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O ABSTRACT 0O

The mechanism of formation of the active compounds of the [Ni(n3-allyl)(PMes)]*
complex was investigated using the B3LYP method with basis sets 6-31+G(d), 6-311+G
(d, p), and def2-SVP for all atoms except for the nickel atom (for it, two basis sets
LANL2DZ and def2-TZVP were used). The theoretical results show that the formation of
the metallic hydride compounds (L,Ni — H) requires very high Gibbs free energy, while
the formation of the alkyl metal species (L,Ni—-CH,CHj3) is more thermodynamically
stable. The metallic hydride compounds can represent an active compounds, but the alkyl
metal component acts as the active catalyst. The theoretical results indicate that all the
intermediates and transitions states formed along the catalytic cycle of ethen dimerization
by the active alkyl catalyst are thermodynamically stable. When using the B3LYP/def2-
SVP level of theory with the def2-TZVP basis set for Ni, it was observed that it exhibited
lower changes in the free Gibbs energies along the catalytic cycle than other levels of theory.

Keywords: Density functional theory (DFT) methods, ethen dimerization, intermediates,
transitions states, active species, metal-catalyzed polymerization.
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Eo Georr E, Georr Eo Georr
Ethen -78.594923 0.030230 -78.617152 0.029915  -78.5332786 0.029808
1,4-Pentadiene -195.317340  0.084354  -195.367076  0.083668  -195.167895 0.083612
a -747.541642  0.146990  -747.638294  0.145590  -2086.36505 0.145498
b -826.188273  0.200021  -826.307436  0.198153  -2164.956940  0.198909
TS(b-c) -826.168895  0.201480  -826.286518  0.199823  -2164.936366  0.199913
c -826.185162  0.201635  -826.302210  0.199938  -2164.949693  0.199513
TS(c-d) -826.146873  0.198241  -826.264399  0.196424  -2164.908058  0.195922
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e' -826.136872  0.192092  -826.259478  0.190696  -2164.905125  0.190347
f -630.708802  0.087052  -630.781956  0.086922  -1969.623348  0.086730
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compound LANL2DZ LANL2DZ def2-TZVP
E, Gear E Geor E, Geor
m -904.7918681 0.249299 -904.934042 0.244851 -2243.504121 0.247838
TS(m-n)  -904.780113 0.245940 -904.925144 0.244690 -2243.496999 0.245170
n -904.797820  0.248954 -904.9400750 0.246755 -2243.509115 0.247257
h -709.405745 0.141121 -709.4966210 0.139913 -2048.260757 0.135125

Siaall JS5 A1 Sl Al 3yal) G il it il [(3) Jsaall] Auspalall bl ) Taliiad o

e JSi jluse dlaial e cuill oda (4) JSEN gy o[(4) Jsandl] ) dsall G leny JLSIY) Lol
A Msall (e ledy el

Al 40 3k Aabugy dysuaal) (3) hbdall lad LAY Lddl) Siaal) (865 40Y (AG) Losdl) 3ad) Gann LBl )i 1(4) Jgaad)

B3LYP® mPW1K [20]

compound 6-31+g(d)" 6-311+g(d,p)" def2-SVP° 6-311+g**"
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c -63.5 -58.6 -71.3 -57.7
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0 T8{o-p) P
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Al @b Al (mad Goorr s (B A SN clilal) o8 (5) Jsaall Jiays cdgpinll 5y50ll oda cligSal
o2y Apindl 550l alial e syad) uua 48Ua Clpat aaa3 5 (5) sandl il ) Daliiads Ayl 5)50 o3¢
Siad) (pa ley Appanll 550l dlvia) e il 13a (6) JSEl mazmsyy o[(6) saal] LSV Badill Gasall
LY L)

e J 0sSal i () s Laa el Aghall Al JS ) B bt Sasd) ) Y e g bl s
Lsmenall Ll gl Aal) Al 3 400l sl Lalill (e Alall USan Joatll 138 3y «TS(i-j) lawy) 4l
=79.6 kd/mol s 35l (uus A3l

LY Byan AT clighal 298,15 K dayall die Ui &gl Gooprg «GD2 gannall g B, duig Sy clillal) ab :(5) Jgand)

B3LYP/6-31+G(d) B3LYP/6-311+G(d,p) B3LYP/def2-SVP
compound LANL2DZ LANL2DZ def2-TZVP
EO GCOFF EO GCOI’I’ EO GCOI’I’

i -788.064262 0.193176 -788.176134 0.191073 -2126.863275 0.191278
TS(i-j) -788.057120 0.194666 -788.166985 0.192864 -2126.853220 0.191958

j -788.076282 0.196571 -788.185680 0.194925 -2126.868828 0.194684

0 -866.713738 0.246122 -866.846676 0.243972 -2205.454218 0.244853
TS(0-p) -866.699979 0.244006 -866.835850 0.241833 -866.835850 0.241833

p -866.718262 0.245484 -866.851297 0.243614 -866.851297 0.243614
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Adlita (g Adabugs dggunal) (4) Jabdall b (i) Spa AV (AG) dppedl 3ad) (upa 48Ua i :(6) Jgaad)

B3LYP? mPW1K [20]
compound 6-31+g(d)" 6-311+g(d,p)" def2-SVP° 6-311+g**"
h 0.0 0.0 0.0 0.0

i -109.7 -107.9 -112.6 -82.8
TS(i-j) -87.0 -79.2 -84.4 -67.8
j -132.3 -122.9 -118.3 -118.0
0 -193.3 -187.8 -201.6 -166.1
TS(0-p) -162.7 -165.0 -185.3 -141.4
p -206.8 -200.9 -213.3 -181.2
.08 83 Jal e TZVP © .08 853 Jal 5w LANL2DZ g ® .GD2 (oaappil il pea ®
bk
20 —mPWIK /6-311+G**[20]
: —B3iLYP/def2-SVP
—B3LYP/6-311+G (d,p)
TS(i) —B3LYP/6-31+G(d)
i -7 678
=l -82.8 -84.4
E -112.6 79.2 i
" -107.9 870 e, N
= 11007 1180, TS(i-j)
S 1183 %, ——
=~ -]_:2.!; l"". ___.-" = 14 ]..4I l"'._‘
1323 0 7 1853
-166.1 -165.0 RN
-204.6 -162.8 -181.2
-187.8 213.3
-193.3 -200.9
-206.8

reaction coordinate
A il el Aalugs (Y Bl Jo il A8 Muia) o 5al) Gums clills 43 :(6) JSal
e LSV Lozl sl dlalug i) spe) daad) syl GlUe aaea of (6) JSEN e LDl
el Adae qupeds 3 D€ oo Tatil) Samal) 138 (g5 el (Lualisngays

t@luagilly clalitiuy)
Tl oSl JRa & s ¢ [Ni(nP-allyl)(PMes)] ™ siaadl g fesy Alatil) culisSall Jo T s s
Lalll e D) STh LSV Taal) s Sal IS 0585 Gea 4 LSsalinsasi aae 5ot T sapngd)
didanl LSl pan a3 6lld e Sad ) e 8 has Tl Sine 90 53 OF OSars cASualiga il
O ia gl LSialinnga i 3 jiiee yanall 13 ddabugy (Y] Byannd djiall 3ysall e A AERY) YA,
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