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ⅤI. DFT study 
1. Computational methods for mechanism studies. 

Geometry optimizations in the gas phase were initially carried out using global 
hybrid functional M06-2X[5] with Karlsruhe-family basis set of double-ζ valence def2-
SVP[6,7] for all atoms as implemented in Gaussian 16 rev. A.03.[8] Minima and transition 
structures on the potential energy surface (PES) were confirmed as such by harmonic 
frequency analysis, showing respectively zero and one imaginary frequency, at the same 
level of theory. 

Single point (SP) corrections were performed using M06-2X functional and def2-
TZVP[6] basis set for all atoms. The implicit SMD continuum solvation model[9] was 
used to account for the solvent effects of diethylether (DEE) on the overall free energy 
PES. Gibbs energies were evaluated at the room temperature, as was used in the 
experiments, using a quasi-RRHO treatment of vibrational entropies.[10,11] Vibrational 
entropies of frequencies below 100 cm-1 were obtained according to a free rotor 
description, using a smooth damping function to interpolate between the two limiting 
descriptions. The free energies were further corrected using standard concentration of 
1 mol/L, which was used in solvation calculations. SMD(DEE)-M06-2X/def2-
TZVP//M06-2X/def2-SVP Gibbs energies are given and quoted in kcal mol-1 
throughout. Unless otherwise stated, these solvent-corrected values are used for 
discussion throughout the main text and in this supporting information. 

For photochemical properties study of compounds 3a and 3j, geometries were 
optimized at the level of theory (M06-2X/def2-SVP) using Gaussian 16 rev. A.03. 
Subsequently, the time-dependent DFT (TD-DFT) calculations were carried out on the 
gas-phase optimized geometries using ORCA 5.0.4,[12] with CAM-B3LYP13] 
functionals and def2-TZVPD basis sets[6,7] for all atoms, in implicit toluene solvent. For 
the TD-DFT calculations, five singlet and five triplet excited states were computed 
(nroots = 5) to adequately capture the lowest-lying electronic excitations relevant to 
photophysical processes. Spin–orbit coupling (SOC) matrix elements between the 
singlet and triplet manifolds were subsequently evaluated using the doSOC keyword to 
assess the efficiency of possible intersystem crossing (ISC) pathways. CAM-B3LYP 
functional was chosen for its robust performance in TD-DFT studies.[14] 

Non-covalent interactions (NCIs) and molecular orbitals (MOs) were analyzed using 
NCIPLOT[15] calculations. The .wfn files for NCIPLOT were generated at M06-
2X/def2-SVP[6,7] level of theory. NCI indices calculated with NCIPLOT were 
visualized at a gradient isosurface value of s = 0.5 au. These are colored according to 
the sign of the second eigenvalue (λ2) of the Laplacian of the density (∇2𝜌) over the 
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range of –0.1 (blue = attractive) to +0.1 (red = repulsive). All molecular structures were 
visualized using PyMOL software.[16]  

 
2. Model reaction. 

For this study, we select the model reaction depicted in Scheme S1 for mechanistic 
studies using DFT modeling. 

 

Scheme S1. Model reaction used for DFT based mechanistic studies. 

3. Conformational considerations. 
We first obtained the DFT optimized (M06-2X/def2-SVP level of theory) TSs for the 

studied reaction mechanism, which consists of five TSs, TS1_Re, TS1_Si, TS2, TS2ʹ, 
and TS3. Subsequently, we utilized these DFT-optimized TS structures as input to 
conduct thorough constrained conformational sampling using the crest program, aiming 
to identify the corresponding most stable TS conformers. From the sampling, we 
extracted the five lowest energy TS conformers (optimized at the xtb level), resulting 
in a total 25 conformers. These xtb-optimized conformers were then reoptimized at the 
DFT M06-2X/def2-SVP level of theory. Note that for TS1_Si, we have only succeeded 
in obtaining 3 optimized TS structures, resulting in a total 23 stable conformers. The 
DFT-optimized lowest energy TS conformer for each step was used for all discussions. 
Note that the initial guess structures for TS2_minor and TS2ʹ_minor were constructed 
from the corresponding DFT-optimized lowest-energy conformers TS2 and TS2ʹ, 
respectively.  

The most stable conformer for complex I, which is the resting state of the catalytic 
cycle and substrate 2a were also located by DFT-optimizing the 5 lowest xTB energy 
structures and taking the most stable one. 

4. Relative stabilities of imine form of intermediate I and its enone form.  
Our calculations suggest that the reaction starts with the condensation of substrate 1a 

with catalyst C to form the stable chiral imine intermediate I, with the release of one 
water molecule, Figure 3. This step is exergonic, with I lying at -3.8 kcal mol−1. Notably, 
the ortho-quinone methide (o-QM)[17] intermediate, I_enone is 4.1 kcal mol−1 less 
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stable (Figure S6). This is perhaps unsurprising as this form disrupts the aromaticity of 
the phenyl ring. 

 

I I_enone 

ΔG = -3.8 kcal mol-1 ΔΔG‡ = 0.3 kcal mol-1 

  

  

Figure S6. DFT optimized geometries of intermediate I and its enone form, I_enone. 

5. DFT geometries of the enantio-inducing TS structures.  

From a structural perspective, TS1_Re represents an early transition state with a B–O 
bond length of 2.26 Å, while TS1_Si corresponds to a later transition state featuring a 
shorter B–O distance of 1.94 Å (Fig. S7) Our analysis reveals that TS1_Re is 
energetically favored over TS1_Si, primarily due to stronger non-covalent interactions 
such as π–π and C–H···π interactions (Fig. S7). 
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TS1_Re TS1_Si 

ΔΔG‡ = 0.0 kcal mol-1 ΔΔG‡ = 1.9 kcal mol-1 

 
 

TS1_Re TS1_Si 

ΔΔG‡ = 0.0 kcal mol-1 ΔΔG‡ = 1.9 kcal mol-1 

 
  

 
Figure S7. DFT optimized geometries of the enantio-determining TS structure (TS1), 
representing both (Re)- and the (Si)-face attacks by the OH group on I at the B(sp2) 
center of 2a, and the corresponding NCI plots, for the studied reaction mechanism. Key 
bond distances are given in Å. Activation barriers are given in kcal mol-1, relative to 
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the lowest activation barrier. Gibbs energies were computed at SMD(DEE)-M06-
2X/def2-TZVP//M06-2X/def2-SVP level of theory.  
 

6. Enantio-determining intramolecular aminal formation step via stereoselective 
ring closure. 

The intramolecular aminal formation reaction between the iminium ion moiety and 
the N(sp3) atom in III, via TS2, forms the stereoselective cyclic intermediate IV (see 
Figure 3 in the main text). The calculated TS barriers suggest that the N(sp3) atom 
preferentially attacks the carbon center of iminium ion moiety in III from the (Re)-face 
via TS2 (barrier of 10.5 kcal mol−1 from I), which is 4.9 kcal mol−1 lower than the 
barrier from the (Si)-face via TS2ʹ (barrier of 15.4 kcal mol−1), Figure S8. Alternatively, 
along the pathway originating from TS1_Si and leading to the minor product, the 
corresponding TS2 structures (TS2_minor and TS2ʹ_minor) reveal that the lowest 
energy TS2_minor (21.7 kcal mol−1) lies 2.8 kcal mol−1 higher than the corresponding 
TS2 (18.9 kcal mol−1) leading to the major product 3a, Figure S8. While TS1 serves as 
the enantio-inducing transition state, favoring the pathway leading to 3a via TS1_Re 
over TS1_Si by 1.9 kcal mol−1, the subsequent cyclization step (III → IV) via TS2 is 
the enantio-determining step, with TS2 favored over TS2_minor by 2.8 kcal mol−1, 
thereby reinforcing the kinetic preference for enantioselective formation of product 3a. 
From a thermodynamic perspective, intermediate IV (3.4 kcal mol−1 above III) is more 
stable by 7.2 kcal mol−1 than IVʹ (10.6 kcal mol−1 above III) formed via TS2ʹ, Figure 
S9. Most importantly, from IVʹ, following the intramolecular proton transfer, the C–N 
bond dissociation step proceeds through a TS characterized by B–N bond cleavage, 
leading to ring-opening, curtailing the formation of the desired product 3a. This is 
because, as the C–N(catalyst) bond breaks, it forms the C=N bond with E 
stereochemistry in IV, with the green H atom (Figure S9) trans to B atom, thus outside 
of the ring system, whereas in IVʹ, as the C–N(catalyst) bond breaks, it forms the C=N 
bond with Z stereochemistry with the green H atom (Figure S9) cis to B atom, thus 
placing it inside of the ring system, distorting the ring and causing B–N bond to break.  
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TS2 TS2ʹ 

ΔΔG‡ = 0.0 kcal mol-1 ΔΔG‡ = 4.9 kcal mol-1 

  

TS2_minor TS2ʹ_minor 

ΔΔG‡ = 2.8 kcal mol-1 ΔΔG‡ = 3.6 kcal mol-1 

 
 

Figure S8. DFT-optimized geometries of the enantio- and rate-determining transition 
state TS2, leading to the major product 3a, and the less favorable TS structure, 
TS2_minor, associated with the minor pathway. The corresponding higher-energy 
isomers TS2′ and TS2′_minor are also shown. Key bond distances are given in Å. 
Activation barriers are given in kcal mol-1, relative to the lowest activation barrier. 
Gibbs energies were computed at SMD(DEE)-M06-2X/def2-TZVP//M06-2X/def2-
SVP level of theory. 
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IV IVʹ 

ΔΔG = 0.0 kcal mol-1 ΔΔG = 7.2 kcal mol-1 

  

Figure S9. DFT optimized geometries of the cyclic intermediate IV and its less stable 
stereoisomer, IVʹ. Key bond distance is given in Å.  Gibbs energies were computed at 
SMD(DEE)-M06-2X/def2-TZVP//M06-2X/def2-SVP level of theory. 
 

TS2 TS2ʹ 

ΔΔG‡ = 0.0 kcal mol-1 ΔΔG‡ = 4.9 kcal mol-1 

  

TS2_minor TS2ʹ_minor 

ΔΔG‡ = 2.8 kcal mol-1 ΔΔG‡ = 3.6 kcal mol-1 
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Figure S10. NCI plots of the enantio- and rate-determining transition state TS2 leading 
to major product 3a, its less stable isomer TS2ʹ, and the less favorable transition state 
TS2_minor on the minor pathway, along with its less stable isomer TS2ʹ_minor.  
 

TS3 

ΔG‡ = 21.1 kcal mol-1 

 

 
 

 
Figure S11. DFT optimized geometry of the C–NH2 bond dissociation TS, TS3, and 
the corresponding NCI plot. Key bond distances are given in Å. Activation barriers are 
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given in kcal mol-1. Gibbs energies were computed at SMD(DEE)-M06-2X/def2-
TZVP//M06-2X/def2-SVP level of theory. 
 
7. Distortion-interaction Analysis for enantio-inducing and enantio-determining 
TSs. 

Distortion-interaction analysis is applied to key TSs (TS1 and TS2) to discern the 
factors affecting enantioselectivity. The transition state structures are decomposed by 
dividing the chiral imine intermediate I, and boron substrate 2a as components. Single 
point calculations with SMD (diethylether) solvent correction were applied performed 
at M06-2X/def2-TZVP level of theory to obtain distortion and interaction energies. The 
distortion energy is given by: 

Edist =ETS,frag1 + ETS,frag2 − (Eeq,frag1+ Eeq,frag2 ) 

where TS,frag1,2 represent individual fragments in their distorted transition state 
geometries; and eq,frag1,2 represent individual fragments in their optimized, 
equilibrium ground-state geometries; the interaction energy is given by: 

Eint =ETS − (ETS,frag1 + ETS,frag2 ) 

which accounts for the stabilizing interactions (e.g., electrostatic, orbital, dispersion) 
between the distorted fragments in the TS.  

Thus, the total activation energy is given by: 

Δ 𝐸‡ = Edist + Eint. 

Note that this single point activation energy and the activation energy differences ΔΔ𝐸‡ 
between the TSs (TS1_Re vs. TS1_Si, and TS2 vs. TS2_minor) may be different from 
the Gibbs energy differences ΔΔG‡ that is computed fully (including vibrational 
frequencies analysis) at SMD (diethylether)-M06-2X/def2-TZVP//M06-2X/def2-SVP 
level of theory. 

This analysis gives a ΔΔ𝐸‡ (TS1) of 1.1 kcal mol⁻¹ in favor of TS1_Re over TS1_Si. 
Although TS1_Re exhibits a lower interaction energy (Eint) by 1.5 kcal mol-1, this is 
outweighed by its distortion energy (Edist), which is 2.6 kcal mol-1 lower than TS1_Si, 
Table S6. Similarly, the ΔΔE‡ (TS) is 3.3 kcal mol-1 in favor of TS2 relative to 
TS2_minor, primarily due to a significantly more stabilizing Eint (–67.1 kcal mol-1 for 
TS2 vs. –57.6 kcal mol-1 for TS2_minor). While TS2 displays a slightly higher Edist 
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(73.0 kcal mol-1 vs. 66.8 kcal mol-1), which is more than compensated by its favorable 
interaction energy, resulting in a lower overall ΔE‡ (5.9 kcal mol-1 vs. 9.2 kcal mol-1) 
and making TS2 the more favorable transition state, Table S6. 

Table S6. Distortion-interaction analysis. 

Transition State Δ𝐸‡ Edist Eint 

TS1_Re 0.7 13.6 -12.9 

TS1_Si 1.8 16.2 -14.4 

TS2 5.9 73.0 -67.1 

TS2_minor 9.2 66.8 -57.6 

 

8. Optimized structures and raw energies. 
Geometries of all optimized structures (in .xyz format with their associated energy 

in Hartrees) are included in a separate folder named DFT_optimized_structures. All 
these data have been deposited and uploaded to https://zenodo.org/records/17047909 
(DOI: 10.5281/zenodo.17047909). 

Absolute values (in Hartrees) for SCF energy, zero-point vibrational energy (ZPE), 
enthalpy and quasi-harmonic Gibbs free energy (at 298.15K) for gas-phase M06-
2X/def2-SVP optimized structures are given below. Single point corrections in SMD 
diethylether using M06-2X/def2-TZVP functional are also included. 

Structure E/au ZPE/au H/au T.S/au qh-G/au 
SP M06-

2X/def2-TZVP  

1a -420.321783 0.11649 -420.197445 0.036091 -420.233523 -420.809312 

D -1741.747131 0.323435 -1741.399592 0.078115 -1741.471525 -1743.454192 

I_enone -2085.749531 0.414707 -2085.305413 0.087053 -2085.386459 -2087.836942 

H2O -76.323214 0.021594 -76.29784 0.018411 -76.316251 -76.432252 

I_c1 -2085.760887 0.415805 -2085.315646 0.087453 -2085.396832 -2087.844486 

I_c2 -2085.760887 0.415806 -2085.315646 0.087454 -2085.396832 -2087.844484 

https://zenodo.org/records/17047909
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I_c3 -2085.758354 0.416253 -2085.312639 0.087743 -2085.394018 -2087.84227 

I_c4 -2085.758354 0.416255 -2085.312637 0.087738 -2085.394013 -2087.842271 

I_c5 -2085.758354 0.416253 -2085.312639 0.087737 -2085.394015 -2087.842269 

2a_c1 -812.425851 0.30441 -812.104223 0.058826 -812.160641 -813.3269004 

2a_c2 -812.425851 0.30441 -812.104224 0.058824 -812.16064 -813.3269004 

2a_c3 -812.42585 0.304412 -812.104223 0.05882 -812.160637 -813.3269014 

2a_c4 -812.425199 0.304469 -812.103516 0.059157 -812.160098 -813.3266408 

2a_c5 -812.425199 0.304469 -812.103516 0.059155 -812.160097 -813.3266404 

II -2898.202119 0.720485 -2897.434159 0.127914 -2897.5500 -2901.173716 

TS1_Re_c1 -2898.199446 0.719938 -2897.432976 0.124379 -2897.546591 -2901.170314 

TS1_Re_c2 -2898.199445 0.719933 -2897.432972 0.124379 -2897.546592 -2901.170306 

TS1_Re_c3 -2898.199446 0.719937 -2897.432977 0.124362 -2897.546584 -2901.170306 

TS1_Re_c4 -2898.199446 0.719935 -2897.432979 0.124355 -2897.546583 -2901.170306 

TS1_Re_c5 -2898.199446 0.719936 -2897.432979 0.124356 -2897.546583 -2901.170306 

TS1_Si_c1 -2898.19467 0.720694 -2897.42762 0.123024 -2897.540514 -2901.168599 

TS1_Si_c2 -2898.19348 0.721135 -2897.42583 0.125003 -2897.539631 -2901.16642 

TS1_Si_c3 -2898.19348 0.721142 -2897.42582 0.124996 -2897.539621 -2901.16642 

III -2898.20945 0.722154 -2897.4409 0.122781 -2897.553814 -2901.178304 

TS2_c1 -2898.19458 0.722442 -2897.42625 0.12291 -2897.538522 -2901.161974 

TS2_c2 -2898.19377 0.722494 -2897.42539 0.12283 -2897.537639 -2901.161648 

TS2_c3 -2898.19377 0.722491 -2897.4254 0.122808 -2897.537631 -2901.16165 

TS2_c4 -2898.19377 0.722493 -2897.4254 0.122806 -2897.537629 -2901.16165 

TS2_c5 -2898.19377 0.722493 -2897.4254 0.1228 -2897.537626 -2901.161649 

TS2'_c1 -2898.19036 0.722752 -2897.42207 0.120051 -2897.532838 -2901.155607 

TS2'_c2 -2898.19036 0.722782 -2897.42204 0.120041 -2897.532802 -2901.155577 
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TS2'_c3 -2898.19036 0.722801 -2897.42202 0.120041 -2897.532778 -2901.15555 

TS2'_c4 -2898.19036 0.722807 -2897.42202 0.120032 -2897.532769 -2901.155545 

TS2'_c5 -2898.18447 0.722264 -2897.41653 0.120606 -2897.52774 -2901.151967 

TS2_minor -2898.18916 0.722305 -2897.42087 0.124072 -2897.533861 -2901.156762 

TS2'_minor -2898.18483 0.721802 -2897.41702 0.12274 -2897.529323 -2901.155678 

IV -2898.21133 0.72486 -2897.4405 0.12264 -2897.552712 -2901.175781 

IVʹ  -2898.20061 0.725377 -2897.42952 0.122201 -2897.541301 -2901.165142 

V -2898.20717 0.725542 -2897.43625 0.119147 -2897.546736 -2901.17221 

TS3_c1 -2898.20475 0.724306 -2897.43535 0.118079 -2897.545115 -2901.168097 

TS3_c2 -2898.20475 0.724306 -2897.43535 0.11808 -2897.545116 -2901.168098 

TS3_c3 -2898.20475 0.724306 -2897.43535 0.118081 -2897.545116 -2901.168097 

TS3_c4 -2898.20475 0.724306 -2897.43535 0.118079 -2897.545115 -2901.168097 

TS3_c5 -2898.20183 0.723844 -2897.43279 0.118309 -2897.542578 -2901.167096 

VI -2898.22053 0.722673 -2897.45121 0.123384 -2897.564574 -2901.186254 

3a-AgOAc -1531.60831 0.448023 -1531.12954 0.092539 -1531.214161 -1533.167473 

3a -1156.42297 0.396106 -1156.00424 0.069953 -1156.07091 -1157.707986 

3j -1195.69011 0.424141 -1195.24176 0.073199 -1195.311515 -1197.018903 

 
9. Full reference for Gaussian software: 
Gaussian 16, Revision A.03, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. 
E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, 
G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; 
Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, 
J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery 
Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. 
N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; 
Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; 
Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, 



S31 
 

R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. 
L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; 
Dapprich, S.; Daniels, A. D.; Farkas, Ö.; Foresman, J. B.; Ortiz, J. V; Cioslowski, J.; 
Fox, D. J. Gaussian, Inc., Wallingford CT, 2016.  
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conditions. (b) EPR spectra of 3a (0.5 mM in toluene) for O2
•− characterization with 

5,5-dimethyl-1-pyrroline-N-oxide (DMPO, 0.3 mM) as the spin-trap reagent in 
different conditions. 
 
8. Photochemical studies for substrates 3a and 3j 

 

Figure S27. Molecular orbital plots with energy levels for 3a and 3j at M06-2X/def2-
SVP level of theory. 

Table S12. Selected electronic excitation energies (eV) and oscillator strengths (f), 
configurations of the low-lying singlet excited states of 3a calculated by SMD(toluene)-
CAM-B3LYP/def2-TZVPD based on the optimized ground state geometries. 

Electronic 

transition 

TD-CAM-B3LYP/def2-TZVPD//M06-2X/def2-SVP 

Energy/ eV a f b Composition c CI d 

S0→S1 3.203 eV 387.1 nm 0.2427 HOMO → LUMO 0.8275 

S0→S2 3.867 eV 320.6 nm 0.0919 
HOMO -1 → LUMO 0.5957 

HOMO -2 → LUMO 0.1820 

S0→S3 4.282 eV 289.6 nm 0.0220 
HOMO -2 → LUMO 0.5190 

HOMO -1 → LUMO 0.2220 
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Table S13. Selected electronic excitation energies (eV) and oscillator strengths (f), 
configurations of the low-lying singlet excited states of 3j calculated by SMD(toluene)- 
CAM-B3LYP/def2-TZVPD based on the optimized ground state geometries. 

Table S14. Vertical singlet and triplet electronic transition energies (in eV) of dyes at 
the SMD(toluene)-CAM-B3LYP/def2-TZVPD level, along with vertical singlet-triplet 
splittings (in eV) and the spin-orbit coupling (SOC) values between the involved Tn and 
S1 states (in cm−1) 

S0→S4 4.425 eV 280.2 nm 0.2904 
HOMO -5 → LUMO 0.6621 

HOMO -3 → LUMO 0.0958 

S0→S5 4.526 eV 274.0 nm 0.0137 
HOMO -3 → LUMO 0.5899 

HOMO -2 → LUMO 0.0964 

a Only the selected low-lying excited states are presented. b Oscillator strength. c Only the main 

configurations are presented. d The CI coefficients are in absolute values.   

Electronic 

transition 

TD-CAM-B3LYP/def2-TZVPD//M06-2X/def2-SVP 

Energy/ eV a f b Composition c CI d 

S0→S1 3.175 eV 390.5 nm 0.2164 HOMO → LUMO 0.8876 

S0→S2 3.863 eV 321.0 nm 0.1297 
HOMO -1 → LUMO 0.7228 

HOMO -2 → LUMO 0.1091 

S0→S3 4.326 eV 286.6 nm 0.0228 
HOMO -2 → LUMO 0.6114 

HOMO -3 → LUMO 0.1945 

S0→S4 4.341 eV 285.6 nm 0.3439 HOMO -5 → LUMO 0.7810 

S0→S5 4.559 eV 271.9 nm 0.0403 
HOMO -3 → LUMO 0.5499 

HOMO → LUMO +1 0.0899 

a Only the selected low-lying excited states are presented. b Oscillator strength. c Only the main 

configurations are presented. d The CI coefficients are in absolute values.   

Compounds S1 (eV) Tn (eV) ΔES1-Tn (eV) <S1|ĤSO|Tn> (cm-1) 

3a 3.203 

2.314 (T1) 0.89 0.85 

2.906 (T2) 0.30 0.69 

3.200 (T3) 0.003 1.38 

3j 3.175 

2.301 (T1) 0.88 0.79 

2.875 (T2) 0.30 0.53 

3.090 (T3) 0.09 1.54 
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