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Table S1: Total energy (au) of different C,H, (n = 4-6) and H, trapped C,Li, (n = 4-6) systems
computed at different levels of theory and basis sets.

Energy (au)
B3LYP MO05-2X MPWI1K
Systems
6-311+G(d,p)  aug-cc-pvdz  6-311+G(d,p) aug-cc-pvdz 6-311+G(d,p) aug-cc-pvdz
CsH, -154.72116 -154.69533 -154.69134 -154.67269 -154.66702 -154.64721
C4Lis -182.39114 -182.36900 -182.36773 -182.35121 -182.28826 -182.26906
4H,@C4Lis4 -187.12064 -187.08285 -187.05777 -187.02033 -187.00024 *
S8H,@C4Liq4 -191.84598 -191.79338 -191.75172 -191.69453 -191.71124 -191.67080
CsHs -193.58078 -193.55065 -193.55230 -193.52929 -193.51847 -193.49485
CsLis- -228.09749 -228.07162 -228.07460 -228.05623 -227.96914 -227.94694
5H,@CsLis -234.00354 -233.95852 -233.93357 -@- * *
CsHs -232.31125 -232.27461 -232.27526 -232.24827 -232.23809 -232.20942
CeLis -273.77263 -273.74093 -273.74214 -273.72080 -273.62834 -273.60121
6H,@C¢Lis -280.87235 -280.81733 -280.77844 -280.73071 -280.69961 -280.65531
12H,@C¢Li -287.96195 -287.88444 * * -@- -@-

* Convergence at some saddle point (NIMAG > 0). So, values not reported

-@- no convergence achieved
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Table S2: The total energy (E, au) and the enthalpies (Ey, Kcal mol™) of the Li*/F bound annular
hydrocarbon rings and their associated H,-bound complexes computed at MP2 level of theory using

6-31+G(d) basis set.

Systems E Egx Systems E Ex

1 | CHisLi -123.0503945 | -123.000220 | 50 | Anthra-m-CH;oLi,™ -552.2698703 | -552.060425
2 | 1H,@C;H;Li -124.1986325 | -124.132550 | 51 | 2H,@ m-C4HoLiy™" -554.5742495 | -554.332920
3 | 2H,@C;H;Li -125.3453170 | -125.263640 | 52 | 4H,@ m-C,4H,oLiy™" -556.8775413 | -556.604772
4 | 3H,@C;H;Li1 -126.4900227 | -126.393190 | 53 | 6H,@ m-C4HoLiy™" -559.1757792 | -558.871207
5 | 4H,@C;H;Li -127.6347506 | -127.522775 | 54 | 8H,@ m-C4HoLiy™" -561.4673621 | -561.133133
6 C.H,Li" -161.4395824 | -161.370164 | 55 | Anthra-t-Ci4H;oLis"" -552.2967414 | -552.086382
7 | 1H,@CH,Li* -162.5903638 | -162.505130 | 56 | 4H,@ t-C4H,oLi,"" -556.8990673 | -556.625835
8 | 2H,@C,H,Li* -163.7398564 | -163.638906 | 57 | 6H,@ t-C4HoLi"" -559.1953094 | -558.890858
9 | 3H,@CH,Li* -164.8869800 | -164.770495 | 58 | 8H,@ t-C4HoLir"" -561.4880447 | -561.153329
10 | 4H,@C4H,4Li* -166.0329439 | -165.901058

11 | CsHsLi -200.3738976 | -200.284035 | 59 | Anthra-st-C;H,oLiy"" -552.2812479 | -552.071418
12 | 1H,@CsHsLi -201.5223528 | -201.416719 | 60 | 2H,@ st-C,H;oLis™" -554.5847937 | -554.343290
13 | 2H,@CsHsLi -202.6674837 | -202.546435 | 61 | 4H,@ st-C4H;oLir™" -556.8863964 | -556.613492
14 | 3H,@CsHsLi -203.8122636 | -203.676105 | 62 | 6H,@ st-Ci4HoLiy™" -559.183608 -558.879168
15 | 4H,@CsHsLi -204.957005 -204.805742

16 | CsHsLi," -207.7023829 | -207.608312 | 63 | Phenan-C,,H,(Li* -545.110115 -544.901450
17 | 4H,@CsHsLi," -212.2972074 | -212.140193 | 64 | 1H,@C,H,(Li" -546.2609465 | -546.036396
18 | 6H,@CsHsLi," -214.5889014 | -214.401161 | 65 | 2H,@C,,H,(Li" -547.4109375 | -547.170545
19 | 8H,@CsHsLi," -216.878113 -216.660499 | 66 | 3H,@C,,H;(Li" -548.5583951 | -548.302612
20 | CgHgLi" -238.7692623 | -238.658866 | 67 | Phenan-riI-C H;,Li* -545.1114417 | -544.902305
21 | 1H,@ Cg¢HeLi* -239.9195616 | -239.793424 | 68 | 2H,@ rI-C, H,(Li" -547.4107241 | -547.170028
22 | 2H,@ Cg¢HeLi* -241.143542 -241.002538 | 69 | 3H,@ rI-C,H,(Li" -548.5580808 | -548.302093
23 | 3H,@ C¢HeLi* -242.214249 -242.057052

24 | 4H,@ C¢HeLi* -243.3591543 | -243.186883

25 | CeHgLir"" -245.9150026 | -245.801923 | 70 | Phenan-m-C,HjoLis>" | -552.2813458 | -552.070054
26 | 2H,@CgHeLi,™ -248.2193707 | -248.074788 | 71 | 6H,@ m-C4HoLiy™" -559.187252 -558.881520
27 | 4H,@CgHeLi,™ -250.5206404 | -250.344677 | 72 | 8H,@ m-C4HoLiy™" -561.4779842 | -561.141672
28 | 6H,@CgHeLi,™ -252.8192048 | -252.612081 | 73

29 | 8H,@CgHeLi,™ -255.1127663 | -254.875153

30 | CoHgLi" -391.9382825 | -391.779043 | 74 | Phenan-r1-C1sH,oLiy"" | -552.2796358 | -552.068213
31 | 1H,@C, HgLi* -393.0889221 | -392.914402 |75 | 4H,@ rI-C,H;oLis"" -556.8860348 | -556.611141
32 | 2H,@C, HgLi* -394.2378836 | -394.047686 | 76 | 6H,@ rI-Ci4HoLis"" -559.1842857 | -558.878321
33 | 3H,@C,HgLi* -395.3846105 | -395.179216 | 77 | 8H,@ rI-Ci4HoLis"" -561.4746547 | -561.138369
34 | 4H,@C, HgLi* -396.5297162 | -396.308980

35 | CoHsLi™ -399.1096521 | -398.947768 | 78 | Phenan-t-C,H,oLi,™ -552.3056535 | -552.094224
36 | 2H,@C,oHsLi>"" -401.4133682 | -401.219921 |79 | 4H,@ ¢-C;4H,oLi™" -556.9083448 | -556.633470
37 | 4H,@C,oHsLi,"" -403.71412 -403.489341 | 80 | 6H,@ -C 4HoLir"" -559.204734 -558.898801
38 | 6H,@C,oHgLi,™ -406.0116225 | -405.755734 | 81 | 8H,@ -C;4H,oLir™" -561.4971229 | -561.161216
39 | 8H,@C,HgLi,™ -408.303282 -408.016991
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40 | Anthra-CHyoLi* -545.0998894 | -544.892549 | 82 | Phenan-cis-CiyHoLi," | -552.2994747 | -552.088649
41 | 1H,@ CHyLi* -546.2506985 | -546.027391 | 83 | 2H,@ cis-CiuHyoLir>® | -554.6021393 | -554.359779
42 | 2H,@ CHyLi" -547.400848 | -547.161816 | 84 | 4H,@ cis-C4HyoLi,® | -556.9013845 | -556.627518
43 [ 3H,@ CHLi" -548.547978 | -548.293257 | 85 | 6H,@ cis-CiHyoLir>® | -559.1968724 | -558.891950
44 | 4H,@ CHLi" -549.6920701 | -549.422796 | 86 | 8H,@ cis-Cp4HyoLi,>® | -561.4881316 | -561.151847
45 | Anthra-r1-C;H,Li* | -545.1008472 | -544.892598 | 87 | C;HF -369.6187953 | -369.489799
46 | 1H,@ rI-CHyoLi® | -546.2514629 | -546.027355 | 88 | 1H,@ C,H;F -370.7640706 | -370.619853
47 [ 2H,@ rI-CyHyLi* | -547.4004233 | -547.160596 | 89 | 2H,@ C,H;F -371.9091408 | -371.749664
48 | 3H,@ rI-CHyoLi* | -548.5472765 | -548.291983 | 90 | 3H,@ C,H;F -373.0541931 | -372.879539
49 | 4H,@ rI-CiHyoLi* | -549.6923478 | -549.422023 | 91 | 4H,@ C,H;F -374.1994528 | -374.009591

m- Metals placed on the middle ring (above and below), 7- metal placed on the trans positions, st — metal placed on the
trans to adjacent rings, cis- metal placed in the cis positions (1 and 3 rings).

Table S3: The electronegativity (%), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), charge on the metal ion (qu, NPA charge) of cyclobutadiene-Li*(C4H4Li") and their H,-
bound analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X n 0 NICS(0) NICS(0.5) NICS(1.0) qMm

CHLi" 9.387 8.566 5.144 27.01 28.05 16.91 0.919
1H,@CH Li"* 9.314 8.525 5.088 27.25 28.04 16.91 0.852
2H,@C H Li* 9.182 8.592 4.906 26.18 26.81 16.23 0.753
3H,@C,H,Li" 9.033 8.568  4.762 26.25 26.82 16.19 0.688
4H,@C H Li"* 8.895 8.625 4.587 24712 25.08 15.16 0.616

Table S4: The electronegativity (%), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), charge on the metal ion (qu, NPA charge) of CsHsLi, CsHsLi," and their Hp-bound
analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X (0] NICS(0) NICS(0.5) NICS(1.0) qm

CsHsLi 4.028 7.877 1.030 -14.88 -13.77 -10.82 0.730
1H,@CsH;sLi 3.937 8.270 0.937 -15.46 -14.21 -10.94 0.620
2H,@C;sHsLi 3.788 8.061 0.890 -15.14 -13.91 -10.75 0.580
3H,@CsHsLi 3.766 8.089 0.877 -15.12 -13.91 -10.78 0.579
4H,@C;sHsLi 3.731 8.146 0.855 -15.11 -13.85 -10.72 0.579

CsHsLi," 8.470 10.311  3.479 -15.46 -16.41 -15.76 0.887,0.887
4H,@CsHsLi," 7.392 11471  2.382 -15.55 -16.43 -15.62 0.718,0.718
6H,@C;sHsLi," 7.331 11.505  2.336 -15.15 -15.94 -15.12 0.648,0.648
8H,@CsH;Li," 7.450 11.012  2.520 -15.32 -16.24 -15.58 0.689,0.689
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Table SS5: The electronegativity (%), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), charge on the metal ion (qm, NPA charge) of CeHgLi" , CgHeLi>* and their Hy-bound
analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X n (0] NICS(0) NICS(0.5) NICS(1.0) qm
CeHgLi" 9.351 11.201  3.904 -7.83 -9.93 -10.17 0.889
1H,@CgHgLi" 8907 11.926 3.326 -8.00 -10.06 -10.24 0.802
3H,@ C¢HgLi" 8739 11.781 3.242  -7.778 -9.94 -10.19 0.648
4H,@ C¢HgLi" 8729 11.738 3.246  -7.761 -9.92 -10.18 0.645
CeHeLi,™ 13.385 11.897 7.529 -6.49 -8.99 -11.01 0.963,0.963
2H,@C¢HeLi,”*  13.300  12.001  7.369 -6.75 -9.28 -11.30 0.911,0.910
4H,@CHLi,”*  13.120 11.876  7.247 -6.77 -9.27 -11.22 0.835,0.835
6H,@C¢HeLi,”*  13.562  13.096  7.022 -6.59 -8.98 -10.86 0.751,0.751
SH,@CeHLi,”*  11.836  11.026  6.353 -7.29 -9.55 -10.73 0.737,0.737

Table S6: The electronegativity (%), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), charge on the metal ion (qy, NPA charge) of CoHgLi", 1-C1oHsLi** and their
H,-bound analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X n (0] NICS(0) NICS(0.5) NICS(1.0) qm

CoHgLi" 8.137 9.043 3.661 -8.33 -10.25 -10.19 0.897
IH,@CoHgLi*  8.033 9.159 3.523 -8.494 -10.25 -10.28 0.816
2H,@CoHgLi*  7.990 9.127 3.497 -8.472 -10.23 -10.26 0.729
3H,@CoHgLi®  7.928 9.115 3.448 -8.437 -10.27 -10.15 0.653
4H,@CHgLi* 7912  9.129 3.429 -8.358 -10.27 -10.20 0.644

CioHsLi™ 12.137 9.229 7.981 -7.56, -7.55 -9.81, -9.81 -10.26, -10.26  0.949,0.949
2H,@CHgLi,”* 12.032 9219 7.852 -7.74 -7.74 -9.98, -10.39 -9.98,-10.39  0.885,0.885
4H,@C HgLi,®* 11.940 9.203 7.746 -7.89, -7.88 -10.12,-10.12  -10.53,-10.53  0.802,0.802
6H,@CoHsLi,”* 11.693 9.158 7.464 -7.72, -7.52 -9.83, -10.35 -10.53,-10.41 0.725,0.725
SH,@C oHsLi,™ 11.037 9.074 6.712 -7.97, -7.97 -10.23,-10.23  -10.66,-10.66 0.698.0.698

t- Metal placed at the trans positions

Table S7: The electronegativity (%), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), and charge on the metal ion (qu, NPA charge) of m-Anthracene (Ci4HjoLi"), rl-
C14HjoLi" and their H>-bound analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X n (0] NICS(0) NICS(0.5) NICS(1.0) qm
m-C4H oLi* 7.806 7.841 3.886  -10.956 -12.62 -12.15 0.906
1H,@C,4H(Li" 7.778 7.837 3.860  -11.094 -12.68 -12.16 0.829
2H,@C,4H,(Li" 7.756 7.823 3.845 -11.099 -11.82 -11.77 0.731
3H,@CH,,Li" 7.713 7.833 3.798 -11.064 -11.86 -11.83 0.649
4H,@C4H,(Li" 7.670 7.822 3.761 -11.075 -12.83 -12.28 0.622
rl- CiHoLi* 7.526 7.572 3.740 -7.143 -8.92 -9.19 0.893
1H,@C,4H(Li" 7.502 7.565 3.719 -7.296 -8.99 -9.21 0.812

2H,@C4H,(Li" 7.462 7.553 3.686 -7.300 -8.99 -9.20 0.725
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3H,@CH, Li"
4H,@C,4HoLi"

7.417
7.410

7.552
7.535

3.642
3.643

-7.198
-7.346

-8.95
-9.10

-9.18
-9.30

0.641
0.647

m- Metal placed on the middle ring r/- metal placed on the first ring

Table S8: The electronegativity (%), hardness (1) and electrophilicity (®) NICS(0), NICS(0.5) and
NICS(1.0) and charge on the metal ion (qu, NPA charge) of m-Anthracene (m—C14H10Li22+), t-

CiHoLiy™ , st-C14HjoLi,™" and their Hy-bound analogues computed at MP2 level of theory using
6-31+G(d) basis set.

System X n (0] NICS(0) NICS(0.5) NICS(1.0) qm

m-C4H oLiy™" 11.671 7.713 8.830 -9.786 -11.96 -13.10 0.948,0.949
2H,@C4H,oLi,>* 11.592 7.685 8.743 -10.084 -12.31 -13.46 0.897,0.897
4H,@C4H,oLi,>* 11.505 7.644 8.658 -9.9637 -12.22 -13.44 0.813,0.813
6H,@CH,(Li,”* 11.351 7.640 8.433 -10.157 -12.30 -13.33 0.718,0.718
8H,@C,H,(Li,” 11.197 7.588 8.261 -10.044 -12.033 -12.96 0.680,0.680

1-C4H oLiy™ 11.178 7.607 8.213 -7.22,-7.24  -9.61,-10.14 -9.44,-10.05  0.925,0.925
2H,@CH,oLi,>* 11.081 7.728 7.944 -7.36,-7.37  -9.50, -9.64 -9.99, -10.08  0.879,0.861
4H,@CH,oLi,”* 10939 7.725 7.746  -7.36, -1.37  -9.63, -9.63 -9.98,-9.98  0.767,0.767
6H,@CH,(Li,”* 11.157 8.111 7.673  -8.28, -8.28  -10.24,-10.24 -10.32,10.33  0.681,0.758
8H,@CH,(Li,”™* 11.139 8.090 7.668 -7.33,-7.33  -9.69, -9.68 -10.08, -10.09  0.680,0.756

st-C1H oLi,™ 11.378 7.485 8.647 -10.25, -6.11  -12.12,-11.94 -8.17, -876  0.941,0.941
1H,@CHyoLi”* 11.302 7.482 8.535 -10.48, -6.28 -12.35,-8.32  -8.89, -12.07  0.875,0.875
2H,@C4H,oLi,”* 11.221 7.474 8423 -10.66, -6.49 -12.51,-8.58  -9.14, -12.29  0.789,0.789
3H,@CH,(Li,”* 11.068 7.489 8.178 -10.53,-12.39  -8.56, -6.48 -9.12, -12.18  0.703,0.703
4H,@CH,oLi,>* 10.739 7.476 7.713  -10.78,-6.43 -8.61,-12.82  -9.35, -12.51 0.775,0.658

m- Metals placed on the middle ring (above and below), 7- metal placed on the trans positions, st — metal placed on the

trans to adjacent rings

Table S9: The electronegativity (), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0) and charge on the metal ion (qum, NPA charge) of m- Phenanthrene-Li*( m-C4H;oLi"), r1-
C14HjoLi" and their H>-bound analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X n (0] NICS(0) NICS(0.5) NICS(1.0) qm

m-C4H oLi* 8.097 9.183 3.570 -5.88 -7.56 -8.14 0.908
1H,@C,4H(Li" 7.402 10.519  2.605 -6.00 -7.59 -8.13 0.831
2H,@C4H,(Li" 7.386 10.523  2.592 -6.03 -7.58 -8.08 0.736
3H,@CH,oLi" 7.350 10491  2.574 -5.98 -1.57 -8.08 0.657
4H,@C4H,(Li" 7.209 10.558  2.461 -5.53 -7.16 -1.74 0.690

r1-CHyoLi" 8.322 9.608 3.604 -8.31 -10.07 -10.12 0.893
1H,@C,4H,(Li" 8.210 9.799 3.439 -8.44 -10.14 -10.16 0.823
2H,@C4H,(Li" 8.173 9.815 3.402 -8.42 -10.14 -10.15 0.725
3H,@C,4H,(Li" 8.141 9.850 3.364 -8.27 -10.02 -10.06 0.644

m- Metals placed on the middle ring r/- metal placed on the first ring
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Table S10: The electronegativity (), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), and charge on the metal ion (qu, NPA charge) of m- Phenanthrene —Li22+( m-

CisHoLiy™), rI-Ci4HyoLi™" , #-CiqHjoLis™

computed at MP2 level of theory using 6-31+G(d) basis set.

, cis-Ci14aH oLiy>" and their Hp-bound analogues

System X n ® NICS(0) NICS(0.5) NICS(1.0) qum

m-C4HyoLi,™ 11.161 10.264  6.068 -4.837 -6.91 -8.73 0.949,0.949
6H,@C ,H,(Li,”" 10.882 10.199 5.806 -5.17 -7.19 -8.93 0.722,0.722
8H,@C ,H;oLi,™" 10.739 10.237  5.633 -5.04 -6.96 -8.68 0.684,0.684
r1-Cy,HoLiy™ 11.964 9.202  7.778 -7.15 -9.55 -11.31 0.950,0.950
4H,@C 4H,(Li,** 11.828 9.275  7.542 -7.44 -9.84 -11.53 0.810,0.810
6H,@C 4H;oLi,"" 11.721 9.379  7.324 -7.25 -9.56 -11.23 0.719,0.719
8H,@C ,H;oLi,™" 11.580 9.509  7.051 -1.17 -9.34 -10.85 0.684,0.684
1-C4H oLiy ™" 11.336 10352 6.207 -8.34, -8.33 -10.48, -10.49 -10.63, -10.63 0.924,0.923
4H,@C 4H,(Li,** 11.175 10.344  6.036 -8.48, -8.42 -10.49, -10.51 -10.64, -10.62 0.765,0.765
6H,@C 4H,(Li,"" 11.052 10.362  5.893 -8.25, -8.28 -10.35, -10.38 -10.53,-10.54 0.680,0.680
8H,@C H,,Li,™* 11.043 10.315 50911 -8.55, -8.51 -10.28, -10.79 -11.22,-10.95 0.680,0.680
cis-Ci4HoLiy™ 11.629 9.844 6.869  -8.365,-8.368  -10.94,-10.94 -11.09, -11.09 0.915,0.915
2H,@C 4H;oLi,*" 11.305 10.337  6.181 -8.561,-8.565  -11.11,-11.10 -11.19, -11.20 0.835,0.835
4H,@C 4H,(Li,** 11.206 10.343  6.071 -8.523,-8.526  -11.08, -11.07 -11.18,-11.19 0.751,0.751
6H,@C ,H,(Li,”" 11.084 10377 5919  -8.345,-8.345  -10.97,-10.97 -11.13,-11.14  0.671,0.671
8H,@C H,,Li,”" 10.377 10.842 4966  -8.268,-8.394 -11.07,-10.82 -11.35,-10.96  0.660,0.660

m- Metals placed on the middle ring (above and below), #- metal placed in the trans positions, rI- metals placed on the
first ring (above and below) cis- metal placed in the cis positions (1 and 3 rings)

Table S11: The electronegativity (), hardness (1) and electrophilicity (@) NICS(0), NICS(0.5) and
NICS(1.0), and charge on the fluorine atom (qr, NPA charge) of C;H;F and their H,-bound
analogues computed at MP2 level of theory using 6-31+G(d) basis set.

System X [0 NICS(0) NICS(0.5) NICS(1.0) qr

C/H;F 4.108 10.307  0.819 -@-- -@-- -@-- -0.404
1H,@C;H,F 4.126  10.291  0.827 -@-- -@-- -@-- -0.405
2H,@C;H,F 4.142 10276  0.835 -@-- -@-- -@-- -0.406
3H,@C;H,F 4.147 10.269  0.837 -@-- -@-- -@-- -0.408
4H,@C;H,F  4.158 10.267  0.842 -@-- -@-- -@-- -0.410

--@-- NICS not performed due to non planarity of C;H; ring
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Figure S1: Structures considered in the present study
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Figure S2. Variation of the interaction energy per H, molecules as a function of the atomic
charge on the Li-center of the H,-trapped annular complexes of the associated reactions.
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Figure S3. Variation of the interaction energy per H, molecules as a function of the NICS(0)
values of the H,-trapped annular complexes of the associated reactions.
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Figure S4. Variation of the interaction energy per H, molecule as a function of the NICS(1) values
of the H,-trapped annular complexes of the associated reactions.
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Figure S5. Some important frontier molecular orbitals of polynuclear hydrocarbons with and
without H, trapping.



