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Optimized Cartesian coordinates at the MP2/6-311+G(3df,3pd) level.
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Table S1. Convergence of f3,,,5°% (and 5,5°9) as a function of the number of excited states (N) of 2 of Na(HCN);Na at
MO06-2X/6-311++G(3df,3pd) level.

CES A #iz r o AE fo ﬁZZZC—SOS ﬁZZZCT—SOS ¥ ﬁzzzc ﬂzzzsos ﬁzzze ﬁosos ﬂoe
N =250
4 -4.1770 -1.7403 1.4563 0.1081 -26501
15284 -38638 -16711 -7255 3333 10940
7 -4.0964 -2.3899 1.9470  0.2725 -27421
N =200
4 -4.1856 -1.7366  1.4568 0.1076 -26423
15193 -38766  -16922 -7255 3436 10940
7 -4.1158 -2.3889 1.9467 0.2722 -27535
N =150
4 -4.1856 -1.7366 1.4568 0.1076 -26424
15193 -38766  -16865 -7255 3429 10940
7 -4.1158 -2.3889 1.9467 0.2722 -27535
N =100
4 -4.1856 -1.7366 1.4568 0.1076 -26424
15193 -38766  -16965 -7255 3446 10940
7 -4.1158 -2.3889  1.9467 0.2722 -27536
N=50
4 -4.1856 -1.7366 1.4568 0.1076 -26424
15193 -38766 -16110 -7255 2398 10940
7 -4.1158 -2.3889 1.9467 0.2722 -27535

S4



Table S2. Crucial excited state (CES) and its z-component of transition dipole moment (u?), variation of z-component

of dipole moment between ground state and CES (Ag,, a.u), transition energy (AE, eV) of CES, oscillator strength (1),

static first hyperpolarizability (£, a.u.) and it z-component (f3,,,, a.u.) and their values obtained by sum-over-states

calculation (B,5°% and $,,,5°S, a.u.), contribution of individual CES to ,,,5°% (B.,,,°5°5, a.u.), and cross term

contribution between two CESs (88,,,CT-50%) of 2 of Na(HCN);Na using different methods with 6-311++G(3df,3pd) basis

set.

CES Ay, Hoi” AE Jo )Bzzzc_SOS ﬁzzzCT_SOS P08 Pt BSOS B
M06-2X
4 -4.1856 1.7366 1.4568 0.1076 -26424
15193 -16965 -7255 3446 10940
7 -4.1158 -2.3889 1.9467 0.2722 -27536
PBEO
4 -3.5984 -2.2777 1.4845 0.1887 -37635
22804 -9608 -7255 8578 10940
10 1.3287 -2.4242 2.2094 0.3181 7106
B3LYP
4 -3.4252 2.2120 1.4174 0.1699 -37059
15813 -28665 -7255 13634 10940
10 -1.3309 -2.1953 2.1681 0.2560 -6062
CAM-B3LYP
4  -4.2242 2.0870 1.5313 0.1634 -34859
18081 -9539 -7255 6195 10940
8 -1.1707 -2.3835 2.1989  0.3060 -6111
LC-BLYP
4 -49230 1.9908 1.7744  0.1723 -27532
25236 -2685 -7255 16678 10940
7 -0.3365 2.4981 22706 0.3472 -1809
WB97X-D
3 3.2341 -2.5192 1.6550 0.2573 33291
-26979 -2775 -7255 21006 10940

7 -19103 -23386 22907 0.3069 -8845
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Table S3. Crucial excited state (CES) and its z-component of transition dipole moment (u?), variation of z-component

of dipole moment between ground state and CES (Ag,, a.u), transition energy (AE, eV) of CES, oscillator strength (f;)

and its z-component (fy?), static first hyperpolarizability (89, a.u.) and it z-component (f3,,,, a.u.) and their values

obtained by sum-over-states calculation (8,5°% and £,,,5°S, a.u.), contribution of individual CES to 3,,,5°S (8,,,5°S,

a.u.), and cross term contribution between two CESs (8,,,°T-598) of 2 of Na(HCN);Na using PBEO method with different

basis sets.
CES A, Hoi” AE Jo )Bzzzc_SOS ﬁzzzCT_SOS ﬂZZZSOS Pt ,BOSOS Po*
6-311++G(3df,3pd)
4 -3.5984 -2.2777 1.4845 0.1887 -37635
22804 -9608 -7255 8578 10940
10 1.3287 -2.4242 22094 0.3181 7106
6-311++G(2d,2p)
4 -3.6172  2.2880 1.4845 0.1904 -38173
10045 -12018 -7255 6521 10940
10 1.0358 -2.4003 22120 0.3124 5419
aug-cc-pVTZ
4 -3.5936 -2.2765 1.4857 0.1886 -37484
21685 -11046 -7255 6215 10940
10 0.8719 -2.3965 22105 0.3110 4552
aug-pc-2
4 -3.5925 2.2858 1.4857  0.1902 -37779
21897 -12244 -7255 5337 10940
10 0.2223 -2.4096 2.2239 0.3164 1159
ma-TZVP
4 -3.6821 -2.2837 1.4844 0.1896 -38718
22781 -11939 -7255 6554 10940
10 0.5802 -2.3959 2.2075 0.3105 3036
POL
4 -3.6148 -2.2865 1.4813 0.1897 -38265
22641 10997 -7255 6926 10940
10 1.3682 -2.3870 2.2043 0.3077 7128
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Table S4. Crucial excited state (CES) and its z-component of transition dipole moment (z?), variation of z-component

of dipole moment between ground state and CES (Ag,, a.u), transition energy (AE, eV) of CES, oscillator strength (1),

static first hyperpolarizability (£, a.u.) and it z-component (f3,,,, a.u.) and their values obtained by sum-over-states

calculation (B,5°% and $,,,5°S, a.u.), contribution of individual CES to ,,,5°% (B.,,,°5°5, a.u.), and cross term

contribution between two CESs (f,,,°7595) of 2 of Na(HCN);Na using CAM-B3LYP method with different basis sets.

CES Ay, Hoi” AE Jo )Bzzzc_SOS ﬁzzzCT_SOS P08 Pt BSOS Po
6-311++G(3df,3pd)
4 -42242 2.0870 1.5313 0.1634 -34859
18081 -9539 -7255 6195 10940
8 -1.1707 -2.3835 2.1989 0.3060 -6111
6-311++G(2d,2p)
4 -4.2100 2.1006  1.5346 0.1659 -35046
17853 -11184 -7255 4691 10940
8 -1.2229 -2.3731 2.1995 0.3035 -6324
aug-cc-pVTZ
4 -4.1900 2.0908 1.5292  0.1638 -34799
17389 -10197 -7255 4988 10940
8 -1.4944 -23635 2.1927 0.3001 -7713
aug-pc-2
4 -42125 2.0926 1.5301 0.1642 -35006
17616 -10681 -7255 4131 10940
8 -1.8960 -2.3693 2.2052 0.3033 -9723
ma-TZVP
4 -42907 2.1019 1.5371 0.1664 -35646
18340 -11133 -7255 4562 10940
8 -1.6309 -2.3686 2.1955 0.3018 -8433
POL
4 -42502 2.1048 1.5277 0.1658 -35843
18813 -10586 -7255 4987 10940
8 -0.9268 23639 2.1975 0.3008 -4764
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Table S5. Crucial excited state (CES) and its z-component of transition dipole moment (u?), variation of z-component

of dipole moment between ground state and CES (Ag,, a.u), transition energy (AE, eV) of CES, oscillator strength (f;)

and its z-component (fy?), static first hyperpolarizability (8, a.u.) and it z-component (5,,,, a.u.) and their values obtained

by sum-over-states calculation (3,5°S and f3,,,5°, a.u.), contribution of individual CES to f3,,,5°8 (8,,,.°5°5, a.u.), and cross

term contribution between two CESs (f3,,,C7-5°%) at PBE0/6-311++G(3df,3pd). level

CES A,“z ,L‘OiZ AE ﬁ) fOZ ﬂzzzc_soS ﬁzzzCT_SOS ﬁzzzSOS ﬁzzz ﬁOSOS ﬁ()
Na(HCN);Na
11 0.0000 -2.5101 1.6439 0.2538  0.2538 0.00 0.00
1 19 0.0000 -1.4876  2.1523 0.1167 0.1167 0.00 . 0.00 0.00 188 417
13,14 0.000 0.000 1.7267 0.3178  0.0000 0.00
4 -5.2780 -1.8715 1.5523 0.1332  0.1332  -34082
20271
2a 10 1.6686 23587 22709 0.3096 0.3096 7997 -9925 -6633 6113 10603
8,9 -2.6386  0.0035 2.2146 0.3231  0.0000 -0.32
4 -3.5984 -2.2777 1.4845 0.1887  0.1887  -37635
22804
10 1.3287 -2.4242 22094 03181 0.3181 7106
2 -9608 -7255 8578 10940
8,9 4.8301 0.0007 2.1836 0.2387  0.0000 0.01
11,12 6.9324 0.0024 2.3660 0.1328  0.0000 0.04
9 1.7820 2.8250 2.1734 0.4251 0.4249 13375
3a 15206 9488 16804 8988
7,8 -0.2509  0.0584  2.0999 0.2691  0.0002 -0.88
10 27266 2.6999  2.0139 03597 0.3597 21771
3 89 -7.0148 -0.0050 1.7021  0.1100  0.0000 -0.46 39459 5785 50104 3620
11,12 -1.0820 0.0022 2.0676 0.2888  0.0000 -0.06
Li(HCN);Li
3 32262 -2.6624 1.5842 0.2751 0.2751 40482
-38233
2 10 -2.6205 -1.9288  2.3733 0.2163  0.2163 -7689 -5396 -6818 7703 135
8,9 2.8684 0.0007 2.2813 0.2964  0.0000 0.00
7 8.9446 -1.5799 1.6349 0.1000 0.1000 37110 5
-27678
10 -3.7399 -1.9820 2.1076  0.2029  0.2028  -14694
3 28264 2845 39105 1418
8,9 5.6566 0.0019 1.7521 0.1119  0.0000 0.03
11,12 -0.0426 0.0131 2.1238 0.2316  0.0000 -0.00
K(HCN);K
4 4.4207 2.1395 1.1650 0.1306  0.1306 66237
-33902
10 -4.3533 3.0808 1.7092 0.3975 03975  -62837
2 -54413 -24437 14709 26375
5,6 -1.9802 -0.0012  1.4299 0.1140  0.0000 -0.01
11,12 -4.4579 0.0115 1.9430 0.1947  0.0000 -0.83
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(a) HOM

[
K(HCN),K : Li(HCN),Li
2 ] F

Fig. S1. HOMOs, ELF and LOL maps of M(HCN);M. (M = Li or K) (a) HOMO,
(b) ELF, and (b) LOL. HOMOs have the isovalue of 0.02 a.u.
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