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To qualitatively compare the variation trends of the energies data listed in Tables S1 and
S2 (S3 and S4), the numbers in the two tables are converted into the “charts of variation
trends” in Tables S5 and S6 (S7 and S8), respectively. The energy entry under the structure
AFE(Complex-M,) is replaced by one of the four notations {+, —, 0(+), 0(—)}, depending

on the value of the energy variation (EV),

EV = AE(Complex-M,) — AE(Complex-M,) ,

where Complex-M; and Complex-M, are the structures with elements M; and My as the
central atoms, respectively, and M; is the lighter neighboring element of My of the same
group of elements. The variation trend of Complex-M, is denoted by one of the four symbols
below,

+ if EV € (0.5, —00)
0(+) if EV €]0,0.5]

Symbol =
0(—) if EV e€[-0.5,0)

— if EV € (—o00,—0.5)

Symbols “0(+)” and “0(—)” mean the magnitude of EV is less than 0.5 Kcal/mol., and
are considered to be virtually invariant. Symbols “O(+)” and “0(—)” are interchangeable

7

in interpreting the charts of variation trends. Additionaly, at times symbols “0(+)” and
“O(—)” flexibly regarded as “+” and “—”, respectively. All qualitative comparisons of the
(PtBus)oM™* and (Dipp2DAB)M™2 reactions in the main text are referred to the charts in

Tables (S5 and S6) and (S7 and S8), respectively.

S6



M8 v se owres st £310ue poyIoeds oY} JO PULI} UOIJRLIRA BY) SURSWL F#, [OqUIAS 4
iV Se auwres sI A310us payroads oY) JO PuUaI) UOIIRLIRA B} SURSW ., [OQUIAS ,

+ + + + x + + (=)o - gy

+ - - + + + + + e sy

—_ _ + _ # _ (+)o + _ qied “Emmﬂ

- - + - + + + - % Wegv

+ + + + + + + - AV
THED-IL-04d THED-u[-0dd THED-eD-0id THED-IV-0dd Spewsy FHED-IL-SL THEO-UI-SL THEO-®D-SL THPD-IV-SL SURWY  Uojeles

TH?D-IN-04d s1onpoid VHZD-IN-SI S91e1Sg UOI}ISURILT,
(1L ‘U1 ‘ed IV ‘d = IN) THCO-IN-04d +— VHED-IN-SL <— YH?D + JINe(Engid) : suonoesy  (q)

+ + + + « + + - - iacAv

+ + - + + + + + o R a8y

_ _ T _ Alvo _ + _ qaed hbmmﬂ

- + - + + - + + ox R CAV

+ + + + + + + + qav
VHO-IL-0dd  YHO-UI-0id  VHD-eD-0oid  VHO-IV-0id sqrewoy VHO-IL-SL 'HO-UI-SL 'HO-®D-SL 'HO-IV-SL  SHeWoy  UOeLIeA

YHO-IN-0d1d s1onpoid

THD-IN-SL So1e)s uolisuel],

(IL ‘ur ‘eD 1V ‘d = IN) VHD-IN-01d <— VHD-IN-SL +— "HD + +INe(fngid) : suoroeey (®)

"PUOY)0 () pue dURIIAW (B) [YIM SUOIORAI | NC(Engrd)

91} 10} TS 9[qe], WOIJ PIJIOAUO0D dIe SOIZIoUS PIje[al PUR SIIFISUS UOTIORIIIUL DIJATRUR 91} JO SPUSI) UOTJRLIRA JO SLIRYD o1 ], :GS 9[qRT,



Wl serasus uororIelul orATRUR BYY S dwes ST £519US PoYads 8} JO PUSL) UOIYRLIRA ) SURSUL ., [OQUAS ,

+ + + . + + - - . VAANAY
R)S[9
* - - * VaaNa v
ne
- + + Ay
jur
vaaNdVv
qI0
s1adV
1e98[0
el
- - - - - + + + N dav
Jur
s1adVv

+ + + + + + (—)o —~ Wiy

+ + + + + +
+ + + 1+
o+ + +
+ + + +
M-
+ + + + +
+
£
=)
I
*

4
+
+
4
*
4
|
+
|

VH®D-IL-0id YHCD-UI-0id VHCD-®D-0id VHCD-IV-0id syrewey  VHED-IL-SI VHD-UI-SI YH®D-®DH-SI 'H?D-IV-SL SYIRWeY  UOHRMLERA

VHED-IN-01d s1npoid THED-IN-S.I Se1elS uoljisuel],

(IL ‘ul e 9V ‘d = W) YHZD-IN-04d +— "HD-IN-S.L +— VH®D + ;IN%(fngrd) : suonpesy (q)

+ + + + . + + - - . VaaNAY
1eIs[e
<o%zm v
T
- - - + - N aNCAY

+
+
|
|
|
+
|
|

qio

SLaty
[

ShicchY
e

+ STV
Jul

stV

+ + + - - Wy

+ +
+ + +
+ + +

+ + +
+
+ + +
+
5]

*

\

\

+ +

VHD-1L-04d VHD-uI-01d "HD-eD-01d VHD-IV-01d  syrewsy  YHD-IL-SL YHD-UI-SL THD-®D-SL VHD-TV-SL  SYJeWey  UOHRHEBA

VHD-IN-01d  S1onpoid THO-IN-SI  S91®}S UOHISuRL],

(IL ‘ur ®D IV ‘'d = IN) "HO-IN-01d <— YHO-IN-SL <— "HD + LINe(Engrd) : suonoeay  (e)

"DUL1D (q) pue auryIaW (B) YI1m suolporal | N¢(Engrd) oyl 10} gS o[BI, WOI} POLISAUOD I
suoninired Y(IGN PU® ADON-SIL IO} Pue S9ISI9Ud UOIIIRINUL Y ([5] PUL JI}ATeUR 9} JO SPUAI) UOIYRLIRA JO SIIRYD Y ], 19S 9[qR],



D877 se ewres s1 A310ue peyads oY} JO PUSI} UOIYRLIRA O3 SURSUL F,, [OqUIAS ,

" se aures s1 £31a9ue payroads a9y JO PULI) UOIIRLIRA BY) SURSUWI ., [OQUIAS ,

+ + +
\

A(v

A,v
#w —

+ + +

+ + +

#
#

Wi
¢
490 1S o

¢
qred ‘s o
AV

ICAV

VH®D-9L-04d VH?D-9S-01d

VH®D-S-01d syrewdy VHOD-9L-SL

TH®D-9S-SL

VH®D-S-SI syrewsy

THCO-IN-01J S1onpoidg

VHED-IN-S.L 5078)§ UOIHISURI],

UOIJRLIBA

(d3L @S ‘s ‘O = IN)

VHED-IN-01d +— VHED-IN-SL +— VH?D + o4 W(davaeddi) : suororey  (q)

+ + + Dk - - + Ay

+ + _ T + _ # yjow Jpwmﬂ

- - + o - - (—)o o sy

- - + + + - RECAY

+ + + (+H)o - + qv
VHD-I-0dd T"HD-9S-0dd TVHD-§-0I1d SYRWeYy VHO-L-SL TYHD-9S-SIL THD-S-SIL Silewey uoryerrep

YHD-IN-01d s1onpoid

PHD-IN-SI $9101S TONIsUel],

(3L ‘8 ‘S ‘O = V)

VHD-IN-04d <— VHD-IN-SL <— VHD + o W(dvacddiq) : suonoesy  (e)

"ouAY)0 () pue dueyjowW (B) YIM suordRal ., N (gvacddiq) oy) 10J ¢§ o[qR], WO} PAJIGAUOD dIR
So1810U0 PoYR[AI PUR SAISIOUS UOTPORIIIUI OTJATRUR 91} JO SPUAI} UOTYRLIBA JO SIIRTD oY T, :LS 9[qR],

59



Hlr o se1810us uoorIejul oA [RUR 0Y) S owes s1 £810us poyroads o) JO PUSI} UOIJRLIBA O} SURSW o [OQUAS

(o + + + - - B A INCAY
+ - - - + + VANV
- + + * + - - R INCAY
- + + * + - - * cHqav
- + + * + - - * R
+ - - - + + day
- + + . + - - . 1AV
- + + + - - gy

VH?D-9L-0dd VH?D-9S-01d VH?D-S-01d sNRWY VHD-9L-SL VHYD-9S-SI "H?D-S-SI SYIewoy  UOHRLIRA

THED-IN-01d $1NpoI] VEIZO-IN-S.L S01®1S UOI}ISUR],

(3L °S ‘S ‘O = ) "HD-IN-0id <+— VHZD-IN-S.L +— VH?D + 4+ W(dva?ddiq) : suoroesy (q)

qIo
vaandVv

+ + +
+ ¥eis[

AT
AT

+ + +
+ + +
+ + +
*
+
+ + +
wn
=
=
R
<

+
+
+
*
I
I
+
3
*
w0
=
=
S
<

+ + + - - + MeCAY

THO-0L-01d THD-9§-0dd THO-S-0id Siewey THO-9L-SI 'HO-S-SI 'HO-S-SI SHIewey  UOHRHEA

YHD-IN-04d s1onpoid THD-IN-S.L $0181S UOINSURILT,

(oL ‘@8 ‘S ‘O = ) THO-IN-04d «— THO-IN-SL «— "HD + .+ W(avaeddiq) : suoroesy (e)

QTR0 () PUR SURYISW (B) IIM SUOT)ORII

A+ IN(@Vatddiq) o1 10§ §§ D[R, WOy Pajtoauod are suoniLred VAN Pue ADON-SLH 1)
pue S9ISIoUd UOTIORIUT Y (JF PU® JIJATRUR 9} JO SPUI) UOIJRLIBA JO SIIRYD dYJ, :8S O[qRl,

S10



Table S9: The main governing effects on the varia-
tion trends of the energies listed in the second column
are shown in the third column for the (P¢Bus),M™
reactions with (a) methane and (b) ethene and the
(Dipp:DAB)M ™2 reactions with (¢) methane and (d)
ethene.®

(a) Reactions of (PtBus)aM* with CHy

Structures Energies Main Governing Components
Transition States AEg tiv AFEgir
ABgty AEstr, meth
ETS-NOCV AFE;¢ None
NEDA AE;,¢ AEq,
Products AFreact AEBnt
AFEgir None
ETS-NOCV AE;,¢ AEq,
NEDA AE;; AEy,

(b) Reactions of (PtBug)2M™ with CoHy

Structures Energies Main Governing Components
Transition States AEBq tiv AFEgir
AFEgir None
ETS-NOCV AFE;,¢ None
NEDA AE;,¢ AFEqgtat and AE
Products AFEreact AEiq¢
ABgtr AEstr, carb
ETS-NOCV AE;4 AEggtat and AE,
NEDA AEj; AEg,y,

(c) Reactions of (Dipp2DAB)M™*2 with CHy

Structures Energies Main Governing Components
Transition States AEB,ctiv AE;q¢
ABgtr ABgtr, meth
ETS-NOCV AFE;;+ None
NEDA AFE; ¢ None
Products AFEreact AEin
ABgty AEstr, carb
ETS-NOCV AFE;,¢ AFEggtat and AE
NEDA AE;,¢ None

(d) Reactions of (Dipp2DAB)M™T2 with CoHy

Structures Energies Main Governing Components
Transition States AEBq tiv None
ABgty ABgtr, carb and ABgty oth
ETS-NOCV AFE;,¢ AFEggtqt and AE
NEDA AE;,¢ AFEggtat and AE
Products AFEreact None
ABgtr AEstr, eth
ETS-NOCV AE;¢ AFEq gt at and AE,
NEDA AEj; AEgy,

¢ AE, tivy and AFEye,ct are the activation energies and reaction enthalpies
of the transition states and products, respectively. All other notations in
the table are explicated in Egs. (1) and (3) of the main text.



