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Abstract A geometry optimization on a molecular system containing a transition metal center and a flexible ligand will cer-
tainly yield a minimum on the potential energy surface (PES). However, there is no guarantee that the optimized structure is a
global minimum on the PES, but a local minimum in most cases. The searching for the global minimum of each intermediate
and the transition state is of crucial importance for mechanistic understanding on a specific reaction. In this work, three transi-
tion states (TS1, TS2, TS3) for the Cr/PCCP catalyzed ethylene tri-/tetramerization were selected as the molecular models,
which were subjected to a sophisticated conformational search using Tinker program and CREST program, respectively. With a
careful analysis, the global minimum for each of these three transition states was successfully located using either Tinker pro-
gram or CREST program, and both methods generated a similar number of conformers in this study. Compared with Tinker
program, the conformational screening using CREST program is more straightforward and easier to use.
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Figure 1 The lowest energy conformer and the ‘correct’ reac-
tion energy barrier
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Figure 2 Flowchart of conformational search using Tinker program package
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Figure 3 Flowchart of conformational search using CREST program package
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Table 1 Conformational screening of TS1 using Tinker program

Molecular dynamics

GFNO-xTB DFT calculation

Entry . Initial conformer  Refined conformer  Final conformer Energy window/
Fixed atom Steps Temperature/K =
ensemble ensemble ensemble (kJemol )
1 1,2 100000000 473 10000 1453 11 59.1
2 1,2 100000000 573 10000 2125 13 37.6
3 1,2 100000000 673 10000 2901 6 16.0
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Figure 5 17 Low-energy conformers of TS1 obtained using Tinker program (relative free energies in parentheses, kJ/mol)
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Table 2 Free energy, moments of inertia and geometrical features of the low-energy conformations of TS1

Number of con- Moments of inertia/(amu+A?) Bond length/nm
Free energy/Hartree
formers I I I, S-H—Cr y-H—Cr 0-H—Cr p-H—Cr
T-TS1-01 —2278.749756 4352 5753 7316 0.191 0.403 0.370 0.408
T-TS1-02 —2278.749149 4370 5802 7342 0.191 0.405 0.371 0.409
T-TS1-03 —2278.748547 4343 5903 7374 0.192 0.426 0.470 0.335
T-TS1-04 —2278.748273 4335 6034 7546 0.202 0.433 0.472 0.336
T-TS1-05 —2278.748137 4313 5945 7473 0.194 0.427 0.471 0.334
T-TS1-06 —2278.746676 4332 6022 7578 0.201 0.433 0.473 0.335
T-TS1-07 —2278.743619 4482 5545 7000 0.190 0.427 0.458 0.408
T-TS1-08 —2278.743565 4250 5962 7446 0.274 0.457 0.329 0.406
T-TS1-09 —2278.743516 4153 5952 7590 0.193 0.376 0.369 0.351
T-TS1-10 —2278.740752 4245 6005 7155 0.421 0.378 0.402 0.189
T-TS1-11 —2278.740313 4112 6761 8227 0.423 0.508 0.484 0.335
T-TS1-12 —2278.739514 4240 6048 7161 0.420 0.380 0.401 0.189
T-TS1-13 —2278.739294 4458 5460 6831 0.303 0.209 0.421 0.321
T-TS1-14 —2278.738767 4513 5428 6810 0.300 0.208 0.424 0.338
T-TS1-15 —2278.738175 4181 5995 7251 0.407 0.463 0.431 0.191
T-TS1-16 —2278.738063 4190 6023 7261 0.406 0.461 0.429 0.190
T-TS1-17 —2278.732524 4298 5554 6822 0.339 0.425 0.206 0.335

Figure 6
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16 low-energy conformers of TS1 obtained using CREST program (relative free energies in parentheses, kJ/mol)

TR, Hik, f£%H DFT AT S et SR
Ja, EHAT 100 NEERIFEAT T B,
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Table 3 Free energy, moments of inertia and structural parameters of the low-energy conformations of TS1 using CREST program

Moments of inertia/(amu+A?) Bond length/nm
Number of conformers Free energy/Hartree

I Iy I, S-H—Cr y-H—Cr
C-TS1-01 —2278.749758 4352 5752 7315 0.191 0.403
C-TS1-02 —2278.749144 4370 5801 7342 0.191 0.405
C-TS1-03 —2278.748529 4343 5902 7373 0.192 0.426
C-TS1-04 —2278.748141 4313 5945 7473 0.194 0.427
C-TS1-05 —2278.744931 4436 5661 7292 0.197 0.430
C-TS1-06 —2278.744013 4479 5705 7226 0.198 0.431
C-TS1-07 —2278.743616 4482 5545 7000 0.190 0.427
C-TS1-08 —2278.743562 4533 5670 7164 0.199 0.433
C-TS1-09 —2278.743497 4153 5952 7590 0.193 0.376
C-TS1-10 —2278.743444 4457 5597 7154 0.191 0.428
C-TS1-11 —2278.742194 4166 5960 7603 0.192 0.377
C-TS1-12 —2278.741632 4476 5699 7288 0.200 0.433
C-TS1-13 —2278.739285 4458 5461 6831 0.303 0.209
C-TS1-14 —2278.73923 4616 5288 6739 0.298 0.219
C-TS1-15 —2278.735569 4424 5988 6845 0.199 0.414
C-TS1-16 —2278.734971 4444 6051 6819 0.199 0.413

N Tk LR R AR R D7 VE R o TR RE A
G AR FESE &1, HE—BH 5T Cr/PCCP 11k &
b IR IR B = R/ DU R I N B4 1K) p-H 56 R8 K
EASS TR TS2 A1 TS3(IK 7). TS2 244 8 -tIcik
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29 MAZ.
\ / \P/
v H Tt \H
EP/C@ [P/C&
/\ /\
TS2 TS3

B7  SREILERS I TR TS2 A TS3
Figure 7 Molecular models of the key transition states TS2 and
TS3
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Table 4 Comparison of the conformer ensemble obtained using
Tinker and CREST program

T : Tinker : CREST

Hom Witk %% Wik 52
MEES WHWEESE  HWRES HMEES

TS1 10000 17 21 16

TS2 10000 6 11 9

TS3 10000 22 31 29
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37 TS3 1 12 MKREM S, £ T2 T Tinker {15
B 8 MAR(F S). X LA 451 LLRE B AN S5 & s
HEHEAT XS B A, BRI A 7 545 2 1 SR RE =
GONIE 5. DRIk, JE PRl R A8 R 7 iR R DR
Bl TR B RE R 451, H PR 78R se i i
78 75 TS1.TS2 F1 TS3 WIKAEMI RS [A]. 52E T Tinker
BARELR T ML, [/ CREST BH-E T 2%
AR A R, T BRI TR A DFT U7
ERHT S5 VI a6 P 5 &

#5 HT Tinker fl CREST B IR1F I BIK BE B AN S LA

Table 5 Comparison of the lowest conformer obtained using
Tinker and CREST program

T o - ReEE M/ RIEMRRE
*ﬁﬂ %EE? *@%i&% (kJ'molfl) E#ﬁ
Tinker 167 ‘1‘;2
TS1 ’ &
16 38.8
CREST 4 12.6
Tinker g gz
TS2 ' ==
9 17.7
CREST 5 12.6
Tinker 282 ?;2
TS3 ' ==
29 26.0
CREST 12 12.6
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WS R INESAF M S E DB ZEA K, HIRBM
BAKRE R GON R —45H; (3) 525 T Tinker XL [H)
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THERARE N e, JF KR T HRZEMH DFT 7
AT S MR a0 R A

HHBhM BL(Supporting Information) %% TS2 il TS3
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