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1. Stabilization energies and cooperative energies

On the basis of equation (3) of the paper, the larger difference between the stabilization energy
(SE) of the ternary (or three-component) system and the sum of the stabilization energies of related
binary (or two-component) systems corresponds to a higher degree of cooperativity or
anticooperativity of bonds. Figure 1 of the paper, illustrates the change in energies upon the
formation of AB, BC and ABC systems. As can be seen, in agreement with Hess’s law, the sum
of -BDEs for A—B and AB—C bonds is equal to that of —-BDEs for B—C and A—BC bonds and both

are equal to the total stabilization energy of a noncyclic ABC system (SEagc)-

Thus, we have:

—BDEj-_p + (—BDEpp-¢) = —BDEg_¢ + (—BDEs_pc) (S1)
SEac = ~BDEA_p + (—BDEag_() (S2)
SEasc = —BDEp_¢ + (—BDEa_gc) (S3)

The following equation can also be derived from the summation of egs. (S2) and (S3):
SEapc = 1;{(—BDEAB—C) +(—BDE4_gc)+(—BDE,_p)+(—BDEg_¢)} (S4)

As it is clear in the Figure 1 of the paper, —BDE,_g and —BDEg_ are equal to SE,g and SEg,

respectively, and we can rewrite the eq. (S4) as below:
1
SEapc = 5 {~BDEap_¢ + (=BDE4_gc) + SEap + SEgc} (S5)

Obviously, the total stabilization energy of any ABC system, as it is clear in Figure 1, can be
simply calculated by the known eq. (4) of the paper. However, the useful eq. (S5), proves that the
total stabilization of any noncyclic ABC system regardless of what is the nature of the bond
between A, B and C, directly depends on the stability of corresponding AB and BC systems and
also BDEs of new bonds A—BC and AB—C bonds.

Thus, the difference between the stabilization energy of an ABC system and the sum of the

stabilization energies of corresponding AB and BC systems depends only on the values of BDEs
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for A—BC and AB—C bonds. In other words, when the BDEs of new A—BC and AB—C bonds are
larger than those of previous A—B and B—C bonds, the stabilization of the ABC system will be
larger than the sum of stabilization energies for AB and BC systems. Now, let us to rewrite eq.
(S1) as below:

BDE,_g—-BDEj_gc = BDEg_c - BDEjg_c (S6) (This is the equation 7 of the paper)
Let us name the left and right sides of the above equation as ABDE,_g and ABDEg_c, respectively.
Now the question is “what can we name the equal differences given by the eq. (S6)?”
We have:
ABDE,_g = BDE5_g-BDEs_gc
= [Ea + Ep — Eap] — [Ea + Ec —Easc]
= Eapc —Epc —Eap + Ep
Also:
ABDEg_c = BDEg_¢c —BDEpg_¢
= [Eg + Ec —Epc] — [Eas + Ec — Eagc]
= Eapc —Epc —Eap + Ep

We note that the above results once again confirm the eg. (S6).

On the other hand, we can rewrite/expand the eq. (3) of the paper, as below:
Ecoop = [Eac —Ea —Eg — Ec] -
[(Eag — Ea —Eg) + (Epc — Ep —Ec)]

= Eapc —Epc —Eap t+ Eg

The result is the same with that we obtained above for ABDE,_g or ABDEg_ differences. Thus,

now we can write the important equation below:

Ecoop = ABDEA_g = ABDEg_¢ (S7) (This is the equation 8 of the paper)

S6



2. Interaction energies and cooperative energies

The total interaction energy of an ABC triad can be calculated using the following known
equations (see ref.103 of the paper)

IEfta = Eapc — (EAPC + ESBC + E2BC) (S8)
IEABS = (IEABC + IEABS. + IE4BE + IEABC, (S9)

The most important advantage of eq. (S9) corresponds to the fact that we can understand better the
origin of the cooperativity of bonds as we have a complete list of direct interactions.

We have to admit that in the present work, we accidentally found that the following simple
equations also give the total interaction energy of a noncyclic ABC system (i.e. the egs. (S8) to

(S11) all give the same value).

IEABC = IEABS + IEAEC, (S10)

IEABC = IEABE + IEABS, (S11)

However, we could also simply prove the above equations. Let us to rewrite the eq. (S10) as below:

IE?QES] — [EABC EABC EQBC] + [Eﬁ]]??:((:: EABC EéBC]

— ABC ABC ABC
- E:ABC E EB - EC

Yes, it is the same as eq. (S8). Similarly, we can rewrite the eq. (S11) as below:

IEZOPEEI — [EABC EQBC _ ECABC] + [EABC _ EABC EABC

ABC _ ABC _ ABC
=Eapc —Ex —Ep " —Eg

Thus, once again we arrived at eq. (S8), indicating that egs. (S8) to (S11) all give the same value
for the total interaction energy of a noncyclic ABC system. Obviously, from egs. (510) and (S11)

we can conclude that always there is the following relation:

IESBE + IEABS. = IERBS + IEARC, (S12)
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Now we can rewrite it as below:

IEABS. — IEABS = IEAEC. — IEABS (S13) (This is the equation 9 of the paper)
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Table S1 Corrected® bond dissociation energies, cooperative energies (kcal/mol) and the percentages of changes in the bond
dissociation energies of A—B and B—C bonds upon the formation of HsN...CIF...HF (1) and H3N...HF...CIF (1°) triads
compared here®

Compound —BDE, ; —BDE, ¢ —BDEg_¢ —BDEsg_¢ SEspc® Ecoop”  %ABDE, ¢ %ABDEg_®

1 -17.84 —25.65 —-1.65 -9.46 -27.30 -7.81 44% 473%
—17.42 -25.18 —1.64 -9.40 -26.82 -7.76 44% 473%
1 -14.15 -20.35 -2.45 -8.65 -22.80  -6.20 44% 253%
-13.87 -20.27 -2.78 -9.18 -23.05  -6.40 46% 230%

a Corrected for basis set superposition errors (BSSE).

b The data calculated at BP86-D3(BJ)/aug-cc-pVTZ level of theory are shown as plain text and those at BP86-D3(BJ)/def2-TZVP level are in italic.
¢ See eqs. (4) of the paper, (52), (S3), (S4) and (S5) that all give the same value.

dSee eqs. (3) and (8) of the paper.

© ABDE,_j = ;iE—"' x 100, %ABDEg_ = }lEDE—p' x 100
‘A-B B-C
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Table S2. Corrected? calculated values for interaction energies (IE, kcal/mol) between the defined fragments frozen
in the optimized geometry of the HsN...CIF...HF (1) and HsN...HF...CIF (1) triads compared here, and related

IEfRS1 AlEcoop, %AIE, g and %AIEg_¢ values®

total’
Compound  IEABS IEABE.  IEABE  IEAEC. IEABCc  AIE.,,°  %AIE, g° %AIEg °
. 2428 3323 194 -10.89 3517 895 37% 461%
—23.11 -3227 168 -10.84 3395 9.6 40% 545%
1 -18.72 -27.31 222 -10.81  -29.53  -8.59 46% 387%
-22.85 -31.89 -1L71 0 -10.75 -33.60  -9.04 40% 529%

2 Corrected for basis set superposition errors (BSSE).

bThe data calculated at BP86-D3(BJ)/aug-cc-pVTZ level of theory are shown as plain text and those at BP86-D3(BJ)/def2-TZVP level are in italic
¢ See the egs. (S8), (S9), (510) and (S11) that all give the same value.

4 See eq. (10) of the paper.

C UAIE,_p = 2Eeoorl 0 100, %A, .

"~ g

_ |ATEcoop|
1£42¢

x 100
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Table S3. The calculated A-B and B—C bond lengths (A), in the triads 1 to 6
and related dyads, along with their differences (Ar)

Mp2/aug-cc-pVTZ

compound Triad Dyad Ar

r'a-B) T@®-0 r'a-B) T'(B-C) Ara-p) Arg-c)
1 2.074 1.646 2.232 1.939 —0.158 -0.293
2 1.748 1.552 2.361 1.773 -0.613 -0.221
3 1.769 1.552 1.835 1.773 —0.066 -0.221
4 2.423 2.317 2.538 2.411 -0.115 -0.094
5 2.024 1.765 2.044 1.990 —-0.020 —-0.225
6 1.743 1.966 1.712 1.933 0.031 0.033
BP86-D3(BJ)/aug-cc-pVTZ
1 2.104 1.601 2.208 1.924 -0.104 -0.323
2 1.723 1.409 2.350 1.668 —0.627 -0.259
3 1.706 1.555 1.778 1.668 -0.072 -0.113
4 2.392 2.280 2.469 2.387 -0.077 -0.107
5 2.008 1.646 2.033 1.825 —0.025 -0.179
6 1.752 1.942 1.712 1.904 0.040 0.038
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Table S4. Corrected?® bond dissociation energies, cooperative energies (kcal/mol) and the percentages of
changes in the bond dissociation energies of A-B and B—C bonds upon the formation of triads studied
here®

Compound _BDEA_B _BDEA—BC _BDEB—C _BDEAB—C SEABCC ECOOpd %ABDEA_Be %ABDEB_Ce

1 -17.42 -25.18 —1.64 -9.40 -26.82 -7.76  44% 473%
-9.70 -15.19 -1.69 -7.18 -16.88 -5.49 56% 325%
2 —4.84 -9.74 -9.43 —14.33 -19.17 —4.90 101% 52%
—4.68 -8.05 -8.11 -11.48 -16.16 -3.37 2% 41%
3 —7.41 —-10.75 —8.82 -12.16 -19.57 334  45% 38%
—6.82 -9.46 -8.10 -10.74 -17.56 -2.64 39% 33%
4 -12.40 -16.10 -2.39 —6.09 -18.49 -3.70 30% 155%
—6.18 -8.34 -1.38 -3.54 -9.72 216 35% 156%
5 -17.73 -20.96 -3.79 -7.02 -24.75 -3.23 18% 85%
-17.65 -20.32 -3.47 —6.14 -23.80 -2.67 15% 77%
6 -30.90 -24.19 -38.54 -31.83 -62.73  6.71 22% 17%
-30.55 —24.66 -36.18 -30.29 —60.84 5.89 19% 16%

2 Corrected for basis set superposition errors (BSSE).

b The data calculated at BP86-D3(BJ)/def2-TZVP level of theory are shown as plain text and those at MP2/def2-TZVP level are
in bold.

¢ See eqs. (4) of the paper, (S2), (S3), (S4) and (S5), that all give the same value.

d See egs. (3) and (8) of the paper, that both give the same value.

¢ %ABDE,_p =B|]F;E—p| x 100, %ABDEg_¢ =ILEDE—"| X 100
A-B B-C
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Table S5. Corrected?® calculated values for interaction energies (IE, kcal/mol) between the
defined fragments frozen in the optimized geometry of the triads studied here, and related
IEfoist, AlEcoop, %AIE,_g and %AIEg_c values®

Compound [ELBS  IERBS. IEBBE  IEARC. IE&BCc  AlE.0p!  %AIEs_g®  %AIEp_(°

1 -23.11 3227 -1.68 -10.84 -3395 -9.16 40% 545%
-12.88 -20.81 -1.21 -9.14  -22.02 -7.93 61% 655%
2 -20.13  -29.00 -9.83 -18.70 -38.83 —8.87 44% 90%
-19.12 -26.62 -7.98 -15.48 -34.60 -7.50 39% 94%
3 -7.68 -1138 948 -13.18 -20.86 -3.70 48% 39%
—-6.89 985 823 -11.19 -18.08 -2.96 43% 36%
4 -14.50 -18.77 226  —6.53 -21.03 -4.27 29% 189%
-6.70 -9.67 -115 412 -10.82 -2.97 44% 258%
5 -17.87 2142 382 737 2524 -3.55 20% 93%
-17.79 -20.74 -3.33 -6.28 -24.07 -2.95 17% 89%
6 -31.16 -24.61 -38.72 -32.17 -63.33 6.55 21% 17%
-30.84 -25.07 -36.35 -30.58 -61.42 5.77 19% 16%

a Corrected for basis set superposition errors (BSSE).
b The data calculated at BP86-D3(BJ)/def2—TZVP level of theory are shown as plain text and those at MP2/def2-
TZVP level are in bold.
¢ See the egs. (S8), (59), (510) and (S11) that all give the same value.
d See eq. (10) of the paper.
C YAIE, 5 =200l o 100, 9pATE,_ = [2MEeoonl 100
IEABS IEAB

C
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Table S6. Uncorrected bond dissociation energies, cooperative energies (kcal/mol) and the percentages of
changes in the bond dissociation energies of A-B and B—C bonds upon the formation of triads studied here?

Compound —BDE,_g —BDEs_pc —BDEg_c —BDEsp_c SEapc® Ecoop® %ABDE,s p® %ABDEg_*
1 ~18.01 ~25.86 ~1.78 —9.63 —27.64 —7.85  44% 441%
~11.82 ~18.28 ~2.59 -9.05 2087 —6.46 55% 249%
5 —4.66 ~10.73 -9.02 ~15.09 ~19.75 -6.07  130% 67%
~6.29 ~11.16 -9.03 ~13.90 ~20.19 487 77% 54%
3 —7.84 ~11.27 -9.02 ~12.45 2029 -3.43  43% 38%
~7.95 ~10.73 -9.03 ~11.81 ~19.76 -2.78  35% 31%
4 ~12.27 ~15.94 —2.74 —6.41 ~18.68 -3.67  30% 134%
~8.60 ~11.36 -3.37 ~6.13 ~1473 276 32% 82%
5 ~18.36 ~21.69 —4.03 ~7.36 2572 333 18% 83%
~18.67 ~21.64 —4.18 ~7.15 2582 -2.97 16% 1%
6 -31.56 2478 -39.01 ~32.23 6379 6.78  21% 17%
-31.31 ~25.56 -36.83 ~31.08 6239 575 18% 16%

aThe data calculated at BP86-D3(BJ)/aug-cc-pVTZ level of theory are shown as plain text and those at MP2/aug-cc-pVTZ level are

in bold.

b See egs. (4) of the paper, (S2), (S3), (S4) and (S5), that all give the same value.
¢ See egs. (3) and (8) of the paper, that both give the same value.

4 %5ABDE,_ = fm—*" x 100, %ABDEg_c =
A-B

LEcoonl 100

BDEg_c
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Table S7. Uncorrected calculated values for interaction energies (IE, kcal/mol) between the

defined fragments frozen in the optimized geometry of the triads studied here, and related IE?OESI,
AlEco0p, Y%AIE,_g and %AIEg_¢ values®

Compound IEABS  IEABS.  IERBE  IERBC.  IEABC®  AlE.,0p¢  %AIE,_g¢ %AIEg (¢
1 2448 3341 211  -11.04 3552 893 36% 423%
-16.38 2433 260 -10.55 2693 -7.95 48% 306%
5 2139 3042 1018 -1921  —40.60 -9.03 42% 89%
—22.15  -29.60  -9.14 -16.59 3874 -7.45 34% 82%
3 -8.21 -11.93 973 1345 2166 -3.72 45% 38%
-8.14  -11.08 926 -1220 2034 -2.94 36% 32%
4 ~14.47 1855 274 682 2129 —4.08 28% 149%
955 1272 334 651  -16.06 -3.17 33% 95%
5 ~18.53 22,16  —4.09 -7.72 2625 -3.63 20% 89%
-18.83 -21.88 424 729 2612 -3.05 16% 2%
6 -31.78  -25.17  -39.19 3258 6436  6.61 21% 17%
—31.57 2596  -36.98 -31.37 6294 5.1 18% 15%

a The data calculated at BP86-D3(BJ)/aug-cc-pVTZ level of theory are shown as plain text and those at MP2/aug-cc-
pVTZ level are in bold.

¢ See the egs. (S8), (59), (S10) and (S11) that all give the same value.

d See eq. (10) of the paper.

4 %AIE,_p =200l 100, 0pAIE,

e

_ |AIEcoop|
E=:

X 100
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Table S8. Uncorrected bond dissociation energies, cooperative energies (kcal/mol) and the percentages of
changes in the bond dissociation energies of A-B and B—C bonds upon the formation of metal complexes
studied here?

Compound ~ —BDE,_p —BDEs_pc —BDEg_c —BDEsg_c SEapc®  Ecoop® %ABDE, p® %ABDEg_(°

; —200.55 -210.08  —48.02 ~57.55 25810 -9.53 5% 20%
-19148 21055  -34.95 ~54.02 —24550 -19.07 10% 55%

g - - - - -322.06 - - -
- - - - -456.36 - - -

0 -35.14  -20.05 -58.15 —43.06 ~7820  15.09  43% 26%
-36.31  -23.33 ~64.91 -51.93 -88.24 1298  36% 20%

10 -20033  -169.11  -75.71 —44.49 —244.82 3122  16% 41%
-183.24 -167.59  -59.81 —44.16 22740 1565 9% 26%

1 —94.80  -52.48 22934 -187.02  -281.82 4232  45% 18%
-86.55  —59.88 22116  -194.49  -281.04 26.67 31% 12%

12 ~198.76  —63.17 -525.54  -389.95  -588.71 13559 68% 26%
-176.22  —64.55 -516.08 40441  -580.63  111.67 63% 22%

a The data calculated at BP86-D3(BJ)/def2-TZVP level of theory are shown as plain text and those at MP2/def2-TZVP level are in
bold.

b See eqs. (4) of the paper, (S2), (S3), (S4) and (S5), that all give the same value.

¢See eqs. (3) and (8) of the paper, that both give the same value.

4 9ABDE,_g =£E—p| x 100, %ABDEg_c =]|3EDE—"I x 100
A-B B-C

e The MP2 calculations for this compound were performed using the def2—SVP basis set.
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Table S9. Uncorrected calculated values for interaction energies (IE, kcal/mol) between the defined

fragments frozen in the optimized geometry of metal complexes studied here, and related IE

AlE coop, YAIE,_g and %AIEg_¢ values®

ABC
total’

Compound IEABS  IEABS. IERBS  IEABC.  IEABEP  AlE,0p°  %AIE,_g¢  %AIEp_ ¢
- —200.67 21232 4647 5812 25879  -11.65 6% 25%
-191.61 -210.97 -3523 5459 24620 -1936  10% 55%
g —146.12  —208.04 -152.61 21453 -360.65 —61.92  42% 41%
24034 -266.09 —243.19 -268.94 —509.28 -25.75  11% 1%
9 3577 -23.62 —58.07 4592  —81.69 12.15 34% 21%
3598 2713 —64.75 5590  —91.88  8.85 25% 14%
10 20252 -171.87 -75.88 4523  —247.75  30.65 15% 40%
-184.91 -169.50 —60.04 —44.63  -229.54 15.41 8% 26%
1 9438  -53.54 22931 —188.47 -—282.85  40.84 43% 18%
-86.10 —61.08 22092 -19590 -282.00  25.02 29% 1%
D 19732 —66.01  —525.08 —393.77 —591.09 13131 66% 25%
-174.24 —67.63 51492 40831 58255 106.61  61% 21%

2 The data calculated at BP86-D3(BJ)/def2-TZVP level of theory are shown as plain text and those at MP2/def2-TZVP level are

in bold.

b See the egs. (58), (S9), (S10) and (S11) that all give the same value.

¢ See eq. (10) of the paper.

dHAIE,_p =

= |AIEC°0P|
e

X 100, %AIEg_¢

- |AIECUOD|

ABC
IEg_¢

X 100

e The MP2 calculations for this compound were performed using the def2—SVP basis set.
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Table S10. Uncorrected bond dissociation energies, cooperative energies (kcal/mol) and the percentages of
changes in the bond dissociation energies of A-B and B—C bonds upon the formation of triads studied here?

Compound  —BDE, g —BDEj pc —BDEg_¢ —BDEapg_c SEac®  Ecoop® %ABDE,_ g %ABDEg (°

1 -18.39 —26.32 -2.12 —-10.05 -2844 793  43% 374%
-11.48 -17.73 —2.22 -8.47 -19.95 -6.25 54% 281%
2 -5.16 -10.28 -9.84 —-14.96 -20.12 512 99% 52%
-5.50 -10.17 -8.84 -13.51 -19.01 —4.67 85% 53%
3 -7.98 —-11.40 -9.23 —-12.65 -20.63 342  43% 37%
—7.44 -10.23 -8.84 -11.63 -19.07 -2.79 37% 32%
4 -13.33 -17.17 -2.90 —6.74 -20.07 -3.84 29% 132%
-8.04 -10.58 -1.99 —4.53 -12.57 254 32% 128%
5 -18.13 -21.39 -3.89 -7.15 -2528  -3.26 18% 84%
-18.22 -20.95 -3.69 —6.42 -24.64 -2.73 15% 74%
6 -30.97 —24.28 -38.69 -32.00 -62.97  6.69 22% 17%
-30.74 —24.92 -36.44 -30.62 —-61.36  5.82 19% 16%

2 The data calculated at BP86-D3(BJ)/def2-TZVP level of theory are shown as plain text and those at MP2/def2-TZVP level are in
bold.

b See egs. (4) of the paper, (S2), (S3), (S4) and (S5), that all give the same value.

¢ See egs. (3) and (8) of the paper, that both give the same value.

¢ %ABDE,_g =£E—P| x 100, %ABDE_( = liEDE—P' x 100

A-B B-C
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Table S11. Uncorrected calculated values for interaction energies (IE, kcal/mol) between the defined

fragments frozen in the optimized geometry of the triads studied here, and related IE
%AIEA—B and %AIEB—C values®

ABC
total” AIEcoopr

Compound IEABS  IERBS.  IEABS  IEAEC. IEABSY  AlEcop°  %AIE, g%  %AIEg (¢
1 2416 3328 230 1142 3558 -9.12 38% 396%
-15.09 2298 211  -10.00 -25.09 -7.89 52% 374%
5 -20.57 2948 1031 -19.22 3979  -891 43% 86%
2098 -28.55 890 -1647 -3745 -7.57 36% 85%
3 829 1200 -9.92  -13.63 2192 371 45% 37%
-7.58 -10.55 —9.04 -12.01 -19.59 -2.97 39% 33%
4 -1552  -19.77 -2.85 -7.10  -22.62 425 27% 149%
-8.82 -11.75 -191 484  -13.66 -2.93 33% 153%
5 -1828 -21.84 393 749 2577 -3.56 19% 91%
-1836 2131 -3.59 654 2490 -2.95 16% 82%
6 3122 2470 3888 -3236 6358  6.52 21% 17%
-31.02 2535 -36.60 -30.93 —61.95 5.67 18% 15%

a The data calculated at BP86-D3(BJ)/def2-TZVP level of theory are shown as plain text and those at MP2/def2-TZVP level

are in bold.

b See the egs. (S8), (S9), (510) and (S11) that all give the same value.

¢ See eq. (10) of the paper.
X 100, %AIEg_c

- |AIE coop|
TR

dAIE,_p

- |AIEcoop|

ABC
IEgZ¢

X 100
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Table S12. The theoretical® and available experimental® A-B and B—C bond lengths (A) in
triads along with Ar values¢, and also theoretical A-B and B-C bond lengths (A) in related
dyads

Bond length
Compound  BP86-D3(BJ)/def2-TZVP

Triad Related dyad Ar

F(aA-B) €XP. I(g-c) €XP. ra-B) T'e-o _Ara-p Are-o
7 1.827 - 1.762 - 1.803 1.847 0.024 —0.085
8 1.651 1.667 1.649 1.665 - - - -
9 1.839 - 2.428 - 1.705 2.348 0.134 0.080
10 1.887 1.888 1.903 1.897 1.871 1.880 0.016 0.023
11 2.115 2.074 1946 1.977 2.047 1.914 0.068 0.032
12 2.167 2.120 2.072  2.044 2.138 2.156 0.029 —-0.084
MP2/def2-TZVP
7 1.740 - 1.706 - 1.753 1.876 -0.013 -0.170
8 - 1.667 - 1.665 - - - -
9 1.836 - 2374 - 1.691 2.297 0.145 0.077
10 1.854 1.888 1.884 1.897 1.858 1.892 -0.004 —-0.008
11 2.056 2.074 1913 1.977 1.987 1.873 0.069 0.040
12 2.106 2.120 2.020 2.044 2.029 2.091 0.077 —-0.071

@ The data obtained at BP86-D3(BJ)/def2-TZVP and MP2/def2-TZVP levels of theory.
® For experimental data see refs. 108-111 in the paper.

€ Ar = Ttrjad — Tdyad
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Table S13. Corrected calculated values for interaction energies in the optimized
structures of AB and BC dyads related to triads 1 to 6 studied in this work at different
levels of theory

Related ABC BP86-D3(BJ)/aug-cc-pVTZ MP2/aug-cc-pVTZ

Complex IEA—B IEB—C IEA—B IEB—C
1 -21.21 —1.68 -12.75 -2.03
2 -6.17 -9.25 -6.75 -8.76
3 -7.93 -9.26 —7.48 -8.76
4 —13.80 —2.66 -7.38 -1.80
5 —18.08 -3.93 —-18.06 -3.81

6 -31.98 -39.08 -31.13 -36.62
BP86-D3(BJ)/def2-TZVP MP2/def2-TZVP

IEx-B IEg_c IEA-B IEg_c
1 -21.21 -2.03 -11.09 -1.71
2 -5.73 -8.81 —6.06 -8.27
3 —7.63 -9.25 —6.93 -8.27
4 —14.04 -3.74 —6.65 -1.39
5 —17.85 -3.87 -17.77 -3.60

6 -31.52 —38.88 -31.15 -36.47
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Table S14. Corrected calculated values for interaction energies in optimized
structures of AB and BC metal complexes related to compounds 7 to 12

studied here

BP86-D3(BJ)/def2—TZVP

MP2/def2-TZVP

Compound Ex_p IEp_c Epp 1B c
7 ~199.19 47,59 18523 32.80
8 - - - -

9 —-42.62 —58.87 -42.28 —-63.23
10 -202.09 -76.28 —180.96 -58.13
11 -96.77 -227.98 -83.61 -214.84
12 -203.45 —-521.98 -177.79 —-510.29
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Table S15. Calculated values for deformation (strain) energies (Es, kcal/mol) of
interacted A, B and C species in the ABC triads 1 to 6 and the related AB and BC
dyads studied in this work

BP86-D3(BJ)/aug-cc-pVTZ
c d ABC triad Related AB dyad Related BC dyad
OMPOUNT TpeABC pgABC  RgABC oA RAP  ESEC  EsEC
1 0.55 6.91 0.42 0.42 2.94 0.02 0.02
2 18.54 2.30 0.00 1.86 0.02 0.42 0.00
3 0.47 0.89 0.00 0.21 0.02 0.42 0.00
4 0.38 2.03 0.19 0.33 1.28 0.00 0.06
5 0.13 0.36 0.03 0.08 0.04 0.07 0.00
6 0.31 0.00 0.26 0.57 0.00 0.00 0.34
MP2/aug-cc-pVTZ
1 0.29 5.55 0.22 0.13 1.67 0.02 0.00
2 17.66 0.90 0.00 1.57 0.01 0.17 0.00
3 0.24 0.34 0.00 0.11 0.02 0.17 0.00
4 0.10 1.15 0.08 0.05 0.52 0.00 0.02
5 0.10 0.17 0.03 0.07 0.05 0.07 0.05
6 0.33 0.00 0.22 0.55 0.00 0.00 0.29
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Table S16. Calculated values for deformation (strain) energies (Es, kcal/mol) of
fragments in the ABC metal complexes 7 to 12 and the related AB and BC metal
complexes studied in this work

BP86-D3(BJ)/def2—TZVP

Related AB Related BC
ABC complex
Compound complex complex
B EsfP  EsAC  Esf®  Esf®  EsiC  EsEC
7 0.35 0.00 0.29 0.90 0.00 0.00 0.09
8 6.97 24.80 6.82 - - - -
9 2.60 0.15 0.74 7.40 0.23 0.37 0.83
10 2.44 0.00 0.48 3.52 0.00 0.00 1.29
11 0.83 0.00 0.19 2.54 0.00 0.00 0.19
12 0.86 0.00 1.53 4.95 0.00 0.00 3.50
MP2/def2-TZVP
7 0.42 0.00 0.28 0.10 0.00 0.00 0.42
8 8.83 35.25 8.83 - - - -
9 2.57 0.54 0.52 7.87 0.38 1.69 0.56
10 1.76 0.00 0.38 2.42 0.00 0.00 0.81
11 0.80 0.00 0.16 2.31 0.00 0.00 0.21
12 0.84 0.00 1.09 4.92 0.00 0.00 3.19

3 In this case, the calculations for this compound were performed using the def2-SVP basis set.
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Table S17. Corrected calculated values?® for interaction energy (IE°,
kcal/mol) and stabilization energy (SE, kcal/mol) between the A and
C species in the ABC triads 1 to 6

aug-cc-pVTZ
Compound BP86-D3(BJ) MP2

P [EABS  SEARC IEABS  SEARC
1 -0.72 +0.25 —0.81 -0.30
2 —-1.34 +17.21 —1.44 +16.22
3 —0.95 -0.47 -0.96 -0.72
4 -0.41 0.16 —0.48 —-0.30
5 —0.98 —0.82 -1.01 —0.88
6 +1.15 +1.73 +1.01 +1.56

2 We, ourselves, do not believe that the data in this Table represent the actual values
of the stabilization energy or interaction energy of A...C pair frozen in the structure
of ABC systems (the nature and strength of the interaction of two species A and C,
where B exists and has isolated them, is never the same as when B does not exist

and they have a direct contact with each other).
*IEASE = BARC — (B3 + £4°)

“SEacC = EACC — (Ea + Ec)
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Table S18. Corrected calculated values?® for interaction energy
(IE®, kcal/mol) and stabilization energy (SES, kcal/mol) between
the A and C species of metal complexes studied here

def-2/TZVP

Compound BP86-D3(BJ) MP2

IEABE SEAEC IEABE  SEAEC
7 —2.90 —2.20 —0.70 —0.01
8 +5.64 +8.15 +595¢  +23.62¢
9 +0.13 +3.47 +0.12 +3.21
10 +3.78 +6.71 +4.25 +6.39
11 +5.98 +7.00 +6.86 +7.83
12 —0.84 +1.54 +8.86 +10.79

@ We, ourselves, do not believe that the data in this Table represent the actual
values of the stabilization energy or interaction energy of A...C pair frozen in
the structure of ABC systems (the nature and strength of the interaction of
two species A and C, where B exists and has isolated them, is never the same
as when B does not exist and they have a direct contact with each other).

" IEASE = EARC — (BAPC + E4°)

SEACC = EACC — (Ea +Ec)

9 In this case, the calculations for this compound were performed using the
def2-SVP basis set.
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Table S19. Calculated values for interaction energies (IE, kcal/mol), stabilization
energies (SE, kcal/mol) and cooperative energies (Ecqqp, kcal/mol) for triad 2
(F3B...NCH...HLi), at MP2/aug-cc-pVTZ level of theory

IEABS —20.25 SE g -5.17
IEA—B _675 SEBC _858
IEQ_BS -8.58 SEQCBC +16.22°
IEp_ -8.76 SE,_nc -9.18
IEABS —1.44 SEap_c ~12.59
IEABC. -27.74 SEagc -17.76
IEQEEC -16.07 Ecoopb -20.22
IEABC -36.32 Ecoop’ —4.01

®SEACC =EACC — (Ea + Ec)

b See eq (2) of the paper: Eoop= SEapc — (SEap + SEpc + SEAC®)

¢See eq (3) or (8) of the paper: Ecoop= SEppc — (SEap + SEgc) = ABDE,_g = ABDEg_¢

As can be seen, equation (2) gives a value of —20.22 kcal/mol for the stabilization—based
cooperative energy (Ecqop) Of triad 2 which is surprisingly larger than the total stabilization
energy (SEgc) of this molecule (-17.76 kcal/mol). Obviously, this is quite illogical and clearly
proves that equations (3) or (8) of the paper give the more accurate data for noncyclic ABC
systems. We note that the large positive value (+16.22 kcal/mol) of SE4EC is due to the large
value of the deformation energy of species A (Es for BF3; molecule is 17.66 kcal/mol), so it is
illogical to consider it as the result of a repulsive interaction between A and C. Indeed, the
value of interaction between A and C (IEABS) is —1.44 kcal/mol and seems to be attractive.
However, we note that even the value of —1.44 kcal/mol for IEAES is not an accurate value for
a real interaction. We can only say that if the species B (herein, NCH molecule) did not exist
between the species A and C (herein F3B and HLi molecules), then there was a real interaction
(with a value of —1.44 kcal/mol) between them. But we emphasize that such real and direct
interaction does not exist in non—cyclic FsB...NCH...HLi triad, and in this case both SE4&¢and

IEABS values will be misleading.
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Figure S1. The optimized structures and bonds length(A) of AB and BC dyads related to triads 1 to 6
studied here, at the MP2/aug-cc-pVTZ level of theory.
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Figure S2. The optimized structures and bonds length(A) of AB and BC metal complexes related to
complexes 7 to 12 (except 8), at the MP2/def2-TZVP level of theory.
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Figure S3. The optimized structures and related A-B and B—C bonds length(A), of the triads 1 to 6 studied
here, at the BP86-D3(BJ)/aug-cc-pVTZ level of theory.
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Figure S4. The optimized structures and related A-B and B—C bonds length(A), of the metal complexes 7
to 12, at the BP86—D3(BJ)/def2-TZVP level of theory.
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Figure S5. Correlation between E¢qqp and AIE 4, (kcal/mol) values for the triads studied here (except
triad 2), at (a) BP86-D3(BJ)/aug-cc-pVTZ and (b) MP2/aug-cc-pVTZ level of theory.
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Figure S6. Correlation between E o, and AlE 4, (kcal/mol) values for metal complexes studied here

(except complex 8), at (a) BP86-D3(BJ)/def2-TZVP and (b) MP2/def2-TZVP level of theory.
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