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Table S1. Contributions from Each MO to sP(Se) in Se*H, (* = null, +, or -).1*4

Species  y1,¥2 YsV¥Ys Ye Y7 Vs Yo YooY Yis Y Y17 Y8 Yo Yz o tota
ManAO 1s2s 2p 3s 3p 3p 3p 3d 4s 4p 4p 4p 4d 4d

SeH(C,) 0.0 132 00 -32 —419 -419 -04 -104 -1442 -1363 -136.3 -501.5
SeH,(C,) 0.0 227 00 —426 -340 —730 -16 -143 -1129 -228.8 —444.2 -928.8
SeH;"(C;) 0.0 268 0.1 -594 -59.4 550 -39 -16.8 —2295 -229.5 -453.2 -1079.9
SeH;*(pl) 0.0 252 0.0 —435 —435 -836 06 —22 -2433 -2433 —441.1 -1074.6
SeH,(T) 0.0 206 00 —641 —-641 —641 24 0.1 -4989 —4989 —4989 -1.1¢ -1666.8
SeH,(TBP) 0.0 294 0.1 -589 -56.4 —66.4 -27.0 -12.6 —149.0 -163.8 -281.1 -180.5!" -966.3
SeHs" (TBP) 0.0 317 0.0 —651 -651 -580 -237 0.1 -2675 —267.5 —253.6 —238.7!" —-1207.4
SeHs" (SP) 0.0 352 0.0 —71.8 —623 —623 —250 -1.0 -261.1 -261.1 -210.2 —240.3 -1159.9

SeHs (SP) 0.0 293 0.0 -59.9 -599 -721 -443 -103 -160.2 -163.6 -163.6 -117.3 -84.2 -905.9
SeHs(O,) 0.0 471 0.0 -766 -766 —-76.6 634 01 -1074 -107.4 -107.4 -207.7-207.7 —983.6

[a Cdculated with the DFT-GIAO method employing the 6-311+G(3df,3pd) basis sets. [b] A utility program
(NMRANAL-NHO03G) being employed. [c] In ppm. [d] H&lf of the contribution from the y;® y; (Occ-to-Occ) transitions
(sPiej(Se)/2) isfractionalized to each of y; andy , in our treatment. [€] Mainly constructed by 4s(Se). [f] Corresponding toy , of
Hax—Se—Hax 3c4e.
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Table S2. The <res > values evaluated with the Gaussian functions (°Fy) of the py type.

Kl Contraction'® Sal! <Tsg o>l
9 3 1.000 11268.88
12 3 1.000 586.28
15 3 1.000 25.92
18 1 1.000 3.81
21 1 1.000 1.32
24 1 1.000 0.33
27 1 1.000 0.06
43" 1 1.000 0.01

@ Calculated with the DFT-GIAO method employing the 6-311+G(3df,3pd) basis sets. ™ A utility
progran (NMRANAL-NH03G) being employed for the evaluation. [ In ppm. ¥ The orbital number for
the the py type being employed, which appearsin the output of MO coeffients. [ The number of
contraction in 9Fy. ' Obrital overlap integral: S« = < F+%Fi>. 19 Defined by Equation (S1) with k=1.
"' Correspond to the diffusion function.

<rN_3>k| =< ng qN_3+gF|> (Sl)

The expectation values of <ry>> are evaluated by averaging over Gaussian functions as shown in
Equation (S1), where %Fy and °F; are the k-th and I-th Gaussian functions, respectively. Table S2 shows
the <ry >\ values evaluated based on the 6-311+G(3df,3pd) basis sets. The evaluated <ry >y values
are very large for k = 9, which corresponds to the px type °F located nearest to the Se nucleus. The
<ry > values with k = 12 is second largest. The values with k = 43 is smallest which acts as the
diffusion function of the py type. The <ry >y values with k = 21, 24, and 27 are also very small, which
correspond to the polarization functions of the px type. The value with k = 18 is also small. The values
decrease exponentialy as k becomes larger. The 9 functions with k = 18-27 contribute much to
construct the vacant orbitals of higher energies, together with the diffusion functions (k = 43). As shown
in Table S2, the contributions from p(Se) in vacant orbitals to sP(Se) should also decrease exponentially
as the energies of vacant orbitals become higher, athough the cross terms (k ? 1) must aso be
considered. It is strongly suggested that p(Se) of the higher energy levels would not contribute so much
to s”(Se) whereas 4p(Se) should substantially contribute to sP(Se) for usual selenium compounds.
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Optimized structures given by Cartesian coordinates for Se*H,, , R Se* X (* = null, +, or —), and Some
Oxides, together with the total energies, with the DFT-GIAO method employing the 6-311+G(3df,3pd)

basis sets.
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SeHs" (Cav (SP))
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-0.171975
-1.562566
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0.000000
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Total energy: -2681.1671853 a.u
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-1.330702
-0.640887
-1.921680
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1.330702
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0.640887
1.921680
-1.330702
-1.921680
-1.921680
-0.640887

0.000000
-0.000000

0.000000
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-0.171975
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-0.488827
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-0.171975
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0.000000
0.000000
0.000000
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1.309743
-1.680924
-2.184576
-2.395962
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1 0 0.071534
6 0 0.177464
1 0 -0.017039
1 0 1.165752
1 0 -0.581946
6 0 -1.682405
1 0 -1.947525
1 0 -2.050553
1 0 -2.050553

SeFs (Cay (SP))

Total energy: -2901.0502238 a.u

34 0.000000

-0.000000

-1.862354
1.862354

-0.000000
0.000000

[(eR{oN{eN{e} o]
COO0OO0OO0OOo

SeMes (Ci)
Total energy: -2640.9274949 a.u
0.000000
-0.008716
0.236171
0.732430
-0.996343
0.008716
-0.236171
-0.732430
0.996343
0.013474
-0.978199
0.310115
0.732630
-0.013474
0.978199
-0.310115
-0.732630
-2.072887
-2.417547
-2.409762
-2.442723
2.072887
2.417547
2.442723
2.409762
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HSeF 5 (C4v)

Total energy: -2901.4732309 a.u
0.000000
0.000000
0.000000

-0.000000
0.000000
1.730327

-1.730327

LOLOLOLOLOH&
OO0 O0OO0OO0OO0O

-2.568743
1.614968
1.160980
2.078338
2.362813
-0.096602
-1.147881
0.395620
0.395620

0.000000
1.862354
0.000000
-0.000000
-1.862354
0.000000

0.000000
-0.013264
0.978360
-0.732675
-0.309474
0.013264
-0.978360
0.732675
0.309474
2.072867
2.443553
2417238
2.409154
-2.072867
-2.443553
-2.417238
-2.409154
-0.006933
-0.994237
0.734570
0.238174
0.006933
0.994237
-0.238174
-0.734570

0.000000
0.000000
1.730327
-1.730327
0.000000
-0.000000
0.000000

-1.235471
-1.546454
-2.518680
-1.537799
-1.309743
0.000000
0.000000
0.895298
-0.895298

0.272303
0.109811
0.109811
0.109811
0.109811
-1.467945

0.000000
-2.072863
-2.443628
-2.409841
-2.416463
2.072863
2.443628
2.409841
2.416463
0.007052
-0.237751
0.994282
-0.734656
-0.007052
0.237751
-0.994282
0.734656
-0.011705
-0.307766
-0.730797
0.980210
0.011705
0.307766
-0.980210
0.730797

0.186840
1.661540
0.158519
0.158519
-1.524529
0.158519
0.158519
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MeSeFs (Cy)

Total energy: -2940.8200536 a.u

HHH(DLOLOLOLOLO&

SeFe (On)

eolelololololololole]

0.001553
0.079174
1.721342
0.079174
0.079174
0.079174
-1.945076
-2.256204
-2.256204
-2.212247

Total energy: -3000.7537733 a.u

LOLOLOLOLOLO&

H2SeO (Cy)

OCOO0OO0CO0OO0OOo

0.000000
0.000000
0.000000
0.000000
0.000000
1.707137
-1.707137

Total energy: -2477.9354666 a.u
34

1
1
8

MexSeO (Cy)

0
0
0
0

-0.046336
0.973049
0.973049

-0.046336

Total energy: -2556.6168008 a.u

34

45e0 (C)
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O

H>SeF,0 (Cy)

[eleleoleojlololololo)e)]

[olelolelefoe)

0.377675
-0.460716
-0.460716
-0.163391
-0.112464
-1.537452
-0.163391
-1.537452
-0.112464
-0.460716

otal energy: -2479.010111 a.u

0.000000
-0.000000
-0.000000

1.551190
-1.551190

0.000000

Total energy: -2677.6557282 a.u
34

0

-0.000000

0.002593
-1.226282
0.001585
1.239175
-1.226282
1.239175
-0.034319
0.477735
0.477735
-1.084058

0.000000
0.000000
1.707137
-1.707137
-0.000000
0.000000
0.000000

-0.281300
-0.692969
-0.692969

1.368769

-0.138561
0.901757
0.901757
0.431248
1.932103
0.837118
0.431248
0.837118
1.932103

-1.563868

0.000000
1.128751
-1.128751
-0.000000
0.000000
0.000000

-0.000000

0.000000
1.236921
0.000000
-1.228996
-1.236921
1.228996
-0.000000
-0.902525
0.902525
-0.000000

0.000000
1.707137
-0.000000
0.000000
-1.707137
0.000000
-0.000000

0.000000
1.044476
-1.044476
-0.000000

-0.000000
1.451139
-1.451139
-2.383918
-1.414547
-1.319397
2.383918
1.319397
1.414547
-0.000000

0.241624
1.258005
1.258005
0.267625
0.267625
-1.408310

0.088803
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-1.257254
1.257254
0.000000

-0.000000
0.000000

VOO
[eleleolole]

Total energy: -2756.3481288 a.u
0.000000
0.000000

-0.000000
0.000000
0.910682

-0.910682
0.000000

-0.910682
0.910682

-1.835560
1.835560
0.000000

ecloleololololololololoNe]

2502 (Cy)

otal energy: -2553.1272576 a.u
0.000000
1.147945

-1.147945
0.000000

-0.000000

I ®OORrRRERPPOOE

OOOOHH%
eleololole]

MeSeO, (CZV)

Total energy: -2631.8229099 a.u
0.000000
0.000000

-0.000000

-0.000000
0.902733

-0.902733
0.000000

-0.902733
0.902733
1.404928

-1.404928

PR RRRPRPROOR
lofoJolololololeloYoYa)

0.000000
-0.000000

1.782364
-1.782364

0.000000

0.000000
1.684775
-1.684775
-2.435743
-1.720887
-1.720887
2.435743
1.720887
1.720887
0.000000
-0.000000
0.000000

0.000000
-0.000000

0.000000

1.414686
-1.414686

0.000000
1.536212
-1.536212
-2.406327
-1.499374
-1.499374
2.406327
1.499374
1.499374
-0.000000
0.000000

0.863968

0.863968

0.405417
0.405417
-1.505593

0.118384
-0.861579
-0.861579
-0.075651
-1.445104
-1.445104
-0.075651
-1.445104
-1.445104
-0.084400
-0.084400

1.720603

0.200577

1.172194

1.172194
-0.572750
-0.572750

0.142903
-1.051458
-1.051458
-0.401553
-1.653962
-1.653962
-0.401553
-1.653962
-1.653962

0.948609

0.948609

-S11-



