbiting reaction rate. In a first approximation, we can assume that the majority of tertiary
radicals will be formed by backbiting reactions from a tail radical, which in turn are formed

by a head-to-head propagation.

14



Since the monomer unit on the a-chain end has not been included in the backbiting model
reactions of the tail radical (Figure S8), the distribution between the RX and SX diastereomers
is unknown. However, in a first approximation we can assume them to be evenly distributed
and hence:

[3VAMe(m)gg] = [3VAMe(m)sg] = [3VAMe(m)gs] = [3VAMe(m)ss]

[3VAMe(m)] (S27)

4

After substitution in S26, we find the following expression for the overall stereo-aspecific rate

coefficient:

1 .
ky' = Zz(ké’fm + kyyisj) wherei,j = R,S (S28)

15



S2 Computational details

All calculations were performed using the Gaussian 09 software.'® The following standard

textbook equations where used to determine enthalpies, entropies and Gibbs free energies:!

dl S29
Hoas = E + RT? (ﬁ> + PV (529)
oT /Jy
dlng (S30)
$°ges = R+ RIng +RT (1)
gas q ar /,
G°gas = H°gas — TS°gas (S31)

Where E is the electronic energy calculated on the M06-2X/6-311+G(d,p) level of theory, P
the pressure equal to 1 atmosphere, V the volume equal to 1 L, R the universal gas constant, T
the temperature equal to 298 K and g the total molecular partition function including the
contribution due to the zero-point energy vibration at the B3LYP/6-31G(d) level of theory,
and defined as:

qi = detrotqeransQviv (S32)
where ger is the partition function for electronic motion, and formally equal to the degeneracy,
Qrot for external rotation, grans for translation. quib is the vibrational partition function including
contributions from zero-point vibrations, in the harmonic oscillator approximation in which
internal rotations are approximated as harmonic vibrations. Note that the number of optical
isomers is not included in the partition function.
Standard enthalpies and entropies of solvation were calculated using the following

thermodynamic functions:*?

0 (AsolvGo(T)) (AsolvGO(TZ)) _ (AsolvGO(T1)> (833)
T T. T
o — _T2 ~ —T2 2 1
AsolvH (T) =-T oT T TZ — T1
] Ago1yHO(T) = Mgy G°(T) (S34)
Asole (T) _ Tsolv - solv

16



Standards enthalpies, entropies and Gibbs free energies in the condensed phase were then
calculated by adding the respective standard enthalpy, entropy or Gibbs free energy of
solvation to the respective gas phase equivalent.

Subsequent application of classical transition state theory!® allows to calculate the rate

coefficient k as follows:

—AGH

) (S35)
RT

krT
k(T) = K(T) =~ (c®)™exp(

in which x(7) is the quantum tunneling correction factor, kg the Boltzmann constant (1.381 -
102® J mol? K1), h the Planck constant (6.626 - 1034 J s), c® the standard unit of
concentration (mol L) and m the molecularity of the reaction (1 for a unimolecular and 2 for
a bimolecular reaction).

For hydrogen abstraction reactions, the quantum tunneling correction factor «(7) has been
taken into account using the Eckart tunneling scheme!* at the B3LYP level of theory, since
the thermal analysis has been done at that level of theory. Eckart quantum tunneling
correction factors have proven their reliability before for reactions involving hydrogen
radicals.™> ® For other reactions, such as radical additions, tunneling contributions can be
considered to be insignificant and «(7) has been chosen equal to 1.

Calculations of the rate coefficient k(T) at two different temperatures, the activation energies

Ea and pre-exponential factors A are obtained via regression of the Arrhenius equation:

Ink(T,) — Ink(Ty)

E,=-R T (S36)
T, T,
E,
- -3 S37
In4 =Ink(T) + T (S37)

17



S$3 Thermodynamic and Kinetic values

S3.1 Thermodynamic and kinetic values of all stereospecific model reactions

in gas phase

Table S1. Standard reaction and activation enthalpy, entropy and Gibbs free energy (ArH®, ArS°, A:G°
and A*H®, A*S°, A*G®, in respectively kJ mol, J mol’ K, kJ mol™) at 298 K in the gas phase (reference

state is 1 mol LY).

reaction ArH®  ArS° ArG° ATH® ATS® AIG® k(298 K)
2VA(h) + VA — 3VA(h)rr -111.5 -180.0 -57.9 10.8 -167.1 60.6 1.5E+02
2VA(h) + VA — 3VA(h)rs -117.6 -173.2 -65.9 7.2 -153.5 53.0 3.3E+03
2VA(h) + VA — 3VA(t)rrR 915 -148.7 -47.2 13.6 -177.1 66.4 1.4E+01
2VA(h) + VA — 3VA(t)Rrs -103.6 -174.4 -51.6 10.4 -173.8 62.2 7.8E+01
2VA(h) + VA — 3VA(t)rsr -106.9 -182.1 -52.6 105 -173.9 62.3 7.4E+01
2VA(h) + VA — 3VA(trss -102.5 -167.9 -52.4 125 -172.4 639 4.0E+01
2VA(t) + VA — 3VA(tt)rr -111.2 -165.8 -61.8 20.1 -150.8 65.1 2.5E+01
2VA(t) + VA — 3VA(tt)rs -116.7 -176.2 -64.2 19.1 -1749 71.3 2.0E+00
2VA(t) + VA — 3VA(th)rrr ~ -107.7 -156.3 -61.1 27.6 -156.7 74.4 5.8E-01
2VA(t) + VA — 3VA(th)rrs -109.0 -166.4 -59.4 14.3 -169.7 649 2.6E+01
2VA(t) + VA — 3VA(th)rsr -118.9 -166.2 -69.3 7.8 -165.1 57.0 6.3E+02
2VA(t) + VA — 3VA(th)rss -118.7 -167.7 -68.7 8.2 -158.6 555 1.2E+03

3VA(h)rr — 3VA(mm) 32 310 -61 832 7.1 811 45E+00
3VA(h)rs — 3VA(m) 92 253 1.6 1003 56 98.6 6.9E-03
3VA(t)rrr — 3VA*(m)rr -29.9 -7.3 -27.7 489 -37.7 60.2 8.3E+03
3VA(t)rrs — 3VA*(m)rs -114 158 -16.1 720 7.8 69.7 2.1E+02
3VA(t)rsr — 3VA*(m)sr -145 200 -205 765 105 73.4 6.4E+01
3VA(t)rss — 3VA*(m)ss -125 73 -147 704 54 720 9.4E+01
3VAM(M)rr + VA — 4VAm*(h)rrr -106.9 -189.8 -50.3 9.7 -165.7 59.1 2.7E+02
3VAM(M)rr + VA — 4VAm*(h)rrs  -97.5 -155.5 -51.1 12.4 -165.8 61.8 9.2E+01
3VAM(m)rs + VA — 4VAm*(h)rsrk  -86.8 -181.5 -32.7 33.1 -177.3 86.0 5.4E-03
3VAM(M)rs + VA — 4VAm*(h)rss -86.8 -207.2 -25.0 26.9 -209.5 89.3  1.4E-03

18



S3.2 Thermodynamics and kinetics of all stereospecific model reactions in

vinyl acetate

Table S2. Standard reaction and activation enthalpy, entropy and Gibbs free energy (ArH®, ArS°, ArG°
and ATH°, AIS°, A*G®, in respectively kJ mol?, J molt K2, kJ mol?) at 298 K in the bulk phase (vinyl

acetate, reference state is 1 mol L),

reaction ArH®  ArS® ArG® ATH® AIS°  AIG® k (298 K)
2VA(h) + VA — 3VA(h)rr -101.2 -154.0 -55.2 20.8 -142.1 63.2 5.3E+01
2VA(h) + VA — 3VA(h)rs -110.2 -151.1 -65.1 13.9 -130.1 52.7 3.7E+03
2VA(h) + VA — 3VA(t)rrr -85.1 -126.6 -47.3 259 -151.1 71.0 2.3E+00
2VA(h) + VA — 3VA(t)Rrs -955 -149.4 -50.9 19.8 -1485 64.0 3.7E+01
2VA(h) + VA — 3VA(t)rsr -96.9 -157.0 -50.0 20.4 -149.2 64.9 2.6E+01
2VA(h) + VA — 3VA(trss -95.6 -144.9 -52.4 22.7 -146.8 66.4 1.4E+01
2VA(t) + VA — 3VA(tt)rr -102.2 -141.5 -60.1 30.0 -125.4 67.4 9.8E+00
2VA(t) + VA — 3VA(tt)rs -106.7 -152.2 -61.3 29.6 -150.7 745 5.5E-01
2VA(H) + VA — 3VA(th)rrr -99.3 -133.0 -59.7 36.0 -133.0 75.6 3.5E-01
2VA(t) + VA — 3VA(th)rrs -101.4 -141.9 -59.1 25.0 -144.8 68.2 7.1E+00
2VA(t) + VA — 3VA(th)rsr -109.6 -140.8 -67.6 16.6 -139.7 58.2 3.9E+02
2VA(t) + VA — 3VA(th)rss -110.0 -143.8 -67.1 165 -135.1 56.8 6.8E+02

3VA(h)rr — 3VA(mm) 04 274 -78 791 32 782 1.2E-01
3VA(h)rs — 3VA(m) 74 223 08 954 43 941 2.0E-04
3VA(t)rrr — 3VA*(m)rr 293  -6.4 -27.4 499 -36.3 60.7 1.4E+02
3VA(t)rrs — 3VA*(m)rs -12.1 131 -16.0 684 24 67.7 8.7E+00
3VA(t)rsr — 3VA*(m)sr -175 179 -229 681 62 66.2 1.5E+01
3VA(t)rss — 3VA*(m)ss -120 6.6 -140 678 -53 694 4.4E+00
3VAM(M)rr + VA — 4VAm*(h)rrr  -95.2 -164.4 -46.1 18.8 -141.0 60.8 1.4E+02
3VAM(M)rr + VA — 4VAm*(h)rrs  -90.3 -135.1 -50.0 21.6 -142.2 64.0 3.9E+01
3VAM(M)rs + VA — 4VAm*(h)rsr  -73.2 -157.1 -26.4 456 -151.7 90.8 7.6E-04
3VAM(M)rs + VA — 4VAm*(h)rss -68.9 -178.7 -15.7 45.6 -179.5 99.1 2.7E-05
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S3.3 Thermodynamic values of the global, stereo-aspecific model reactions

Table S3. Ab initio calculated standard reaction enthalpy (ArH°) and entropy (ArS) for the elementary
reactions shown in Figure 2 determined in the interval 298 — 333 K.

Reaction ArH® ArS°

[kJ mol?] [J molt K1)
head-to-tail propagation (p, ht) -106.4 -138.4
head-to-head propagation (p,hh) -91.3 -124.6
tail-to-tail propagation (p, tt) -100.7 -129.0
tail-to-head propagation (p,th) -106.2 -130.7
backbiting by head radical (bb,h) -8.5 -28.2
backbiting by tail radical (bb,t) -31.6 -34.3
mid-chain propagation (p,m) -87.4 -129.8
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S4 Transition state structures for backbiting

The different diastereomers for the transition state structures for backbiting by head and tail
radicals are shown in Figure S10. The values of the dihedral angles of the carbon atoms in the

six-membered rings are given in Table S4.

TS-BB, g5

Figure S10. Molecular structures of the different diastereomers of the transition states for backbiting by
head (TS-BBm) and tail (TS-BBt) radicals. The configuration of the chiral centers are shown (R/S in blue).
The carbons from the 6-membered ring are numbered from C1 to C6.
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Table S4. Dihedral angles of the carbon atoms of the six-membered ring of the transition states of
backbiting by head and tail radicals (cf. Figure S10)

structures dihedral angle (°)
C1-C2-C3-C4 C2-C3-C4-C5 C3-C4-C5-C6

TS-BBhrr 1354 -50.6 58.3
TS-BBhrs 140.1 -56.9 53.5
TS-BBtrrr 155.2 -59.3 59.1
TS-BBirrs 156.6 -59.8 57.3
TS-BBirsr 146.5 -54.2 60.5
TS-BBirss 147.5 -52.5 55.7

ideal value 180 -60 60

For backbiting by tail radicals, the dihedral angles are significantly closer to the ‘ideal’ ones,

rationalizing the lower activation energy for backbiting by tail radicals.
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Part Il: Kinetic Monte Carlo Modeling of PLP-SEC

S5 Calculation of the reaction probabilities shown in Figure 2

Table S5. Frequency and time scale at which a radical undergoes reaction, based on rate coefficients calculated using the pre-exponential factors and activation
energies shown in Table 1 in the main manuscript.

Radical type Reaction Equation Frequency Time scale
50°C[s'] 30°C[s'] 10°C[s'] 50°C[s'] 30°C[s'] 10°C][s?]
head head-to-tail propagation ko™ [M]o 7.0E+04 4.4E+04 2.6E+04 1.4E-05 2.3E-05 3.9E-05
head head-to-head propagation ko™ [M]o 1.9E+03 1.0E+03 4.8E+02 5.2E-04 9.9E-04 2.1E-03
head backbiting by head radical Kop" 1.5E+00 3.6E-01 7.1E-02 6.6E-01 2.8E+00 1.4E+01
tail tail-to-tail propagation ko [M]o 1.3E+04 7.7E+03 4.2E+03 7.7E-05 1.3E-04 2.4E-04
tail tail-to-head propagation ko™ [M]o 3.0E+02 1.3E+02 5.0E+01 3.3E-03 7.7E-03 2.0E-02
tail backbiting by tail radical Kpb* 3.1E+03 1.1E+03 3.4E+02 3.2E-04 9.0E-04 2.9E-03
mid-chain mid-chain radical k™ [M]o  2.0E+03 1.1E+03 5.5E+02 4.9E-04 9.0E-04 1.8E-03

propagation
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The total frequency at which a head radical undergoes reaction is equal to the sum of the
frequencies of head-to-tail propagation, head-to-head propagation and backbiting by a head
radical.

The total frequency at which a tail radical undergoes reaction is equal to the sum of the
frequencies of tail-to-tail propagation, tail-to-head propagation and backbiting by a tail
radical.

The probability at which an individual reaction occurs is equal to the ratio of the frequency of
the respective reaction to the total frequency of reaction for that radical type. Note that

termination reactions are not considered.
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S6 Details on the kinetic Monte Carlo modeling of PLP

Table S6. Reaction scheme used for the kinetic Monte Carlo modeling of PLP spectra.

. . A Ea k (50 °C)
Entry Reaction Equation [(LmolY) sy [kmol [(Lmol?) s ref
1 Photodissociation ppMpA h_1; RL + RY - - a -
e e e . klt
2 Chain initiation® RY+ MR, 7.4E+04 b
Ih
3 RO + M—)th 2.0E+03 b
4 Propagation® k! 1.2E+07 20.1 6.8E+03 This
pag Rin+t+ M >Ry ' ' ' work
5 kp" 4.6E+06 27.2 1.8E+02 s
Rin+ M — Rjiq¢ : ' ' work
6 ko, 5.4E+06 225 1.2E+03 s
Rit+ M > Riiqp ) ) ' work
7 Ky 1.6E+07 355 29E+01 M
th + M _’R1+1t ) ) ) work
This
8 Rim+ M —>Ri+1,h 2.9E+06 25.8 2.0E+02 work
.. d k This
9 Backbiting Ry TR, 4.2E+09 58.4 15E+00 M
Kkt This
10 Ry, R, 2.0E+10 421 31E+03 M
11 Termination® ke (b)) 3.2E+10 9.0 2.2E+09 17
ermination th + R h P P . . .
12 ke (i) 3.2E+10 9.0 2.2E+09 1
Rip+ Ry ~<—5 P+ P, : : :
13 ke (1) 3.2E+10 9.0 2.2E+09 1
th + R] t —_— P + P ) ) '
1 ki om (i) 7.5E+08 f
Ri,h+ Rl: —)P+P] '
15 ki o (i:)) 7.5E+08 f
Rie+ Rim —5 P+ P :
16 Kumim () 4.7E+06 f
Rim + Rjm ~="> P, + P, :
17 R 4 RYI 3.2E+10 9.0 22E+09 0
ee (1 i)
18 R/ 4+ Ry ke P+ P, 3.2E+10 9.0 2.2E+09 h
kPP (1)
19 R/ 4 Ry, kee WD b L b 3.2E+10 9.0 2.2E+09 h
20 RY" Ktem () 7.5E+08 h

+le —)P+P0

2: Dissociation into a benzoyl (Ro,.) and dimethoxy benzyl (Ro,..) radical; A[Ro] is calculated as a function of time using Equation (S42).

®: No propagation of Ro;;**% k't = 11 k," and k,"" = 11 k," cf. Section S7.2%2
propag p p p p

¢ Chain length dependent propagation accounted for cf. Section S7.
d: Always H-abstraction on C-X position.

¢ chain length dependent apparent termination rate coefficients are considered;? only kf"p(l,l) is reported here, taking into account a
correction with a factor 2, as indicated by Derboven et al;?* termination assumed to occur solely via disproportionation,'’ except for
termination between two initiator radicals, which occurs via recombination; no effect of radical type on termination reactivity assumed.
T Keem(1,1) = Keee (1,1)/3, Komm(L,1) = Keee (1,1)/480; cf.25
9: assumed equal to Kiee (1,1).
": assumed equal to Keeim (1,); Keeem (1,1) is reported.
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The concentration of photoinitiator radical fragments generated per pulse (A[Ro]) is calculated

for each pulse using Equation (S42) and considering typical experimental conditions, namely

a laser pulse energy of 1.5 mJ, a laser wavelength of 351 nm, an initial DMPA concentration

of 5 mmol L%, an optical path length of 0.5 cm and a sample volume of 0.2 mL; ¢ is taken

equal to 280 L mol™ cm™ and ®giss = 0.42 (cf. ref.0).

Macroradicals are assumed to terminate exclusively via disproportionation.?® The apparent

termination reactivity is assumed to be independent of the type (head or tail) of the radicals

involved and is described using a composite ki model.?” The geometric mean for the apparent

short-long termination reactivity is used:
kPP (1) = k(PP (1,1)i7%s i<i.
kPP (i,0) = kPP (1,1)i, @79 >,

k(PP (L) = [k(PP (G, DRSPP L0108

where as= 0.57, a. =0.16 and ic =20.%

(S38)
(S39)

(S40)
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S$7 Chain length dependent propagation

Chain length dependent propagation is formally accounted for via:%

In(2) (S41)

k(i) =k, |1+ Crexp(— i)

l1/2
in which i refers to the chain length (0 for an initiator-derived radical).

The recently reported values for C; and iy by Haven et al.,?2 namely C1 = 10 and iy2 = 1 have
been used in this work for all propagations involving head and tail radicals. Note that for these
values of C1 and i1 kp(i) converges after 5 propagation steps to the long chain limit; kp(i) for

the chain initiation step and the first 5 propagation steps is listed below (Table S7).

Table S7. Chain length dependence of the first 5 propagation steps.

Reaction Rate coefficient
Rie+ M = Ripp 11 k;lt/hh
Rinjg+ M > Ryppe 6kgt/hh/tt/th
Royye+ M - Rypyy 3.5kgt/hh/tt/th
Rapt+ M = Rynp 2_3k;zt/hh/tt/th
Rynje+ M > Rgpyy 1.6k2f;t/hh/tt/th
Rspe+ M = Ronye 1.3kgt/hh/tt/th
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S8 Observed rate coefficients as a function of laser pulse frequency for
the case in which backbiting by a head radical is not taken into

account (case 5)

In order to demonstrate that the observed decrease in ky,°® when shifting from case 3 to case 4
is mainly due to backbiting of tail radicals, an extra case in which only tail radicals are
allowed to undergo backbiting is considered (case 5, i.e. case 4 in which kp" = 0 s%). The
pulse frequency dependence of kp°* is shown for case 1-5 in Figure S11. The coinciding

green triangles and purple crosses illustrate that backbiting of head radicals is indeed

negligible.
7000
i |
[
~ m
H. | wer
@ 6000 |- = =N 3
— [ ]
g | e o oo ° 2
=
3
o 5000 A
&Q K X X
4000 — ] e L
10 50 100 500 1000

Laser pulse frequency )

Figure S11. lllustration of the dominance of backbiting by tail radicals. Observed propagation rate
coefficients k% calculated using Equation (2) with L1 based on the first inflection point of the PLP-SEC
traces simulated using the ab initio rate coefficients in Table 1 (main text) and the reaction scheme in
Section S6 of the Supporting Information. Case 1 (¢): chain length independent head-to-tail propagation,
Case 2 (m): chain length dependent head-to-tail propagation, Case 3 (e): chain length dependent head-to-
tail, head-to-head, tail-to-tail and tail-to-head propagation, and Case 4 (A): case 3 with additional
backbiting by head and tail radicals, and mid-chain propagation. Case 5 (x): case 4 in which ket"=0s®. T
=323 K, [VAc]o = 10.4 mol L%, [DMPAJo =5 102 mol L%, Epuse= 1.5 mJ, A = 351 nm, Npuise = 500, V = 0.2
mL, L =0.5cm.
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S9 Evaluation of the termination rate limit

As highlighted in the main text, an important consideration that has to be made when applying
Equation (2, main text), is whether a small (# << 1) or high (6/—1) fraction of the radicals
terminate during a dark period.?® This is determined by the (apparent) chain length dependent
termination kinetics and the concentration of radicals generated at the laser pulses, A[Rg].?*
The latter is determined by the laser pulse energy Epuise, photoinitiator concentration [I2],

optical path length L and sample volume V and can be calculated via:?®

Epulse/1
A[RO] = ZCDdiSSW [1 - exp(—2303£[12]L)] (842)

in which @qiss is the photodissociation quantum yield, A the laser wavelength, c the speed of
light, h the Planck constant, Na the Avogadro constant and & the molar absorptivity of the
photoinitiator.

The evolution of A[Ro] with increasing number of pulses is shown in Figure S12, considering
DMPA as photoinitiator and typical experimental conditions, namely a laser pulse energy of
1.5 mJ, a laser wavelength of 351 nm, an initial DMPA concentration of 5 mmol L, an
optical path length of 0.5 cm and a sample volume of 0.2 mL; ¢ is taken equal to 280 L mol*
cm™ and Pgiss = 0.42 (cf. ref.2%). The number of pulses is limited to 500, so that monomer
conversion is less than 5% (molar basis) for all pulse frequencies considered in Figure 5 (25 —
1000 s™). In addition to the evolution of A[Rg], the evolution of the DMPA concentration is
shown in Figure S12. A strong decrease of [DMPA] is observed, explaining the strong

decrease of A[Ro] (Equation S42).
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Figure S12. Evolution of A[Ro] and [DMPA] calculated using Equation S42 for typical experimental

conditions, namely Epuse = 1.5 mJ, 2 = 351 nm, [DMPAJo=5 mmol L, L=05cmand V=0.2 mL; ¢is

taken equal to 280 L mol* cm™ and @uiss = 0.42 (cf. ref.?0).

The strong decrease of [DMPA] and hence A[Ro] explains the overall decrease of the total

radical concentration, as demonstrated in Figure S13 for a pulse frequency of 100 s. As a

result of the overall decreasing radical concentration, the value of S decreases from 0.98 in the

beginning of the PLP experiment to 0.97 at the end of the experiment.
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Figure S13. Top: Evolution of the total radical concentration for a pulse frequency of 100 s%; T = 323 K,

[VAC]o = 10.4 mol L%, [DMPA]o =5 mmol L7, Epuse =1.5mJ, =351 nm, V=0.2 mL, L =0.5 cm, Npuise =

500. Bottom: inset of top figure focusing on the first five dark periods (left) and the last five dark periods
(right).

For a pulse frequency of 500 s, the value of S remains rather high (8 = 0.95 in the beginning
and 0.92 at the end of the experiment) which means there is only a limited shift away from the
HTRL and a shift away from the HTRL (hypothesis (i)) does not provide an adequate
explanation for the experimentally observed pulse frequency dependency of kp,°* as
determined from the first inflection point when going from lower (25-100 s) to higher (300—

500 s) pulse frequencies.
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Figure S14. Top: Evolution of the total radical concentration for a pulse frequency of 500 s%; T = 323 K,
[VAc]o = 10.4 mol L, [DMPAJ]o =5 mmol L%, Epuse = 1.5 mJ, =351 nm, V =0.2 mL, L = 0.5 cm, Npuise =
500. Bottom: inset of top figure focusing on the first five dark periods (left) and the last five dark periods.

The accuracy of using the location of the inflection point (or peak maximum) in Equation (2;
main text) under these conditions can be evaluated in silico by considering case 1 (only head-
to-tail addition, cf. main text). As shown in Figure S15, k,°® determined using the location of
the peak maximum (unfilled symbols) corresponds best with the input value of kp™ (full green
line); if the location of the inflection point is used (filled symbols), k,°* leads to an

underestimation of ca. 10%.
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Figure S15. In silico evaluation of Equation (2) using the location of the inflection point (filled diamonds)
and the location of the peak maximum (unfilled diamonds) for case 1 (only head-to-tail addition); T = 323
K, [VAc]o = 10.4 mol L, [DMPA]o =5 mmol L, Epuise = 1.5 mJ, A =351 nm, V =0.2 mL, L = 0.5 cm, Npuise
= 500.

The preference of using the location of the peak maximum of the SEC trace for the
determination of kp° is illustrated further in Figure S16 in which the log-MMD of the radical
species just before applying a new laser pulse at t = 10At (full yellow line) is shown as well as
the log-MMD of the polymer species P corrected for SEC broadening at the end of the PLP
experiment (t = 500At; full black line) for case 1 (only head-to-tail propagation) and a pulse
frequency of 500 s? (top) and 100 s (bottom). In addition, the location of L; based on the
input value of k," (Equation 1) is indicated by the dashed green line and the location of the
inflection point of the SEC broadened P log-MMD is indicated by the dotted red line. As
expected,® the location of the peak maximum of the radical log-MMD corresponds to the
input value of ko™ (dashed green line) Moreover, for both pulse frequencies, the location of
the green dashed line corresponds better with the location of the peak maximum of the SEC
trace compared to the location of its inflection point (dotted red line), thus confirming the
preference of the using the location of the peak maximum of the SEC trace for the

determination of k,°®.
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Figure S16. Log-MMD of the radical species just before applying a new pulse at t = 10At (full yellow line)
and log-MMD of the polymer species P at the end of the PLP experiment (t = 500At) corrected for SEC
broadening (full black line) for Case 1 (only head-to-tail propagation) and a pulse frequency of 500 s*
(top) and 100 s (bottom). The location of L: based on the input value of kp" (dashed green line)
corresponds better with the location of the peak maximum of the SEC trace compared to the location of
its inflection point (dotted red line). T = 323 K, [VAc]o = 10.4 mol L, [DMPA]o = 5 mmol L?, Epuse = 1.5
mJ,A=351nm,L=0.5cm,V=0.2mL.

34



S10 Effect of the degree of SEC broadening

As explained in the main text, SEC broadening is accounted for via an a posteriori correction
of the simulated log-MMD (Equation (4)). It has been stated by Drawe and Buback?® that for
an optimized SEC system the SEC broadening parameter o,b is in the range 0.01 to 0.06. In
this work, all simulations are performed with a typical intermediate value (ovb = 0.04). In
Figure S17, the effect of the degree of SEC broadening on the PLP-SEC trace simulated at 25,
100, 500 and 1000 s™ is shown. In Figure S18, the accuracy of kp°* determination using the
location of the (first) inflection point/peak maximum is illustrated. In agreement with Figure

S15, Case 1 (i.e. only head-to-tail propagation) is considered for this in silico evaluation.

S Case 4, 0,6 = 0.04
4.0 F
—— Case 4,0,6=0.06
a5 | 25!
100 st
3.0 r 500 st

3 35 4 45 5 55 6
log (M [g mol])

Figure S17. lllustration of the effect of SEC broadening on PLP-SEC traces. Model parameters: Table S6;
T =323 K, [VACc]o = 10.4 mol L, [DMPA]o = 5 mmol L?, Epuse =1.5mJ, A =351 nm, V=0.2mL, L =05
cm, Npuise = 500.
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Figure S18. In silico evaluation of Equation (2) using the location of the inflection point (filled symbols)
and the location of the peak maximum (unfilled symbols) for case 1 (only head-to-tail addition) and a SEC
broadening parameter avb = 0.04 (orange symbols; same as in Figure S15) and avb = 0.06 (blue symbols);
T =323 K, [VAc]o = 10.4 mol L*!, [DMPA]o =5 mmol L, Epuse =1.5mJ, =351 nm, V=02mL, L =0.5
cm, Npuise = 500.

From this Figure S18 it can be derived that under typical conditions for VAc PLP the
underestimation of the ko™ is even more pronounced if the SEC broadening parameter is
increased from 0.04 (orange symbols) to 0.06 (blue symbols) and L; is based on the location
of the inflection. The effect of the increased degree of SEC broadening is limited if the

location of the peak maximum is used.
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S11 Laser pulse frequency dependence of observed propagation rate

coefficients based on peak maxima
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Figure S19. Frequency dependence of the observed propagation rate coefficients kp°®, see Equation (2)
with L: based on the first peak maximum of the PLP-SEC traces simulated using the ab initio rate
coefficients in Table 1 (main text) and the reaction scheme in Section S6 of the Supporting Information.
Case 1 (¢): chain length independent head-to-tail propagation, Case 2 (m): chain length dependent head-
to-tail propagation, Case 3 (e): chain length dependent head-to-tail, head-to-head, tail-to-tail, and tail-to-
head propagation, and Case 4 (A): Case 3 with additionally backbiting by head and tail radicals, and
mid-chain propagation. A corresponding figure where k,° is based on inflection points instead of peak
maxima is shown in the main text. T = 323 K, [VAc]o = 10.4 mol L?, [DMPA]o =5 102 mol L%, Epuse= 1.5
mJ, A =351 nm, Npuise =500, V =0.2 mL, L =0.5cm.
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S$12 Laser pulse frequency dependence of observed propagation rate
coefficients in the value of the head-to-head propagation rate

coefficient is reduced by a factor 2

In Figure S20, the pulse frequency dependence of kp,°* at 323 K and based on inflection points
is shown for Case 3 (unfilled red circles) and Case 4 (unfilled green triangles), however with a
head-to-head propagation rate coefficient reduced by a factor 2 compared to the ab initio
based head-to-head propagation rate coefficient reported in Table 1 (cf. Figure 5). For Case 1
and Case 2, ko"" remains 0 L mol™* s. As a result of the reduced head-to-head propagation
rate coefficient the difference between k,°® for Case 2 (filled blue squares) and Case 3
(unfilled red circles) and Case 2 (filled blue squares) and Case 4 (unfilled green triangles) is
smaller. In addition, a less pronounced pulse frequency dependence is observed for Case 4 (a

decrease of ca. 10% instead of 15% results from 500 to 100 s2).
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Figure S20. Frequency dependence of observed propagation rate coefficients based on inflection points.
Case 1 (+) and Case 2 (m) same as in Figure 5; Case 3 (o) and Case 4 (A) same as in Figure 5, however with
ko™ reduced by a factor 2. Model parameters: Table 1 and Table S6; T = 323 K, [VAc]o = 10.4 mol L,
[DMPA]o =5 10% mol L%, Epuse = 1.5 mJ, & = 351 nm, Npuise =500, V =0.2 mL, L =0.5 cm.
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S$13 Evaluation of the average propagation rate coefficient <k,> as
defined on the polymerization rate

S13.1 Analytical derivation

Assuming a constant volume, the total propagation rate is equal to:

Ry =— % = ki [RaM] + k" [RA1IM] + ke [R M1 + K [R JM] + K [R ] [M] (S43)

Which rearranges to:
Ry = (kB + kM) [RA] + (KB + KE)R] + KA IR, + K [Rin] ) [M] (S44)
Applying the pseudo steady state approximation (PSSA) for the calculation of the
concentrations of the different radical types, according to the scheme in Figure 2 in the main
manuscript leads to the following expressions (backbiting by head radicals is ignored, cf. text
and Table 1 in the main manuscript):
k" [RR1[M] = kg [R][M] + k3 Ry ] [M] (S45)
Kkt [Rm][M] = ki [R:] (546)
Substituting Equation (S46) in Equation (S45):
kep" [Ra1IM] = ki [Re][M] + kpp[Re] (S47)
which can be rearranged to:

kp" [M]

TR R, S

[Re]
Inserting this in Equation (S46) leads to:

m (kby  KpMM]
kpt[Rm] = <Mm> [Ry] (S49)

Inserting Equation (S48) and (S49) into Equation (S44) leads to:

kp"'[M] ki, kp"[M]

R, = ((kgt + KEP) + (kb + k;h)m + WM) [R,][M] (S50)

which rearranges to:
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/ kip\ kAM \
R, = |\(kgt+kgh)+(kg+k;h+ﬂ>—p L

| [Rp1[M]
M1 e Kby | "
[M]
kht ktt klgb khh ktt klt)b khhkth
P p+m+2p p"’m"'pp
R, = i [Rn][M]
k£t4__22
[M]

By definition, the total propagation rate can also be expressed as follows:
Rp = (kp)[R][M]
Ry = (kp)([Rp] + [R¢] + [Rin D[M]

and hence:

/ kpt (kgt + %) + 2kp" (kff + %) + k{}hkf,h\

i, / [Rp][M] =
[M]

tt
ky +

(kp)([Rp] + [Re] + [RinD[M]

This leads to the following expression for the average rate coefficient:

kht ktt + @ + Zkhh ktt + k_ll;b + khhkth
ey = p \"r T M] p \"*p TM] p *p [Ry]
v it 4 Koo (Rl + [Re] + [Rpn]
p +m

Substituting Equations (S45) and (S46) into the expression above leads to:

t t
/ g (g + 72 ) + 20 (gt + 28 + k{;hk;,h\

ey = [M] [M]
14 kt
tt 4 “bb
1
khh kt khh
\ it 1 Koo k;"[MJktt+k_zb/
P M] P M]

(S51)

(S52)

(S53)

(S54)

(S55)

(S56)

(S57)
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kf kf
kpt (k;f + ﬁ) + 2kp" (kff + ﬁ) + kbl
<kp) = kt kt (858)
ki +ﬁ + kgt +kigl;kgh
ht tt klgb hhy,tt hh klgb hhp,th
ket (ki + o) + 2 (ks + k" o) + Ktk
(kp) = I Kt (S59)
bb
(k;,lh + kg) + <1 + W)W
which can also be rearranged to (Equation (5) in the main text):
t
KBTS+ ZRKES + KM [ (B + 2Kf")
(kp) = K P (S60)
(™ + 1) + 1o (1 * k_m)

Note that, in the theoretical case that kep'is equal to 0 s, this is identical to the formula earlier
derived by Monyatsi et al.}” Moreover, under PLP conditions the monomer concentration can

be replaced by the initial one.

S13.2 Comparison of <k,> and kp°bs both using the location of the inflection
point and peak maximum

In Figure 6 (main text), a comparison between <k,> (Equation (S60); lines) and kp°*

(Equation (2) using the location of the inflection points (filled symbols) and peak maxima

(unfilled symbols) is shown for case 4. In Figure S21 a comparison between <ky> and ks for

case 3 (i.e. case 4 with ko' = koo = 0 s%) is shown.

Note that for case 3 <kp> Equation (S60) is identical to the formula earlier derived by
Monyatsi et al.'” As for case 4, at low pulse frequencies, kp,°® can be used to assess <kp> in

case the location of the peak maxima are used.
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Figure S21. Comparison of <ky> (Equation (S60); full line) and ky°*s (Equation (2) based on the location of
the peak maxima (unfilled symbols) and the location of the inflection points (filled symbols)) for case 3;
the corresponding figure for case 4 is shown in the main text; T = 323 K, [Vac]o = 10.4 mol L, [DMPA]o =
510° mol L, Epuise= 1.5 mJ, & =351 nm, Npuse =500, V =0.2 mL, L = 0.5 cm.
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S$14 Comparison of simulated and experimental data at 323 K

A comparison between inflection point based ky°* data simulated with the full kinetic model
(Case 4; Table 1 in the main text) and experimental data reported in the recent IUPAC
contribution of Barner-Kowollik et al.®! is made in Figure S22. Note that in the current study,
DMPA is selected as the photoinitiator, see Table S6. Hence, only experimental data
corresponding to DMPA-based PLP experiments are considered in Figure S22 (black
symbols). These data originate from the recent work of Monyatsi et al.l” Note that the
experimental error indicated in Figure S22 (10%) is a lower bound of the experimental
uncertainty.®? 3 The IUPAC recommended value of k, at 323 K is also indicated in Figure
S22 (full black line). Although a slight underestimation of the experimental data is observed,

a good description of the evolution of k,°® with pulse frequency is observed.

—Barner-Kowollik etal. [31] ® Exp[17] A Sim(Case4)

8000 l
- 6000 |- ; N N
k-
£ 4000 |-
=
= 2000 |

0 1 1 1 ]
100 200 300 400 500

Laser pulse frequency [s]

Figure S22. Comparison of inflection point based k,°* data obtained via experiment'’ and simulation
(Case 4; Table 1 in the main text). T = 323 K, [DMPA]Jo = 5 10° mol L, Epuse = 3.7 mJ. The sample
volume and optical path length are unknown and set equal to to V = 0.2 mL and L = 0.52 cm. Number of
pulses simulated as reported in the Supporting Information of the work of Monyatsi et al. 1’
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S$15 Observed propagation rates coefficient based on inflection

points at lower temperatures
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Figure S23. Observed propagation rate coefficients determined from the location of the inflection points of
PLP-SEC traces simulated using the ab initio rate coefficients in Table 1 (main text) at 303 K (top; [VACc]o
=10.7 mol L?) and 283 K (bottom; [VAc]o = 11.0 mol L™%); other conditions: [DMPAJo =5 mmol L, Epuse
=15mJ,A=351nm,V=02mL,L=05cm, Npuise = 500.
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S$16 Observed propagation rates coefficient based on peak maxima at

lower temperatures
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Figure S24. Observed propagation rate coefficients determined from the location of the peak maxima of
PLP-SEC traces simulated using the ab initio rate coefficients in Table 1 (main text) at 303 K (top; [VACc]o
=10.7 mol L?) and 283 K (bottom; [VAc]o = 11.0 mol L™%); other conditions: [DMPAJo =5 mmol L, Epuse
=15mJ, A=351nm,V =0.2 mL, L =0.5 cm, Npuise = 500.
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S$17 Pulse frequency dependence of the activation energy of the

observed propagation rate coefficient

Monyatsi et al.l” have reported a pulse frequency dependence for the (apparent) activation
energy of kp°®, with this activation energy determined via regression of the Arrhenius
equation to ko data at 500 s being higher than the activation energy determined via
regression to 100 s data. As demonstrated in Figure S25, such an increase is also observed
via kinetic Monte Carlo simulations using the ab initio based rate coefficients reported in
Table 1. The activation energy determined from 500 s* data in the temperature range 283 —
323 K is equal to 19.0 kJ mol?, while the activation energy determined from 100 s* data is

equal to 17.3 kJ mol™.

100s-1 @ 500s-1

9 -
o b 141573
g5 | ltl(kp )=-2281.76 T' +15.73
..
%‘ § 1 "e..
e
75 F
7 1 1 |
0.0030 0.0032 0.0034 0.0036
T [K]

Figure S25. Arrhenius fit to simulated ky,°* data at 100 s (dashed yellow line) and 500 s data (dashed red
line); kp® is calculated using the location of the first inflection point; model parameters: Table 1 and
Table S6; T = 283 - 323 K, [VAc]o = 10.4 (323 K) - 11.0 mol L (283 K), [DMPA]o =5 10 mol L, Epuise =
1.5mJ, A =351 nm, Npuise = 500, V=0.2mL,L=05cm.
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S18 Profiles of macroradical concentrations and molar fractions as a
function of time simulated using the ab initio rate coefficients (Case 4)

under the conditions of the current work

In Figure S26 the radical concentration profiles of head, tail, and mid-chain macroradicals
simulated using the ab initio rate coefficients corresponding to Case 4 (Table 1; main text)
under the conditions corresponding to Figure 5 (main text) are shown for the first five dark
periods. The concentrations of head, tail and mid-chain macroradicals averaged over the first
five dark periods are listed in Table S8, as well as the corresponding molar fractions, also see

Figure S27.

Table S8. Average radical concentrations during the first five dark periods and the corresponding
fractions determined from the simulated radical concentration traces in Figure S26, i.e. simulated using
the ab initio rate coefficients corresponding to Case 4 (Table 1; main text) under the conditions
corresponding to Figure 5 (main text), namely: T = 323 K, [VAc]o = 10.4 mol L*, [DMPA]o = 5 mmol L7,
Epuse =1.5mJ, A =351 nm,V=02mL, L=0.5cm.

v [Rl,h] [Rz,t] [Rl,m] Xh Xt Xm
) (molL*)  (molL?)  (molL?) ) ) )

25 25107 29108 43108 0.77 0.09 0.14
100 5.6 1077 6.510°% 9.4108 0.78 0.09 0.13
500 1.310° 1.5107 1.9107 0.80 0.09 0.11
1000 1.910° 2.1107 2.3107 0.81 0.09 0.10
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Figure S26. Radical concentration traces simulated using the ab initio based rate coefficients
corresponding to Case 4 (Table 1; main text) focusing on the first five dark periods and a pulse frequency
of 25, 100, 500 and 1000 s. Model parameters: Table S6; T = 323 K, [VAc]o = 10.4 mol L™, [DMPA]o =5

mmol L, Epuse =1.5mJ, A =351 nm,V =0.2mL, L=0.5cm.
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Figure S27. Profiles of macroradical fraction as a function of time simulated for Case 4 focusing on the
first five dark periods and a pulse frequency of 25, 100, 500 and 1000 s. Model parameters: Table S6; T =
323 K, [VACc]o =10.4 mol L, [DMPAJo =5 mmol L, Epuise =1.5mJ, A =351 nm,V=0.2mL, L =0.5cm.
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$19 Profiles of macroradical concentrations and fractions as a
function of time simulated using the ab initio rate coefficients (Case 4)

under typical PLP-EPR conditions

In Figure S28, the radical concentration profiles of head, tail, and mid-chain macroradicals
simulated using the ab initio rate coefficients corresponding to Case 4 (Table 1; main text)
under typical conditions of the EPR study of Kattner and Buback,?® namely T =333 K, v =25

st and [dicumyl peroxide] = 9 102 mol L%, are shown for the first five dark periods.
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Figure S28. Radical concentration traces simulated using the ab initio rate coefficients corresponding to
Case 4 (Table 1; main text) under typical conditions considered in the work of Kattner and Buback?,
namely T =333 K, v=25 st and [DCP] =9 102 mol L™%. In contrast to all other simulations in this work, in
which DMPA is the photoinitiator, a constant A[Ro] = 3.2 10 mol L? is considered here, with both

h
initiator radical fragments leading to chain initiation (Entry 1 in Table S6 is replaced by DCP = 2R)).

A constant A[Ro] is considered in the simulation here for simplicity, with both initiator radical
fragments having the same reactivity toward chain initiation, in contrast to all other
simulations in the current work, in which DMPA is the photoinitiator and in which A[Rq] is
explicitly calculated for each pulse using Equation (S42) in agreement with earlier work.'® 20

A[Ro] is taken equal to 3.2 10 mol L%, the initial concentration of head radicals observed via
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EPR. Note that this value slightly underestimates A[Ro], as this value does not take into
account the fraction of initiator radicals which terminate before undergoing chain initiation.
The simulated concentration of head, tail, and mid-chain macroradicals averaged over the first
five dark periods is equal to 4.0 107 mol L%, 4.5 10® mol L and 7.7 10® mol L, which
corresponds to a fraction of 0.765, 0.087 and 0.148, also see Figure S29 for the profiles of
macroradical fractions. The simulated average concentration of head radicals is close to the
experimentally determined concentration of 5 107 mol L. The slight underestimation can be
attributed to the underestimation of A[Ro], as explained previously. The concentration of tail
radicals and MCRs are in line with the ones obtained via simulation at the same pulse
frequency (25 s™) and under the conditions of the current work (T = 323 K, [DMPA]o =5 103

mol L, Epuse = 1.5mJ, A =351 nm, V =0.2 mL, L = 0.5 cm; see Figure S26).
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Figure S29. Profiles of macroradical fraction as a function of time simulated using the ab initio rate
coefficients corresponding to Case 4 (Table 1; main text) under typical conditions considered in the work
of Kattner and Buback?, namely T = 333 K, v =25 s and [DCP] = 9 102 mol L%, In contrast to all other
simulations in this work, in which DMPA is the photoinitiator, a constant A[R¢] = 3.2 10“ mol L is
considered here, with both initiator radical fragments leading to chain initiation (Entry 1 in Table S6 is

h
replaced by DCP = 2R)).
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Part Ill; Cartesian coordinates of the calculated structures

S$21 Cartesian coordinates of all minimum energy conformations
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3.164592
-0.961503
-2.382813
-0.777948
0.704825
-1.398512
-3.582464
-2.885209
-3.490921
-0.699349
3.356543
2.538074
4.100643
-0.997801

2VA-t-RR

Q
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-2.722119
-2.319963
-2.839549
-1.286328
-0.760964
0.739300
1.447877
-1.484260
1.263790
2.382011
2.967125
2.789157

.170838
.372987
.828020
.297886
.472856
473711
.483887
.280599
.310368
.350638
.390472
.293194

.726350
.468737
.386444
.436686
.875392
.759549
.215506
.085935
.169352
467319
.430126
.071146
.592430
.822871
.676194
.554786
.888417
.506265
.428422
.782018
.751589
.063073
.478837
.468094
.744068

.005844
.781651
.407417
.146832
.034983
.045425
.222437
.266662
.188572
.706076
.205699
.979288

.000004
.000041
.000079
.000724
.882292
.881755
.000124
.000029
.000093
.000462
.000112
.000053

.589370
.200164
.117593
.272554
.323253
.673848
.044052
.011348
.090108
.092970
.644599
.215588
.029695
.813425
.542439
.883829
.586424
.261431
.087823
.357189
.209659
.634164
.927412
.064747
.230872

.688165
.100963
.129238
.503471
.150434
.141686
.427910
.384515
.468128
.092746
.028564
.613554

-3
-1
-2
0
1
-2
-1
-1
2
1
3
3
-0
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2VA-t
-2
-2
-1
-0
-0
-2
0
1
1
2
1
0
-3
-2
-1
0
2
0
0
-0
0
2
3
2
-1
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.565201
.878540
.996598
.915351
.168854
.551909
.097569
.356686
.375154
.970839
.004129
.674224
.928586

-RS

.552402
.081685
.148810
.490126
.006387
.448910
.637207
.630758
.572995
.665709
.319121
.759812
.474534
.701079
774323
.181508
.340377
.705659
.486844
.853313
.776886
.482011
.637381
.679149
.215945

3VA-ht-RR

c -2
c -1
o -0
0
1

Q
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2
0
1
2.
3
4
0

.396762
.736866
.393825
.379982
.685778
.328732
.519075
.234649
650375
.537060
.954231
.732321

-2.

-2
-1

DN WD DN

-2
-1

493637

.700372
.722718
0.
.611288
.191993
.178328
.351481
.561304
.705865
.769783
.394997
.930663

970601

.739295
.389498
.121666
.340546
.029548
.171403
.984065
.170845
.173609
.848222
.178592
.746300
.009131
. 745813
.472847
.381477
.410822
.397579
.974278
.241843
.850289
.708450
.399199
.913592
.959079

.931555
.896973
.013099
.941507
.670144
.750957
.476721
.440819
.408723
.681963
.605619
.908656

-0.
-0.
.709579
.217756
1.
-0.
0.
-1.
-0.
.586425
1.666716
0.
1.225906

-1
-1

0

197935
758438

402904
159869
081718
469248
018788

130801

.374581
.102319
. 745967
.332429
.599105
.111286
.671289
.002748
.166267
.629363
.231700
.858117
.141883
.457829
.134464
.465357
.955705
.137160
.348634
.258299
.887718
.700289
.402323
.397150
.203397

.725264
.368350
.463852
.772954
.487260
.684246
.208136
.212652
.557297
.431275
.088405
.261476
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.630235
.684083
.918151
.116031
.923244
.221845
.340282
.750025
.629206
.132727
.054750
.226592
.329877
.489153
.486042
.158704
.091622
.649822
.190502
.765564
.428795
.855719
.721463
.850528
.927252

3VA-ht-RS

Q
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.851724
.17123472
.771685
.421537
.091859
.088581
.438895
.642661
.967531
.327461
.127280
.232294
.640656
.001196
.439717
.576142
.913100
.202314
.678883
.073234
.560147
.138300
.973185
.797048
.436170
.036349
.145428
.666616
.061084
.939275
.887624
.886665
.968960
.747834

-2.
.832432
-1.
-1.
.269062
-0.

2.
.383261
.901658
.074519
.439943
.208757
.6459009
.715079
.093971
.396139
.312494
.836820
.469862
.265967
.513615
.032278
.857290
.205073
.472788

-1

-1

N
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1

084272

551888
503401

945640
477651

.232684
.247967
.698399
.608811
.242761
.245567
.930929
.996635
.665199
.266701
.585808
.7122633
.360709
.283711
.123253
.375912
.619381
.412805
.592605
.479278
.750743
.531922
.005848
.965377
.379405
.635374
.524405
.132949
.761896
.999286
.470283
-0.
-1.
-1.

719294
882487
837754

-1

1

-0

0
-1
-0

-1.
2.
3.

.871594

-1.
0.

.131619

.600121

-1.

2

1
-2

-1

.306499
.545840
.006115
.186931
.087801
.571422
1.651242
2.479487
2.
0
-2

020879

.811760
.164806
0.
.372401
-0.
-1.
-0.
-0.

0.
-1.
-1.

0.

1.
-1.
-1.
.711060

344394

227677
397979
480528
913226
718929
542590
298685
329169
364492
985856
343670

.635024
.504489
.806148
.164162
-0.
.023237
-0.
-0.
-0.
0.
.269778
1.328009
0.378934
2.
-1.003705
.500619
0.
-1.
0.
-0.
0.
.206103
.483741
.301127

041126

239913
095500
442400
540690

707575

639414
530138
917113
781824
480549

242161
754063
479301

010950
737790

632383

.491785

H

-2.

699076

H -2.453037
H -1.117905

3VA-hh-RRR
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.049914
.395709
.047483
.176891
.592288
.885893
.112260
.352482
.802495
.624143
.587928
. 952550
.207120
.051073
.219043
.622815
.111569
.891318
.534139
.962514
.356942
.996586
.228784
.318734
.703289
.817979
.299397
.010067
.311972
.482508
.992272
.412876
.373295
.650496
.276740
.359454
.264504

3VA-hh-RRS
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.958141
.969265
.501352
.258809
.081790
.663289
.431755
.694490
.630504
.477421
.156622
.474374
.527037
.192760
.072986
.781120
.883873

-3
-2
-2

-2.
.359557
-0.

0.

0.
.729077
.105999
.843005
.629126
.219827
.244731
.534606
.772798
.364524
-0.
.515247
.394326
.290984
.295260

-1

-0

-1
-1
-2
-3

-2.
.324516
.448274
.190172
.635530
.061230
.503371
.664094
.117378
.530396
.816180
.063381
-2.

-3

WNhNODONO N

=

-0

-1.
.216394

-1

-1.
.792036

-1

1.
.790356
0.
.309828
.351659
-1.
-0.
.533220
.029683
-0.
.416975
0.
1.

0

-0

-1

-1

-1

-2

2
2

.355851
.083473
.563508

828819

811916
633458
977144

635863

940987

068128

.362726

648679

033251

827799

910781

898996

828243

046657

041537
051908

.144203
.365882
-0.
-1.

699584
871691

0
3
2

-1

-0.

0.
-0.
.210322
0.
.038300
.084424
.928528
.619522
.022481
.304683
.122485
.391012
.020125
.555686
.880733

0

.295733
.541101
.472703

.975900
.940759
.255213
.384098
.837952
.850973
.376086
.991481
.085808
.439629
.380101
.596597
.065892
.280019
.751181
.198999
.426572
.775061
.834860
.069792
.050434
.635176
.486726
.095860
.952427
.799945
.362520
.418835
.647914
.222486
.602897
.229210
.682280
.492340
.337022
.215066
.677400

.508345

415387
666721
785986

036351

S7
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.401719
776977
.005116
.033383
.317490
.472630
.148658
.021896
.109826
0.593645
.357061
-3.641532
-4.575994
2.202226
-2.082212
-3.026667
-2.994936
0.470345
-0.538361
-1.404275
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3VA-hh-RSR

-2.511963
-2.638331
-3.007686
-2.236926
-2.174628
-0.766127
0.343882
.103066
.185162
.498759
.267311
. 745787
.725377
.048916
.661259
.996982
.226906
3.913930
.211342
-1.491254
-2.679801
0.312700
-0.692123
-4.254140
-3.234656
-3.143240
-0.613547
-1.320936
0.084656
0.191161
2.349826
4.376915
3.271679
4.675532
1
1
2

Q

(@)
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.910627
.505262
.815183
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3VA-hh-RSS

.008794
.531433
.365587
.363596
.174507
.624539
.982478
.228095
.841625
.443134
.769730
.929577
.537922
.890940
.998024
.084192
.535351
.585658
.260942
.586424

.005113
.005830
.269440
.226560
.283440
.883774
.844631
.115293
.240605
.875657
.299023
.467394
.375826
.186310
.232004
.332748
.838749
.404486
.827073
.405138
.539307
.135880
.642738
.830057
.125861
.711013
.395996
.908491
.210941
.842344
.823590
.688862
.220283
.222952
.010962
.128616
.044479

.138085
.350274
.452528
.495110
.825783
.836632
.176179
. 747109
.986305
.913519
.102171
.019710
.654502
.193949
.192762
.031855
.652500
.388760
.517323
.532252

.747701
.625293
.500444
.027127
.028393
.075203
.086844
.316363
.276398
.291459
.338824
.139711
.181009
.013390
.082662
.321749
.596768
.808301
.584872
.726794
.721234
. 740445
. 713783
.274782
.379647
.346364
.034087
.603582
.434894
.689771
.945161
.754232
.457390
.045135
.796144
.266169
.306404
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.436310
.149326
.375513
.558184
116717
.678025
.285259
.185154
.094742
.240340
.076484
.740447
.531976
.820183
.338622
.984917
.263012
.503140
.242527
.528682
.689116
.014231
.325591
.086167
.758961
.111877
.659171
.306901
.382466
.061516
.146872
.524376
.514484
.951469
.058685
.781942
.520046

3VA-th-RRR
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-4.
.585721
.789541
.328370
-1.
-0.
.201384
.066827
1.
.328328
.778728
.017119
.224257
.811384
.424680
.769583
.218526
.010598
.169510
.195069
707723
.799782

-2
-1
=2

0
1

005171

041777
123178

169493

-1.
.571110

-0

-1.

0.
.308813
.779120
.662468
.408331
.658201
.937173
.454141
.140589
.035140
.057574
.827053
.252903
.621932
.326630
.901390
.686234
.402243
.261533
.241837
.068718
.992891
.163907
.557497
.566679
.363081

1
1

-2

-3.
.573636
.346111
.370709
.203138
1.
2.
.238783

0
-1
-1
-2

2

4

-1
=2

-1

171155

110255
644685

637462

419876
963077

.720013
.613761
.529342
.355777
.079508
.652652
.105206
.376182
.154078
.723890
.898758
.976998
2.
.183037
-0.
-0.
-0.
.263474
.714131
-0.
.543937
0.

961043

979363

992170

600107

955139

901352

-1
-1

1

N O O
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-1
=2

-1
0

.859128
.506141
.557052
.631263
.585393
.359293
.057478
.908828
.448445
.721342
.886574
.078176
.469305
.049851
.595785
.034861
.595379
.505183
.770940
.194322
.592955
.035957
.290552
.058682
. 786505
.052703
.413116
.926202
-2.
.250096
.390612
0.
.599348
0.
.929682
.848894
.016442

437697

123210

151175

.451955
.057021
.087673
.478419
.102934

0.
-1.
.006978
.271005
.365190
.240701
.445779
.341043
.823127
.643905
.660649
.831207
.569644
-0.
.211418
.369693
0.

120543
174218

868925

646812
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. 737991
.965064
.390358
.833434
.733739
.553087
.359341
.157755
.568363
.503906
.354177
.859814
.660309
.962444
.367622

3VA-th-RRS
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-4.
-3.
-2.
-1.
-2.
-4.
-0.

0.
.996465
.438275
.119249
.312687
.218154
.285365
.542560
.532618
.427354
.062879
.654942
.135142
. 744465
.306363
.809518
.037548
.316549
.882441
.363984
.634869
.271521
.794402
.028014
.088246
.047374
.589038
.536346
.357208
. 751595
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660907
885366
636873
773758
018004
306447
330502
074331

3VA-th-RSR

Q
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.554049
.895176
.601862
.832760
.048270
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.576131
.147039
.947485
.663338
.380443
.391769
.984980
.045608
.028309
.708595
.441012
.219772
.003140
.944804
.828514

.818008
.433420
.018503
.403143
.877528
.482419
.079603
.884628
.861309
.479195
.394262
.718312
.267834
.516296
.225624
.169714
.158919
.050007
.162648
.607407
.042891
.353236
.681782
.016559
.232650
.480264
.001744
.474868
.880012
.494917
.199803
.179725
.794051
.866903
.142977
.597969
.831544

.475660
. 422497
.244934
.751535
.121856

.842832
.042565
.884231
.124382
.673035
.045441
.750360
.956650
.358605
.878107
.518451
.197178
.210086
.980231
.548621

.193659
.044743
.284243
.806019
.107345
.179608
.415221
. 720979
.505750
.807257
.055042
.411845
.639991
.264968
.884161
.655475
.588345
.469936
.907066
. 740695
.865112
.258972
. 744374
.476686
.869027
.204601
. 935251
.547219
.192942
.626650
.683772
.175262
.269671
.839485
.312691
.636046
.175853

.009203
.149280
.522048
.204469
.426961
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.430791
.380384
.442388
.331019
.222585
.192233
.280619
.841434
.028625
.658844
.436208
.408988
.420133
.585563
.533058
.007686
.050589
.613583
. 717135
.487861
.108784
.755726
.706982
.080963
.586627
.17944¢6
.501758
.087253
.934308
.829226
.543462
.318945

3VA-th-RSS
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2.
.661588
.530024
.017674
.942754
.212741
.061512
.136017
773379
.573399
.088908
.762476
.698991
.587569
.398003
.170951
.188938
.727354
.622201
.743466
.035227
.032066
.818819
.298447
.805533
.085450
.508762
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847081

.187525
.252318
.211867
.948280
.755758
.116368
.557086
.516971
.879402
.370254
.930501
.917810
.841060
.615571
.168161
.421662
.220765
.100654
.128649
.884749
.384341
.856011
.045569
.127095
.634901
.758726
.721972
737111
.030596
.837561
.088785
.791288

.554335
.141087
.560315
.201799
.601052
.426541
.965294
.409689
.599054
.034687
.550192
.557668
.684259
.817692
.322864
.701189
.827403
.702142
.485134
.664878
.762033
.052873
.807170
.746393
.395736
.828239
.183856

.748902
.139608
.848442
.123695
.031033
.802442
.914915
.431282
.595465
.307480
.466173
.085223
.051257
.684570
.059948
.935780
.900060
.815757
.470189
.121017
.382444
.225325
.949295
.295651
.496476
.242178
.134539
.580040
.505123
.526102
.533478
.816236

.050734
217727
.345987
.695425
.459386
.579808
.236165
.221556
.590599
. 722997
.300586
.877898
.714337
.999418
.708691
.261324
.264032
.815888
.573244
.434571
.784146
.367785
.894934
.478782
.374266
.275056
.858909
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.270739
.932274
.153358
.222964
.982851
.220111
.323318
.066429
.161221
.278862
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jasjasiaviiasiiasiiacilasiiasiiasiiasiiariasiiaciiasiia il ila il s OO NOHONONONONONONONONONONONO RO NG

.798706
.394992
.875615
.402484
.880475
.408547
.189677
.304252
.062409
.590710
.056063
.593844
. 739591
.218798
.822138
.823743
.493536
.014293
.611906
.943598
.117129
.075064
.638868
. 729164
.277916
.859146
. 723663
. 799998
.342069
.847511
.899692
.909786
.824702
.447244
.934159
.805902
.337574

3VA-tt-RS

Q

[CHONONONONONONONS!

-4.
-3.
.295208
.706792
-1.
.292802
-0.
.164943
2.
2.

-3
-2

-0

1

654921

495117

516020

057032

478296
770829

.906929
.695047
.793410
.389136
.530887
.340456
.445182
.581466
.705756
.441466

.488481
.038972
.243082
.737887
.616880
.483081
.026700
.155304
.147110
.663480
.560231
.824843
.535815
. 785758
.064349
.318222
.416056
. 756834
.704085
.137464
.698601
.203016
. 749708
.644381
.526263
.137857
.921470
.175601
.377920
.685195
.957294
.546758
.158970
.203434
.221473
.817918
.466072

.213920
.140976
.236429
.944221
.785440
.601503
.724980
.493041
.375533
.122881

-0.
-0.
-1.

1.
-1.
-1.
.279667

0.
-1.
-0.

-2

P OO MNMDNDOO

(@]

-0
-1

-0

-1

148707
986877
931256
700858
009890
226638

785801
596891
121092

.578557
. 712715
.487728
.164133
.130702
.561899
.001553
.389579
.581813
.403241
.533561
.731701
.990996
.417409
.764762
.720199
-0.
-0.
-1.
.794685
0.
-0.
2.
.539385
.057665
.003615
.131305
.339872
.020745
.708520
.907885
.485498
.136531
.437532
.636670
.328168
.441770

712789
373838
272197

447710
135351
693639

.857601
.043526
.521531
.244152
.060548
.147045
.860428
.792106
-1.
-0.

104222
608284

jania sl iiias el siifa siiias s siia sias s e s ia rias e jla s ils il s O N O N OO NONONONS!

3.804595
3.953723
-1.430199
-0.481523
-0.105579
0.455230
-0.515224
4.465781
-5.344447
-5.172368
-4.282991
0.579418
-0.955920
-0.515726
-2.286076
-1.432058
0.088614
-1.597783
-0.299335
-0.003370
-1.631805
4.733700
3.001680
4.222436
3.020602
0.986271
1.214644

3VAMe-m-RR

Q

jusiasiaviasiiasiia s sia e siiaciia sl i ONONONONONONONONONONONONONONONONONQ]

1.279635
1.511658
2.499548
0.435800
0.482634
1.669411
2.290024
3.453911
-0.816300
-1.930057
-2.399049
-2.835584
-3.222717
1.279215
1.028685
1.526541
0.044501
-3.106442
-2.889753
2.033386
1.359763
0.275441
1.367082
2.480148
-1.214205
-0.629239
0.277182
-0.967251
0.073975
2.622549
-1.523493
-2.780617

ONRFP P ORFRRFP O

o

-1

-2

R P O WwiN

O PR OORRPLNRERE

.013359
.456554
.997786
.616866
.780331
.843898
.959870
.920963
.629142
-1.
-0.
-0.
.851585
-1.
-2.
-2.
.659849
3.
781711
.857269
.127434
.541696
.837827
.061317
.199621
.590389
.337113

102914
448375
465957

954688
011125
934433

093315

.761750
.912922
.367592
.421277
.254121
.613561
.582601
.195246
.517186
.473662
.680333
.394167
.008729
.615458
.063999
.595759
.207161
.634165
.519929
.329630
.698622
.099642
.289165
.345980
.497356
.562752
.899118
.820256
725377
.281160
.538431
.475951

OO OO

-0

-0

N

|
N wWONORFr OO

-3

.291378
.692226
.979525
.614874
.027263
.046699
.871086
.678247
.912127
.484529
.861111
.791107
.475181
.581092
.661001
.413854
.306484
-0.
-1.
.521161

1.

1.

1.
-0.
-0.
.387754
.491733

764475
928180

648395
449621
075951
181298
655998

.648016
.167852
.639101
.472758
.904275
.557255
.817184
.589065
.592266
.359107
.002272
.688921
.097205
. 649860
.606802
.610411
.582626
.316426
.234268
.194760
.902269
.920671
.561135
.686497
.293024
.671841
.231524
.415674
.542481
.175764
-1.

425988

.350571
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jusiitasiiasiia siiia i asjia via s

-3.537737
-3.883086
-3.881995
-2.321569
-3.714032
4.239497
3.885331
3.124293

3VAMe-m-RS

C

jusiasiitasiiasiiasila sl siasiasiia s i s e s ila sia sl e siia sl as i s il s OO NGO NONONONONONCOHONONONO NGO NONCONONQ)

4VAMe-mt-RRR

C
C
)
)
C

C
C
C
C

-1.435328
-0.771101
-0.076251
-1.064745
-0.450059
1.036707
1.724985
1.767855
-1.377125
-2.035170
-2.890271
-2.285629
-3.305951
3.081414
3.763589
3.320484
5.144868
-2.922916
-1.088615
-1.326456
-2.493766
-0.966119
1.268301
1.488853
-2.178406
-0.827556
5.710390
5.073964
5.666838
1.258818
-1.255307
-3.705930
-2.323873
-3.402497
-3.891837
-4.005303
-2.795576
0.754925
2.239819
2.326240

-1.227329
-1.227451
-1.586719
-0.810661
-0.704528
-2.088304
-3.342743
-4.612938

0.271626

.638509
.101528
.864249
.264022
.851311
.448309
.032184
.565428

.658329
.403248
.317654
.347184
.107977
.019766
.049388
.548959
.043049
.590865
. 713846
.911574
.981647
.083439
.206890
.098138
.184731
.411754
.087600
.451534
.475447
.970282
.671913
.009585
.260666
.868371
.326933
.073843
.109762
.940532
.967033
.792591
.255784
.058386
.699646
.088398
.928556
. 744195
.197634
.488577

.061570
.486267
.570655
.465690
.606539
.923872
.392856
.705585
.738903

RN, OORNRE O

.238633
.088060
.090180
.657596
.585001
.746552
.030913
.566326

.527889
.017692
.967455
.836860
.629578
.804036
.172344
.611422
.857816
.430286
.078110
.110362
.422674
.344047
.018183
.671806
.634095
.151187
.031807
.212425
. 736195
.467792
.826036
.694544
.546057
.323270
.254857
.720966
.386953
.130781
.098201
.486145
.506536
.015364
.303536
.413242
.601319
.975388
.255223
.673474

.835505
.387370
.977665
.600785
.849869
.485741
.783616
.569605
.252264

jusiiyaniyaviiyasiia s e siia it iia siia e s e sl sl a vl a siia s e s i siia v a siia s e s Ja s s e ria s i OO N O NONONONONONONONONONONONONG!

1.771789
1.964996
3.126917
3.150786
-0.223976
0.787109
1.987843
2.973087
2.812890
4.236974
-3.254265
-3.490491
-3.802370
-3.291447
2.538369
4.023409
-1.417775
-2.018021
-0.272859
0.700326
-1.119908
-2.066960
-2.214917
0.167550
4.024475
4.802550
4.833835
-0.080003
0.160424
-3.774947
-2.219962
-3.691305
-3.423335
2.174951
2.392613
2.183298
3.607489
2.457360
2.864228
4.168397
-4.721146
-5.492363
-4.589677

4VAMe-mT-RRS

Q

[CHONONONONONONONONONONONONONG]

-1.666175
-1.153984
-0.959549
-0.941623
-0.449034

0.959255

2.138208

2.079438
-1.407760
-2.894997
-3.086645
-4.151406
-4.218644
-0.462075
-0.063647

1.252103

-1
-1

-0

o

O P NDNNRE

.592464
.472194
-0.
.732035
.804040
.473052
.802235
.332507
.545554
.552812
.055163
.588139
.945632
.085499
.809022
.586159
.930147
.317834
.598105
.632807
.433734
.552715
.009255
.711896
.824624
.614013
.326732
.666385
.866031
.527345
.308393
.521378
.815797
.686554
.915066
.724372
.694097
.405118
.30584¢6
.879539
.787350
.339719
.233334

923007

.952861
.040764
.381534
.798361
.683567
.973771
.108208
.282709
.437355
.267872
.115274
.377049
.850196
.487227
.818840
.168220

-2

-1.
.321479
2.

-1

2
2

-1.
-1.
.558023

-0
-1
1

-0

.993325
.446883
.862861
.359255
.322716
.464214
.047604
.246660
.934024
.029747
.639631
.583906
.563890
.558316
.512664
.113875
.467188
.983216
.101461
.599011
.388959
.519556
.538937
.342546
.066439
.023493
.543766
.793064
.337802
.317464
.492962
.474640
.216621
-1.
.593676

451082

026355

867324

.566774
.727511

703454
030471

.388128
.295159
.852448
.790078
.038504
.603132
.372700
.342546
.227509
0.
0.
.322504
-0.
-0.
-0.
-0.

906489
475729

653240
992136
472328
661969
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4VAMe-mT-RSR

[ONCHONOCHONONONONONONOINONONOINONONONONONONONONS]

1.728450
1.051343
3.153619
3.299549
4.383441
4.471332
5.472179
-3.781618
-4.930103
-1.910437
-0.901031
-2.549508
-0.647617
-1.478999
1.200818
0.905663
0.188952
3.174682
3.739795
3.583988
-1.305037
-1.065724
5.754587
5.107294
6.339894
2.307607
-3.201018
-3.505930
-3.668723
-4.831958
-3.288273
-4.333890
-5.063180
1.245371
3.007105
1.952808

0.009380
-0.541494
-1.592369

0.301521

0.048084

1.197491

2.680189

3.105124
-1.273445
-2.615148
-2.987456
-3.603210
-3.923059

0.101336
-0.230754

0.728716

0.391439
-0.722313

1.583412

3.130451

3.666497

3.782386

4.077731

.316164
.001484
.563798
.324330
.536860
.358874
.927421
.538601
.533909
.926165
.073174
.518171
.443379
.543917
.143845
.875576
.215833
.911173
.641540
.335480
.280179
.456936
.974122
.836317
.283220
.175914
.911469
.113653
.579723
.369157
.175574
.435333
.034967
.165480
.335653
.2277622

.736079
.336223
.954158
.582671
.162028
.793236
.082777
.537731
.006794
.709928
.649145
.426588
.787745
.368392
.075866
.924150
.238007
.671560
.030106
.389016
.843687
.414269
.411446

P PR OOOOOoOoOoOo

.065199
.664199
.478703
.491648
.328358
.486837
.301957
.119039
.711434
.961139
.162791
.866118
.188329
.393059
.278071
.219046
.830213
.518875
.430875
161172
.914325
.761079
.149093
.330266
.156432
.912253
.077949
.955345
.440047
.867553
.130308
.265236
.317875
.039935
.921631
.802582

.873228
.708195
.178770
.027705
.329628
.300248
.991036
.824059
.140738
.438220
.835256
.085947
.482608
.015090
.942240
.432078
.199875
.386269
.268558
.209932
.063114
.002306
.400370

jusianiia sl iiias s siilasiifasiias s ol vl asiia s jia olita sl s e s it a it s vl s jia i a sl aslias e sl il s BN O M@

-3.739660
-3.825677
-0.730068
0.260365
0.930285
-1.145555
-0.612641
1.115415
0.993034
1.104815
2.055863
2.326028
1.241043
-1.365595
-1.120338
3.181999
4.549257
4.757082
3.233317
-2.534082
-3.881660
-3.502200
-4.677488
-3.018960
-4.229535
-4.706535
2.716859
4.198351
2.735391

4VAMe-mT-RSS

C

asppesppariiac il O NONONONONONONONONONOINOINOINONONONONOINONONONONONQ]

-1.454930
-1.583751
-2.334463
-0.744819
-0.509335
0.800572
2.122136
2.267213
-1.605062
-3.084252
-3.780174
-3.699846
-4.498356
-0.377578
0.076194
1.414043
1.902339
1.221650
3.352929
3.126324
4.305558
4.592825
5.215422
-3.840500
-3.066086
-2.228631
-1.541346
-0.468505
-0.569471
-1.348117

.644873
.079892
.356759
.167283
.707396
.529733
.829457
.279835
.298286
.515287
.508530
.398044
.822609
.916533
.191074
. 765675
.647336
.251191
.644667
.728201
.607088
.670949
.358045
.404098
.717589
.254488
.966615
.600480
.138683

.197470
.692283
.022636
.229355
.805703
.845667
.181827
.596280
.262170
.311857
.847184
.004178
.093765
.049171
.447573
.691080
.961853
.865549
.031599
.009680
.445145
.059746
.360203
.515841
.140631
.578327
.664032
.459314
.301453
.071909

.872337
.228113
.380449
.100689
.465992
.293448
.700766
.498719
.254218
.431322
.598779
.759630
.937585
.745700
.854833
.922555
.023814
.246564
.826806
.645068
.958813
.577942
.386882
.426182
.529432
.116811
.100270
.810063
.661270

.263040
.154201
.830526
.200133
.110330
.931733
.225363
.322982
.061374
.621203
.178339
.486556
.163789
.191520
.970456
.184035
.978275
.554393
.376796
.278694
.944041
171115
.148834
.167998
.540150
.930656
.277052
.661545
.824966
.688320
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ja=jiyasiiya s viita s asjia siita o i as jia siia ol as it a e il as i a siia s lita o i as i a e s as

N>R P WWwWwo oo

.928925
.655775
.318670
.429823
.904453
.785396
.508400
.339562
.398836
.738591
.159900
.344184
.171240
.855516
.360728
.873369
.108538
.543976
.434670
.570330
.284692
.065574

0

-0

-1.
-2.
-1.
.272395
2.
.009616
. 764292
. 741988
.342115

3

.142469
.556387
-0.
3.
2.
3.
-0.
0.
-1.
.227083
0.
-0.
.260157

461048
028079
162125
957958
772385
785276
361530

102099
452668

490085
447178
521990

786663

O ORFRPOFNODONOORERDNDN

.386645
. 754265
.868643
.470910
.007442
.995766
.028161
.234834
.552068
.940400
.860116
.553352
.462711
.263392
.856177
.807148
.171494
.268324
.575488
.147841
.699569
.453118
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S22 Cartesian coordinates and

transition

TS3VA-ht-RR

C -2.416693 1
C -1.751974 1
O -0.421049 2
C 0.350274 2
C 1.595217 2
0O -2.330208 1
C 0.623203 0
C 1.422248 -0
O 2.769722 -0
C 3.649231 -0
C 5.049853 -0.
C 0.5430406 -2
C -0.724432 -2
O -1.768074 -1.
C -2.972587 -1.
O -3.168033 -1.
C -3.963844 -1
O 3.321450 -1.
H -3.355920 2
H -1.771965 2
H -2.662551 0
H 1.263353 -0
H 1.139828 O
H 2.189827 2
H 2.219735 2
H 1.321629 3
H -0.350505 0
H 5.384315 O
H 5.076204 -1
H 5.722232 -1
H -0.267414 2
H 0.720494 -2.
H 1.329185 -2.
H -1.002404 -2
H -3.788058 -1.
H -3.843479 -0.
H -4.976228 -1.

.883694
.900866
.117645
.101510
.934120
. 716998
.639573
.162145
.257964
. 753465
764283
.285309
.234975
949927
581917
506650
.244140
118885
.440341
.300489
.844699
.029572
.640154
.508856
.969937
.957915
.165934
.260120
.305282
.235762
.563681
338233
638716
.298279
830067
180971
406165

Imaginary Frequency:

TS3VA

c 4.

[ONCONONONONONONONONONS]
|
=

-ht-RS

420925
.884805
.097876
.432196
.310876
.437955
.651909
.931377
.165416
.076414
.062689
.677679

.128866
.113175
.799669
.738705
.317197
.889202
. 745235
.954592
.841608
.098429
.251990
.897544

3781

-1
-0

.762499
.407946
.504233
.733188
.467821
.646313
.145473
.162458
.517642
.403851
.156800
.216810
.265725
.600646
.059977
.133039
.139307
.510143
.706797
.537947
.010634
.902166
.113105
.346812
.366983
.194415
.306001
.354699
.108076
.560618
.509066
.286461
.440169
.310087
.044074
.379521
.764464

.264271
.292624
-0.
-0.
-0.
-0.
.002941
.350090
.450389
.902649
.001328
.905519

941112
177207
677244
169521

state

jusiiasiiasiiasiiiasiiaciila o iiasiiiaciifc s ilailasifc il s s HO HONONONONO]

jusiiasiias

| I
N W

.972443
.094042
.171870
.023045
.737293
.235422
.774630
.342240
.488748
.027126
.356892
.048084
.818899
.428075
.112012
.111740
.080568
.879075
.803678
.715979
.620548
.264074
.437900
.051148
.321522

.407808
.390733
.010048
.328191
.760669
.171381
.396817
.266583
.476237
.599361
.353732
.246208
.307907
.024083
.033510
.482719
.236608
.153352
.859751
.659337
.846679
.655402
.201907
. 777551
.152899

Imaginary Frequency:

TS3VA-hh-RRR

C

jasgpasiasiiasiiasiia il s O NONONONONONONONONONONONONONONONQ]

-1.

-2

-2.
-2.
-3.

=2
-1

(@]

S NN PO OO

841266
.371678
119436
418879
8322717
.922571
.350078
.073836
.711468
.305868
.209370
.391220
.359156
.324420
.094937
.599082
.082155
.926956
.269488
.749853
.070608
.861686
.544910
.558669
.067164

-0
0

-0.

0.
.295366
.386298
.396157
.144666
.750234
.940810
.068633
.756978
.938780
.413439
.514633
.660613
.486679
.100542
.160401
.226875
.405276
.323710
.109103
.108888
.103876

-0

.336084
.309285

470257
100600

-0.

2

-0.

360

imaginary frequencies of all

structure

153461
.264649
710529
.418914
.676129
.654239
.275290
.052668
.806626
.229738
.499224
.704684
.924260
.047781
.459928
.259098
. 734693
.137948
.832474
.206170
.478699
.814918
.359060
.265894
.259524

i

.747054
.489361
.404261
.900224
.312177
.432490
.880330
.462785
.080679
.621106
.792133
.856201
.074503
.546844
.072855
.856760
.662640
.698313
.618960
.770405
.766288
.189283
.840883
.601584
.305438
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ju=iiyasiiyavia siitas i as e siita sl as e sia sl as
|
O OO B BN

.938568
.468191
.557518
.376617
.135783
.354129
.519318
.237103
.561869
.163749
.980380
. 733496

-1.385493
-1.469814
2.574857
3.417170
3.650132
1.185267
-0.048619
0.190346
-1.439898
-1.243566
-3.554448
-3.236043

Imaginary Frequency:

TS3VA-
.900770
.877552
.257026
.330322
.146928
.785506
.347007
.577204
.617970
.528591
.305177
.453122
.536566
.284077
.179798
.671829
.872609
.556855
.673815
. 925885
.065694
.272726
.576006
.250080
.172490
.366938
.839687
.667726
.631882
.246576
.157866
.316030
.199934
.092214
.515700
.161645
.675013

(@)
N

T I D DI DD DI DD IDID D DD D000 0000000000Q0N
w

hh-RRS

1.897299
0.882179
1.077108
-0.290052
-1.332364
-1.977675
-0.999112
-1.655614
-1.108374
-0.110601
-2.319149
0.289174
1.074008
2.090052
2.345761
-0.542824
-1.917062
2.804012
2.640591
2.397315
1.422157
-0.193470
-2.696273
-1.815345
-3.134459
-2.751206
-2.561936
-2.986890
-1.607404
-1.745517
-0.854876
3.769638
2.934016
2.189308
0.722941
-1.066614
-0.783800

Imaginary Frequency:

TS3VA-hh-RSR

C -2.
Cc -2.
o -2.
o -2.

728330
728017
853481
526179

-1.935113
-1.015413
-1.379934

0.270583

-1.344335
-2.068180
1.089734
0.075907
-0.210423
-0.798229
1.561038
-0.185310
0.426142
0.700898
-1.208304
-0.544147

5151

-1.516012
-0.402225
0.732591
-0.822953
0.172458
-0.094016
-0.198803
-0.214285
-0.905749
-1.586416
0.078033
1.623375
1.205280
0.328005
-0.098279
2.684790
-0.691037
-0.037379
-1.313404
-1.533747
-2.486030
-0.921441
0.708686
0.302199
0.798412
-0.926785
-1.028444
-0.789415
-1.410136
0.324961
1.154340
-0.484064
0.837083
-0.769649
1.404789
3.138278
3.018231

5001

-1.773551
-0.577120

0.573779
-0.956566

jasianiiyaviiya o siia s e it il siifa sia s e siia s ria o e sl il O HONONONONONONONONONONONO NS

.359561
.914204
.122142
.043135
.324943
.683514
.405482
.138823
.884347
.069587
.653283
.197079
.067334
.820758
.325058
.694873
.099470
.298151
LTT77740
.414722
.302163
.292840
777798
.014682
.404930
.562744
.515375
.227883
.114249
.617930
.950018
.594573
.736857

.274144
.807324
.729034
.005997
.343497
.924605
.356930
.686340
.503489
.142154
.277392
.470235
.972517
.429032
.821635
.251874
.431354
.119512
.516665
.940293
.148046
.806218
.361162
.115158
.323336
.943143
.779174
.769618
176126
.305955
.078432
.092200
.451384

Imaginary Frequency:

TS3VA-hh-RSS

C

asppespgariiasiia il O NONONONONONONONONONONONONONONO NG

.940420
.836814
.832540
.701972
.444834
.050572
.032388
.133528
.444097
.602342
.560367
.991284
.691885
.317610
.353089
.803113
.563927
.903363
.51019¢6
.925035
.392911
.111745
.834018
.529125

.690190
.015497
.596502
.327779
.116099
.757488
.767380
.216848
.498577
.829367
.144267
.816878
.918836
.139253
.315012
.075519
.3832091
.055733
.615920
.943919
.034586
.378300
.287346
. 648583

4711

NP OOOORrEFE OOOo

3

1

2
1

1.

0

0

0

0

1

O OoONDND B

.084184
.007985
.075485
.253559
.217180
.216135
.143411
.111395
.126103
.067003
.122475
.226776
.559115
.859139
.551400
.958745
.668632
.804844
.835359
.065285
0.
1.
0.
2.
.371033
2.
1.

607725
136289
929382
663170

610224
044316

.812215
0.
0.
0.
.162004
.220355

479984
121270
881799

918463

.572620
0.
.714276
0.
.338371
0.
1.
.636314
.518563
.613573
.040378
.776458
0.
1.
0.
1.

492022

481477

033128
012356

183524
014133
458537
844120

.224225
.818899
.245970
.665544
.976825
.276558
.732174
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juniiyasiiya e siita siifasiia siias i as i sia s as e s

3.390573
3.606328
1.063168
0.342571
-1.414069
-0.718868
2.447704
-4.285995
-3.103350
-4.692051
-2.060419
-1.363910
-1.983903

2.778253
2.786417
2.505741
-2.309391
-2.049298
-3.414294
0.431179
-0.494606
-1.717881
-1.660653
1.599523
3.844098
3.299479

Imaginary Frequency:

TS3VA-th-RRR

C

jasjasiasiiasiiasiasiiasiasiiiasiiaciicriasiaciiaciia il il il s OO NONO RO NONONONONONONONONONO RO NG

-4.054768
-2.688901
-1.949054
-2.408665
-1.160162
-0.152491
0.103290
1.147927
0.934813
-1.501180
-0.662965
0.267819
1.465649
-0.391510
2.445075
2.765103
4.162710
2.004973
-4.252719
-4.105019
-4.821086
0.776109
0.909851
-2.175441
-0.588484
-1.983447
-0.774047
-1.084758
-0.975807
0.373341
-0.732999
4.840484
.517014
.138143
.547660
.663839
.028628

O P O D >

-1.577882
-1.466125
-2.402508
-0.176365

0.121664

0.737926
-0.041965
-2.015269
-2.722332

1.021978

2.071861

3.016995

2.832677

4.321946
-1.536988
-1.081955
-0.518990
-1.102280
-2.618651
-0.952251
-1.214222

0.902354
0.338673
0.501548
1.281607
1.942727
0.367213
4.644761
4.186236
5.082825
-0.818178
-1.130091
-0.448775

0.486650
-2.152716
-2.739160
-3.193259

Imaginary Frequency:

TS3VA-th-RRS

C
C
)

4.754763
3.952486
2.712596

-0.844501
-0.461517
-0.046090

-1.491115
0.272954
0.462491

-2.452016

-2.448573

-1.524782

-1.331003
2.080036
1.575992
0.774153

-1.100645

-0.166536
1.504200

4781

0.555438
0.082292
0.304693
0.373714
1.059645
0.087728
-1.166840
-0.769137
-1.914824

2.240215
-0.287404
-0.551354
-0.490684
-0.937235
-0.553325

0.689489

0.702465

1.632913
-0.813692
-1.452481

0.137055

0.635625
-1.786815

2.927090

2.787314

1.902418
-1.718579
-0.154033
-1.853601
-1.096611

1.412710

0.101125
1.731728
0.265377
0.120441
2.717699
2.068656

4781
1.150552

-0.071281
0.285081

jusiyaniiyasia s iia s jitas i il e s jia s lia s o siia siifasiia s e s ia s e il s O HO NGO NONONONONONONONONO RO NGO NG

.821855
.025237
.349174
.387407
.032019
.856821
.289993
.263376
.911551
.548169
.342176
.540111
.912770
.222988
.884860
. 743494
.24129¢6
.849971
.264075
.706018
.033361
.297313
.904710
.413475
.525599
.199322
.527632
.075547
.861276
.955313
.200597
.805717
.473326
.241909

.364230
.847824
.513028
.023339
.768624
.820807
.460504
.469877
.988054
.347391
.273395
.109979
.348097
.170004
.364222
.186796
.635489
.015899
.225971
.771828
.009896
.201361
.435238
.169431
.359764
.948750
.511332
.220796
.802904
.352120
.171090
.376025
.877093
.922245

Imaginary Frequency:

TS3VA-th-RSR

asppespgariiac il O HONONONONONONONONONONONONONONO NGNS

-4

-3.
-2.
.884659
.061824
.498655
.430221
.393894
.189792
.062863
.309533
.844630
.160800
.083891
.650199
.721891
.211521
.257096
.616874
.522633
.034374
.083962
.432227

.575813

939330
637864

.501696
.455357
.274863
.707953
.081865
.146735
.170325
.127885
.954128
.791934
.152644
.912995
.630910
.646882
.048837
.219583
.979936
.399111
.640353
.189210
.449565
.115098
.147724

4531

.785343
.070912
.214991
.368993
.775334
.547099
.841240
.005862
.478142
.591707
.291589
.839398
.495912
.556995
.541858
.843483
.706870
.821075
.212031
.939300
.462945
.806961
.155960
.824268
.614819
176429
.665693
.674585
.326881
.362848
.828178
.364870
.333912
.363397

.056336
171276
.509832
.249629
.386639
717971
242224
.959217
.231528
.129759
.929615
.869374
.464699
.693108
.194322
.229069
.981371
.167137
.763115
.104453
.971084
.793037
.011289
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jusiiyasiyaniiiasiia s iiias i asjia siia i as s siia s as

-1.683395
-1.527363
-3.123341
-0.783108

1.578796

2.985318
.319077
.267012
.012078
.582352
.282723
.095861
.530330
.695897

P RPN WwNDDN

P O WNDNDEDNDDNDDND

(@)

.093139
.842415
.345917
.985871
.993621
.229457
.723347
.715999
.284562
.417249
-0.
-1.
-3.
-4.

077916
121616
478236
008382

Imaginary Frequency:

TS3VA-th-RSS

C

jasjgasiasiiasiiasiiasilasiasiasiiasiicriiasjlacilasic il iasila il s OO NGO NONONONONONONONONONONONO RO NG

2.679681
1.580315
0.440107
2.022185
1.029197
0.268641
-0.889030
-2.430672
-1.938457

1.772134

1.181929

1.719054

1.486092

2.643961
-2.454586
-3.113393
-2.961014
-3.699643

2.406737

3.632103

2.793827
-0.065361
-0.733447

2.508009

1.066298
2.290063
1.529183
3.022589
3.480804
2.113783
0.302762
-3.656960
-1.932522
-3.139310
-3.146896
-1.395081
-1.989380

-2.
-2.
-2.
.235610
-0.
.450765
.000075
.532577
.608872
.201800
.540699
.611056
.832467
.801780
.317173
.738885
.972130
.659744
.391833
.620843
.658092
.027705
.936963
.566860
.217160
.044943
.279381
.881590
.684517
.718266
.445555
737211
.341927
.740689
.605645
.484754
.594442

-1

486519
121791
536606

664538

Imaginary Frequency:

TS3VA-tt-RR
4.125920 -2.401221 -0.474402
3.617258 -0.993363 -0.680210

C
C

1.412836
-0.189655
0.387103
-0.421058
-2.087839
-1.313446
-0.621491
-1.273926
2.757027
2.448985
2.359558
-1.564110
-2.264233
-0.485083

4581

-1.308670
-0.345104
-0.391177
0.579837
1.469837
0.716553
1.487283
-0.074909
-0.752237
2.713134
0.426987
-0.814293
-1.713954
-0.917226
-0.758627
-0.184211
-1.032229
0.871166
-1.852606
-0.789018
-2.017272
-0.235303
2.014123
2.461877
3.437587
3.179760
1.989684
-1.936726
-0.220444
-0.639817
1.712243
-0.685766
-0.941220
-2.086235
0.734736
-1.682544
-0.304490

4981

[usiuyaiyasiasiias el siia o sia s ias i siasiasiia e s iasiia i s OO NONONONONONONONONONONONONONG)

.017848
.635076
.020058
.576713
.462438
.842256
.396939
.852359
.286247
.707924
.839461
.146633
.774063
.709552
.585209
.301970
.927362
.311378
.494385
.118081
.617290
.810431
.317873
.999826
.823461
.804317
.060718
.529366
.966151
.087777
.849071
.483018
.457772
.935971
.612765

-0
-0

0

-0

-1.

-0
-1
-0

1

O ONWWORIN

|
o N O

.216816
.707226
0.
.393920
0.
.255353

604008

030498

058850

.504248
.359014
.575051
1.
1.

631803
642761

.819489
1.
.093163
.559478
.604806
.119107
.523616
.371851
.815136
.769342
.594393
.310974
.955695
.392666
.892909
.906139
.874913
.260514
.016453
.150348
.139045
.821732
-0.

039536

673881

Imaginary Frequency:

TS3VA-tt-RS

jusppeipa il O NONONONONONONONONONONONONONONONONP!

-4
-3
-3
=2

-0

.726022
.543148
.228758
.883797
-1.
-0.
.322245
.683625
.695710
.917745
.832072
.906768
.752067
.487629
.031200
.488326
.292616
.455464
.305643
.354275
.373662
.428014

697031
441997

.071123
.325426
.408288
.832251
.783170
.770234
.918154
.546510
.335728
.058988
.106203
.5552091
.978649
.444341
.579738
.615773
.773814
.809016
.988484
.727249
.258972
.715875

P OO, MNMMNMNDOOO-R

o

-1

3411

-0.
-0.
.432958
.234486
.067902
.161485
.784062
.971194
.097727
.621700
.395182
.791070
.008779
.634907
.054009
.042688
.935798
0.
.025559
.510901

-1
-0

-1.
0.

.518203
.211634
.116232
.639122
.080920
.490684
.553535
.372698
.618263
.830646
.884868

0.
-0.
-1.
-0.
-0.
.185187
-0.
.549354
.007956
.817297
.401921
.895674
.919148
.354613
761735
.206841
.210890
.941359
.588783
.218238
.561153
.602406
.416358
.463473

442596
743196
670481
735764
492582

616588

917611
012071

876961

900961
823237
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jusiiyasiiyasiiianiasiiaviia siias i asia lita sl as e siia s as

PP w s DN

.002429
.856543
.626728
.818301
.066088
.359377
.059664
.293335
.715473
.656282
.924824
.168407
.324181
.185357
.595884

-1.
.006926
.902532
.918965
.882029
.015831
.551243
.624689
.152140
.677682
.885926
.170318
.102000
.709998
.519242

-2

942620

Imaginary Frequency:

TS-BB3VA-ht-RR

C

jasjgasigasiasiasiasilasiasjlasiiasiasiias s silasiias i jasiic il O HONOHONONONONONONONONONONONONO NG

-4.
-3.
.284751
-1.
.106572
.276342
.057571
.294096
.028665
.740221
.434565
.653612
.832851
. 742812
.254945
.068816
.069534
.061003
.010384
466777
.128784
.197823
.453775
.998429
.873553
.613436
.683268
.716320
.338277
.010952
.372557
.367191
.585428
.563629
.040834
.985875
.771815

-2

583981
532168

195713

-2.
-1.
-1.
-0.
-1.
-0.
.175790
.891451
.829561
.045065
.531131
.979983
.178904
.010688
.266612
.608885
.815434
.111120
.152878
.026409
.501816
.213257
.314650
.331322
.901874
.831517
.440435
.542111
.231921
.326218
.362952
.585885
.008441
.694000
.367002
.536290
.540381

173121
164688
689482
874758
628900
674937

Imaginary Frequency:

TS-BB3VA-ht-RS
C -4.859965 -0.552681 -0.344320

-1.631168
2.639237
2.661740
1.452925

-0.355431

-0.869408

-1.980693

-0.585652
1.631380
1.573549
1.146623

-0.076628

-0.660424

-2.446599

-2.440821

0.028556
-0.368152
-0.214942
-0.604373
-0.448412
-0.170026

1.098754

1.153171

2.472919
-0.776348

0.024131
-0.189473
-0.494007

0.003179

0.759146
-0.538623
-1.444270
-0.690794

0.264599
-1.024067

1.959526

2.761309

3.275185

2.398561

1.186751
-0.710074

1.008425
-0.144537
-1.337355

0.393750
-1.548714

1.018629
-0.680641

0.026336
-1.745727
-0.288319
-0.123685

17591

jusita vy viia s o iita sl sl vl asia s e s e siasiiasiia s s e il s O O N O NONONONONONONONONONONONONONQ]

.437272
.566433
.178522
.423231
.876548
.635459
.032811
.077193
.097997
.819296
.509060
.414373
.401379
.953812
.208850
.632163
.331335
707774
.337729
.005382
.882772
. 648077
.512934
.587470
.220421
.833961
.816071
.185784
.064386
.964544
.019567
.060441
.545098
.454841
.120499
.262241

1

2.
-0.
-0.
-1.
-3.

-1

N

|
NP OO WRDN

2.

.457820
.797542
.729247
.704132
.108259
.225501
.281283
155134
132755
828950
874444
012616
.409185
.111517
.053893
.346014
.007587
.456459
.833528
.016899
.537790
.750016
.848763
.612028
.802993
.779580
.274650
.637075
.970008
.725970
.156836
.554807
.328979
.047068
.006998
663605

Imaginary Frequency:

TS-BB3VA-hh-RRR
.571955
.755466
-3.
.721697

C

g O NONONONONONONOINONONONONONONONON]

-4
-3

-2

-1.
.537301
.296254
.495167
.112592
.648982
.473792
.657122
.404942
.758205
.393660
.591761
.438671
.355326
.373012
.936024
.997652

-0
0

[

WO WNREFEONEDN

974695

834961

1
0
-0

0.
-0.
-0.

.567604
.299697
.723854
466106
635129
059759
.576769
.095795
.119709
.666070
.7542006
.439980
.534564
.496690
.622308
.022290
.436493
.699334
.430538
.407847
.811462

| |
O O O o

I
COoOOR P E N

|
o

-2

-0.
-0.

.843048
.152325
.118329
.767218
.334726
.056053
.176493
.833033
.956081
.268139
.250207
.155031
.376474
.553908
.779603
.570719
.123297
.302727
.010958
.921860
.245150
. 652923
.106379
.441255
.972644
.068325
.894537
.242638
.616775
-1.
0.
0.
-1.
.206128

183955
474882
048359
162622

730851
659146

17761

.440164
.348811
.956052
.520697
.766420
.307348
.188508
.792690
.138744
.836766
.557082
.916338
.320263
.394428
.942151
.529583
779798
.298566
.167164
.737082
.539024
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[asjiyasiiyasiaiias i viia iia s siia siias i as e sia s i as e

O F WN PP W

.248557
.046903
.361381
.762078
.763808
.741752
.156892
.367770
.784152
.443402
.433043
.900999
.150450
.302963
.113031
.490959

.401521
.861209
.134121
.578048
.409064
.693290
.670626
.407736
.414592
.063775
.715990
.621756
.645316
.050727
.356058
.038280

Imaginary Frequency:

TS-BB3VA-hh-RRS

C

T I D DI DD DD DD D IDIIOD DD DD D000 0000000000o0Q0n

COoO R WA NP W

.016726
3.
.694623
.643902
.032278
.816508
.342048
.469081
.867095
.311122
.008559
. 783191
.849989
. 786524
. 783899
.359181
.090922
.812643
.623131
.202145
.629360
.061563
.480433
.801363
.487992
.465310
.074533
.914297
.884417
.380442
.441924
.604123
.232050
.335574
.210093
.625339
.324278

461051

0.
-0.
-1.
.541406
.088108
.963586
.616486
.452593
.381300
.588550
.082062
-0.
-1.
-1.
-2.
-1.

3.
-2.
-0.

0.
.239915

0.

0.
-0.
-0.

0.
.023315
2.
3.
3.
.059197
-2.
.114468
-2.
-0.
-1.
-2.

1

2

-1

-1

382446
305708
443630

842842
053861
981089
625450
802351
110449
096899
323633
766023

811944
824634
783613
467997
881379

403041
571087
875061

779848

475894
978809
947171
731174

Imaginary Frequency:

TS-BB3VA-hh-RSR

-0.279720
.770312
.046619
.675065
.560342
.079540
.465543
.870497
.442414
.427044
.133097
.075661
.373453
-1.651369
-2.217438
-1.908515

OO O ONNDRE P

|
= O

17171

-2.104366
-0.880353
-0.542491
-0.194023
1.018020
1.267984
0.318476
0.653960
-0.255199
-1.309536
2.159838
0.487176
-0.483431
-0.165767
0.859802
0.258965
0.247368
-1.269549
-2.672465
-2.726902
-1.805844
-0.718812
2.302843
1.891750
3.042650
2.429176
1.146024
0.391394
1.218818
0.474108
0.730395
-0.959100
-1.507293
-2.179896
1.484427
-0.788787
0.825913

16931

juniya vy it siia s ja s lita sl i a siia s ja s s jla s siasia s il s e s i O HO NGO NO RO NONONONONONONONONONO RO NGO NG

.985986
.000828
.740220
.434539
.486491
.621085
.571361
.114131
.167539
.077488
.123976
.410677
.558857
.691461
.795672
.617660
.602812
.785885
.456681
.471252
.747872
.186074
.217597
.670398
.352735
.819592
.220725
.517851
.165527
.784188
.604220
.707021
.944545
.492207
. 791067
.363179
.952214

0
-0

-1.

-0

-1.
.203461
0.
.315540
.587535
2.
.298251
-0.

0.
.732570

-0

1
2

-2

-0

-1.
-1.

3.

0.
-0.
.198108
.495748
.992414
.797920
.906654
.923249
.977845
.599361
.980849
.376212
.434082
.517026
.507672
.013907
.334080
.335940
-0.
-2.

.262569
.744279

814147

.277323

102017

418881

996981

666254
003696

879842
452340
404746
075707
142292

904551
472443

Imaginary Frequency:

TS-BB3VA-hh-RSS

C

O NONONONONONONONCHOINONONONONONCONS!

-4

-2

-2.
.865289
.077529
.710426
.283602
.684901
.271984
.930134
.387825
.467154
.681611
.899566
.440173
.700700
.699660
.008212
.163067

.332868
-3.
. 775535

023984

155231

-0.
.187785
-2.
-0.
.259649
.223522
.711690
.538374
.651417
.969827
.598868
.063638
.851880
.250563
.896640
.018804
.418577
.213469
.857414
.628367

-1

-1
-0

431801

137124
652474

-1.
-0.
-1.
.194155
.879534
.754838
.004593
.034663
.335471
.472324
.552532
.325609
.273499
.388137
.012990
.686551
.857818
.046099
.394303
741717
. 747153
.702347
.583942
.828571
.015399
.341688
.198255
.285131
.636859
.547039
.017156
.064298
.505198
.069199
.102950
.592977
.866557

497892
950821
452467

16971

.330032
.350155
.059191
.546218
.704165
.297450
.253667
.397769
.267046
.359516
.406114
.898293
.329974
.220083
.538941
.576992
.545687
.343736
.072893
.544730
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ju=jiyasiiyaviasiiiasiifasiiasiias i as e siias i a siia viia sl as i sia o

. 787954
.437861
.899344
.589799
.069716
.297380
.433708
.577876
.278138
.998035
.352765
.665018
. 787259
.379302
.825191
.278106
.902317

.493243
.366985
. 745650
.286865
.043708
.485140
.381799
.791233
.693020
.315627
.414270
.713231
.090891
.567503
.664955
.542330
.910147

Imaginary Frequency:

TS-4VAMe-mT-RRR

Q

jasiasiiasifasiiasiiasiiasiiasiiaciiasiia i ia il il O N O NGO NOCHONONONONONOCNONONONONCOHONONONONONONCONO NG

-0.
-0.
-1.
-0.
-0.
-2.

-3

-4.
.453514
.890862
.115183
.091031
.248742
.384346
.316237
.689348
.3765009
.828852
.855171
.285585
.445723
.550163
.482713
.912933
.774580
.586345
.520187
.244575
.098106
.460104
.179457
.116426
.089267
.071527
.202270
.368919
.295308
.366262
.256466
.525462

(@)

|
RPN OOWWNR

633820
752091
035618
545356
667747
055275

.254769

580575

-1

-1.
-2.
-0.
-0.

.194438
624892
734596
558227
730206
.070771
.701378
.111030
.496847
.172128
.854075
.381921
.246514
.420493
.163575
.251691
.927489
.463339
.868306
. 742342
.206087
.500482
. 716462
.679047
.409247
.0754009
.603110
.560090
.630019
.536548
.622048
.160071
.128133
.120011
.844977
.557575
.575998
.328620
.082333
.121118

.664155
737782
.799431
.872499
.449518
.436530
.054979
.735980
.517616
.001817
.504677
.425588
.305297
.329150
.589825
.242412
.998869

16901

.680117
.240516
.849917
.408981
.986120
.501654
. 625319
.260488
.652618
.234591
.038202
.838519
.068724
.664037
.761305
.868950
.117318
.050695
.146381
.427528
.835570
.816499
.848700
.249648
.588283
.321899
.936291
.827837
.123267
.671418
.498040
.648826
.597155
.189020
.033734
.524870
.497254
.734268
.166348
.503314

juxiiyasiiyavia siitas i asiia siita sl as e siia sl as

.681398
.163958
.029149
.783085
.793517
.929200
.868837
.283790
.750882
.606701
.414504
.725059

.065496
.165274
.103833
.161748
.755159
.486279
.114995
.620195
.676138
.193909
.845522
.610935

Imaginary Frequency:

TS-4VAMe-mT-RRS

Q

jusiiyaniyaviiyasiiasjita s iia sl siia sia s iia s e siasiasiasiia s i s e sia sl s OO NGO NONONONONONONONONONONONONONONONONONONONO NS

-2

-0

[

|
g OO DO O

.978043
-2.
-1.
-1.
.549125
.761628
.724698
.174519
.203766
.712144
.019872
.052147
.227627
.121868
. 783741
.119556
.021317
.694083
.420482
.838762
.851483
.901629
.909733
.226504
.732955
.850810
.299546
.489400
.561892
.169629
.308229
.538861
.154935
.090493
.459717
.726167
.039849
.675998
.280194
.479028
.731351
.135741
.251060
.743062
.024257

051324
887982
426583

-2
-2
-2

-1.
-0.
-1.
-1.
.283433
.160409
.417089
.360074
.067256
.147396
.344064
.222581
.089224
.91119¢6
. 736470
.612919
.208831
.547960
.340772
.512981
.015361
.065864
.075178
.756066
.692758
.005836
.589216
.528913
.101577
.706923
.398964
.537119
. 647627
.517767
.092395
.118375
.200760
.956327
.491531
.505717
.976049
.336124

-2

(@]

WNMNDNNRENR PO

.737161
.259832
. 789558

098924
442588
144648
429726

4211

WNPFPFORFR, PP OR

2

.862404
.356096
.067580
.206828
.419138
.895881
.816614
.419141
.851811
1.
0.
.224651

422918
603255

.345070
.256517
.819131
.631595
.271088
.545615
.619555
. 753569
.501765
.464456
.393802
.431085
.473267
.070174
.556547
.874512
.235319
.583595
.697424
.073527
.519446
.647121
.004068
.770860
.351060
.371544
.125503
.322586
.157816
.963653
.268563
.042474
.903590
.346769
.788216
.280323
.353487
.747208
.170564
.739330
.456044
.997197
.252108
.979283
.605938
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.308020
.417678
.178299
.182770
.371871
.970878
777604

w N =

-3

.173970
.082321
.139603

2.
-1.
-2.
.230770

009250
758297
509395

Imaginary Frequency:

TS-4VAMe-mT-RSR

Q
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.716316
.847914
.473682
.159607
.056052
.179421
.589648
. 754579
.275116
.651715
.350643
.546707
.123883
.289666
.028414
.036646
.670990
.466765
.871606
.142548
.719196
.763120
.271259
.539654
.260726
.301550
.065892
.334468
.944953
.454784
.253625
.985961
.311875
.277671
.656416
.576754
.391110
.014606
.455139
.677691
.039064
.221750
.547216
.739114
.063013
.495801
.757715
.682244
.286335
.268416

-4.
.177120
-2.
.573331
.161448
.891348
.390971
.876044
.483801
.549763
.678005
.619048
.878322
.058119
.263125
.091134
.147680
.338372
.990753
.694604
.511692
.062538
.078915
.693077
.482371
.156208
.013916
.974631
. 724796
.637289
.189258
.316674
.415314
.447342
.362819
.772982
.847522
.575677
.572809
.291968
.819204
.119435
.560439
.598224
.660854
.684025
.660691
.422877
.503031
.151230

678980

607463

2.
.209086
-1.
-1.
-2.
-2.
.372180

-2

-1

4041

0

-0.
-1.

1

-0.
1.
1.

-0

-1
=2

-0
-1

1

-1

-1

-1

-0
0

715856

016175
981497
276659
469967

.580867
.701403
.566612
.301037
.482497
.329538
. 955606
.657371
.092043
.398004
. 773415
.177704
.420975
.485982
.276960
.791266
.001673
-0.
-0.
.200291

368439
342343

008922
090697

.275954

8742277
350162
367447

.401153
0.
1.
2.
.481285
.330948
1.
0.
777362
.042519
-2.
-1.

1.

670071
378158
016420

512315
567310

128236
174302
814468

.915715
1.
.806402
0.
.947661
-0.
-0.
.283572
0.
.753403
.280926

044169

684803

697597
341887

342670

H -3.818864 -3.120989 -0.580124
H -2.314991 -3.476052 -1.459992

Imaginary Frequency:

TS-4VAMe-mT-RSS

Q
o

.693722
0.063118
0.787216
0.595600
0.259606
1.437147
2.838481
3.422340
-1.051153
-2.387350
-3.388421
-4.013468
-4.919588

0.169652
-0.579635

0.044733
-0.719293
-1.878705

0.081121

3.760779
.057189
.594950
.048719
.873242
.839706
772961
.242289
.548490
.656400
.297492
.338078
.365085
.251007
.256694
.059625
.471936
.976638
.109344
.642923
.264585
.972544
.823571
-2.341683
-3.035162
-2.142647
-3.815938
-5.335380
-5.716247
-4.319967

2.759880

4.408213

3.532578

HFORPRRPRPRPRPORPROOR WNOU Wb

juniitaniya vl sl siia s ja sl sl vl a siia s ja o lita sl a sl a s a s jia s e s e s s a sia s e s ja s e e il OO NGO NONONONONONONONONONONONONONONONONONONONO NG
[ |
N OOl P OO

-4

-2
-2

-1.
.370757
.805308
.968837
.783261
.220512
.261299
.502733
.513804
.204220
.315825
.451134
.361396
.178933
.604875
.308537
.081103
.925138
.156850
.592312
.408571
.434784
-5.
-5.
.378843
.591001
.710768
.548671
.292031
.158255
.345570
.235754
.223759
.299787
774767
.776675
.701897
.031627
.165771
.600046
.368100
.847674
.132274
.792764
.404239
-2.

-0

MNNORFROPWWDNE O

(@]

-4

1
-0

-0

=2
-1

.515521
-3.
.770361
.390226

141261

026263

117899
001898

835284

.245212
.695966

Imaginary Frequency:

3911

-0.
-0.
-1.

0.

oNeoNeoR N el e

NHFPFRPRPOORPROONOODOOORFrDNO

4071

867732
866698
642612
134095

.387969
.094921
.622261
.413756
.112477
477263
.936930
.010217
.668635
.523242
.271251
.764608
.093449
.204457
.202664
.819875
.249514
.360356
.130601
.931035
.187556
.035274
.656533
.102478
.362434
.089792
.958707
.181900
.572103
. 726938
.617494
.899376
.122140
.262139
.938356
.740149
.502792
.445025
.608175
.01499¢6
.686334
.437247
.604034
.023492
.889053
.346366
.025898
.469320
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