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1 Structures of reference molecules
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Figure S1: Structures of reference molecules

Table S1: Vertical ionization energies of NH, calculated using EOM-EA-CCSD with the aug-
cc-pVTZ and daug-cc-pV'TZ basis sets®.
State aug-cc-pVTZ daug-cc-pVTZ A CCDS(T)/CBS® Exp.©
124, 4.524 4.525 4.545 4.73 + 0.06
12T, 2.708 2.720
® The daug-cc-pVTZ basis set was derived from aug-cc-pVTZ by augmenting it with
additional even-tempered sets of diffuse s- and p-functions. ® From Ref. [I]. ¢ Ref. [2].
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2 Structures and properties of selected Rydberg diradi-
cals

Table S2: Key properties of NH3CH;NH;3: Distance between nitrogens (ryy, A), adiabatic and
vertical singlet-triplet gaps (Ey, €V), and the number of effectively unpaired electrons (ny, )
computed with EOM-SF-CCSD/aug-cc-pVTZ and SF-TDDFT/B5050LYP/aug-cc-pVTZ at
the respective optimized geometries.

Method ryy (singlet) ryy (triplet)  EY E% . (singlet) n,,, (triplet)

NH3;NH;
SEF-CCSD 1.442 - 0.973 - 0.06 2.00
SE-DFT 1.434 - 0.894 - 0.00 2.00
NH3;CH,NH;g
SEF-CCSD 2.434 2.452 0.473 0.414 0.21 2.00
SE-DFT 2.432 2.440 0.448 0.448 0.11 2.00

Table S3: Effect of the distance between two nitrogens on singlet-triplet gaps (Fy, eV), and
the number of effectively unpaired electrons (n, ;) computed SF-TDDFT/B5050LYP /aug-cc-

pVTZ.
Molecule ryy (singlet) 7yy (triplet) — EY E% g, (singlet)  ng (triplet)
NH3NH; 1.434 - 0.894 - 0.00 2.00
NH3;CH,;NH; 2.432 2.440 0.448  0.448 0.11 2.00
NH3;CH,CH,NH; 3.793 3.789 -0.019 -0.020 2.00 2.00
NH3;CH;CH;CHoNH; 4.970 4.974 0.005  0.005 1.88 2.00

Table S4: Effect of the conformation of NHy(CHCH3)oNHs on singlet-triplet gaps (Fy, €V),
and the number of effectively unpaired electrons (n,, ;) computed SF-TDDFT/B5050LYP /aug-

cc-pVTZ.
Conformation ryy (singlet) ryy (triplet) EY  E%  n,, (singlet) n,, (triplet)
Boat 2.673 2.581 0.655 0.606 0.04 2.00
Chair 2.869 2.853 0.202 0.165 0.62 2.00
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NH5NHs;

n =198 n, =0.02
NH;CH,NH; I I
n1=1.87 n2=0.12
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n;=1.03 n, =0.97
NH;CH,CH,CH,NH;
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Figure S2: Natural frontier orbitals in NH3(CH;),,NH;3 and occupations in the singlet state
calculated using SF-TDDFT/B5050LYP /aug-cc-pVTZ.
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Table S5: Diradical stabilization energies (DSEs, eV) via several hypothetical reactions calcu-
lated using (EOM-SF-)CCSD /aug-cc-pVTZ and (SF-TD-)DFT/B5050LYP /aug-cc-pVTZ.

Method Reaction DSE
EOM-SF-CCSD NH3NH3 + CHgCHg — 2NH30H3 -1.01
SF-TDDFT NH3;NH;3; + CH3CH3; — 2NH3CHj -0.95
EOM-SF-CCSD NH3;CH,NH3; + CH; — 2NH3CHg -0.20
SF-TDDFT NH3;CH,;NH;3 + CH, — 2NH3CHj -0.11
SF-TDDFT NH3(CH,),NH3; + CH3CH3 — 2NH3CH,CH;3  -0.14
SF-TDDFT NH3(CHs)3NH3 + CH; — 2NH3CH,CHjy -0.03

Table S6: Diradical stabilization energies (DSEs, eV) via several hypothetical reactions
with boat and chair conformations of 1,4-diammonium-piperazine calculated using (SF-
TD-)DFT/B5050LYP/aug-cc-pVTZ. Most stable conformation (i.e., chair) of cyclohexane
(CHy(CH5CH3)2CHsy) and piperidine (NHy(CH5CHs)2CH;) were used in the calculations.

Reaction DSE
boat NH,(CH,CH,),NH, + 2CH;CH; — 2NH,(CH,CHg), 0.04
chair NHQ(CHQCHQ)QNHQ + QCchHg — 2NH2(CHQCH3)2 0.02
boat NHQ(CHQCHQ)QNHQ + CHQ(CHQCHQ)QCHQ — 2NH2(CHQCH2)2CH2 -0.23
chair NHQ(CHQCHQ)QNHQ + CHQ(CHQCHQ)QCHQ — 2NH2(CHQCH2)QCHQ -0.26
boat NHQ(CHQCHQ)QNHQ + QCH3CHQCH3 — CHQ(CHQCHQ)QCHQ + 2CH3NH2CH3 -0.04

chair NHQ(CHQCHQ)QNHQ + 2CH30H2CH3 — CHQ(CHQCHQ)QCHQ + 2CH3NHQCH3 -0.07

Table S7: Summary of AIMD calculations of NH3CH;NHj3 at various temperatures

Temperature, K | Time of simulation, fs Stability
350 1200 Stable
500 1200 Stable
1000 200 NH3;CH3;NH3; — NH,CH,NH, + Hy
5000 100 NH;CH,NH3; — NH3 + CHoNH, + H
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Relevant Cartesian geometries

H20, CCSD/aug-cc-pVTZ
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NH4, EOM-EA-CCSD/aug-cc-pVTZ
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N2H5 cation, EOM-EA-CCSD/aug-cc-pVTZ
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N2H6 dication, CCSD/aug-cc-pVTZ
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Final
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N2H6 cation, EOM-EA-CCSD/aug-cc-pVTZ
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N2H6 singlet, EOM-SF-CCSD/aug-cc-pVTZ
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N2H6 triplet (ag/bu), CCSD/aug-cc-pVTZ
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NH2CH2NH2, CCSD/aug-cc-pVTZ
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NH2CH2NH3 radical, EOM-EA-CCSD/aug-cc-pVTZ
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NH2CH2NH3 cation, CCSD/aug-cc-pVTZ
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NH3CH2NH3 singlet, EOM-SF-CCSD/aug-cc-pVTZ
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Final energy is
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NH3CH2NH3 triplet, CCSD/aug-cc-pVTZ
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NH3CH2NH3 dication, CCSD/aug-cc-pVTZ
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DFT and SF-DFT Cartesian geometries

NH3CH2NH3 triplet, B5050LYP/aug-cc-pVTZ
Nuclear Repulsion Energy = 97.80458680 hartrees
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NH3CH2NH3 singlet, SF-5050LYP/aug-cc-pVTZ
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NH3CH2CH2NH3 singlet, SF-B5050LYP/aug-cc-pVTZ
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NH3CH2CH2CH2NH3 singlet, SF-B5050LYP/aug-cc-pVTZ
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NH2 (CH2CH2)2NH2 boat, singlet, SF-B5050LYP/aug-cc-pVTZ
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NH2 (CH2CH2) 2NH2 chair, singlet, SF-B5050LYP/aug-cc-pVTZ
Nuclear Repulsion Energy =

Final energy is
Vert ST gap:

DD DD DD DD m DD Q=002 Q0
|
N

. 7231452308
.4226008790
. 7231452308
. 7231452308
.4226008790
. 7231452308
.2555893404
.8330485239
.3850061049
.5765054560
.2555893404
.8330485239
.2555893404
.8330485239
.3850061049
.5765054560
.2555893404
.8330485239

0.
-0.
0.
-0.
0.
-0.
-0.
.2699481813

1

283.75296466 hartrees
-268.84270723286403
0.2022 eV (singlet is lower)

2037932128
1844912057
2037932128
2037932128
1844912057
2037932128
3009971836

0.2196131230

-1

1

-1

.2034209525
-0.
.2699481813
0.
.2699481813
.2196131230
.2034209525
.3009971836
.2699481813

3009971836

3009971836

1
0.
-1
-1

0
1
2.
1
0
0

2.
1
-2.
-1

0
0.
2
1

NH2 (CH2CH3)2, doublet, B5050LYP/aug-cc-pVTZ
Nuclear Repulsion Energy =

Final energy is

DD DD DD =000
N

.3612197838
. 7715512085
.5780062672
.1794489157
.0262388311
.0642635151
.4957366721
.0564881971
.6684570167
.6173604519
.9719180702

-0.

.2511147520

0000000000

.2511147520
.2511147520
.0000000000
.2511147520

0565315258

.3686557469
.0000000000
.0000000000

0565315258

.3686557469

0565315258

.3686557469
.0000000000

0000000000

.05665315258
.3686557469

204 .36268464

-214.22239791182037

4613556290

0.8127856163

.0260810728
.4582733389
.9433678662
.0012650993
.8071111702
.6847767392
.0462530329
.2340748761
.5869356038

S13

-0.
0.
-0.
-0.
0.
0.
-1.
1.
-0.
-0.
-0.

1234787814
1441325913
0124611514
4140942301
3103689935
5024541402
1383390832
1803717785
4182724042
2398879455
7100722261



junjiya o ita s jia s fia s ja o

CH3NH2CH3, doublet, B5050LYP/aug-cc-pVTZ

-1.
-0.
0.
-0.
1.
-1.

8982027544
9104118180
0424100752
0857148694
3801573495
1055659212

Nuclear Repulsion Energy =

Final energy is

T oD oD @D @D D@D oD QQ=Q0Q
OO P, P NNFP O -

2454494270
.0000005631
.2454496109
.0793350417
.2670400999
.2670383611
.0000013419
.0000007057
.2670410857
.0793340969
.2670397783

.2673364529
.3614575368
.9857878298
.7857097192
.3863706933
.6595668691

O O O -

.3368417909
.4553328056
.2405583818
.3170113222
.9885776602
.0752761054

91.94948518

-135.626078871788

.2868216672
.5067419148
.2868196637
.4018172558
.8989252173
.8989237159
.1359377571
.1359414523
.8989224750
.4018206332
.8989222986

.0000001938
.0000017752
.0000006005
.0000004125
.8887258762
.8887273131
.8199671859
.8199606355
.8887271751
.0000000724
.8887260872

NH2 (CH2CH2) 2CH2 chair, doublet, B5050LYP/aug-cc-pVTZ
Nuclear Repulsion Energy =

Final energy is

DD o@D @DIDI@DaQ@DnN D QDD =sm/mQQa
[
N

. 7580382380
.6834254748
. 7949932024
.2336202712
.3745375499
.2517362291
. 7609985322
.6834324126
.5079394509
.3438007990
.7580311242
.2517480826
.7610053428
0.7949854291
1.2336080981
1.
2
1

4918804344

.5051428297
.5683215480

QO OO N = N -

271.26338721

-252.324004907111

.2481275610
.2473640702
.3202151581
.1411357229
.0000039925
.0646054367
.3079892393
.2473610280
.0000057610
.0000062021
.2481314577
.0645980723
.3079882324
.3202161068
.1411435480
.0000047151
.0000070882
.0000065976

.2260734746
.2270692303
.3078630178
.1643671634
.1824824649
.2018923119
.3039494587

0.2270659599

.2040990772
.1896157908
.2260771363
.2018972847
.3039460793
.3078669078
.1643607010
.2326072236
.1515685688
.3160663457

NH2 (CH2CH2) 2CH2 boat, doublet, B5050LYP/aug-cc-pVTZ

S14



Nuclear Repulsion Energy =

Final energy is

DD IoD D@D D@D @D Q@D ITDQmEm Q= Q0

DABCO, singlet, SF-B5050LYP/aug-cc-pVTZ
453.95039546 hartrees

R R, R, NP, OO R~

| |
o O

.2521898688
.2266910784
.1097002290
.1880561737
.1219289315
.3174017706
. 7944842520
.4622068645
.3203236348
.4747259957
.4558844338
.1762093918
.3300706371
.1571556036
.8052204617
.5156558965
.4974774778
.4437986196

-1

-0.

-1
-1

-2.

-1

Nuclear Repulsion Energy =

Final energy is

juniiajia siia s jia s« s Ji e i sl e i« s BN O T N @ N @ TN @ RN @ RE—J -~ s fiasi

.3154998603
.3154998603
.2506007198
.2506007198
. 7579333374
. 7585882905
. 7579333374
. 7579638103
. 7579638103
. 7585882905
.1691272278
.1701383207
.1694003004
.1701383207
.1694003004
.1691272278
.1698909407
.1698909407
.1692083528
.1698469606

-0
0
-0
0
-0

271.42664740

-252.315547191804

.3330964218
4659487204
.9833896990
. 7940035577
.5970880723
.3656594066
.1706391058
.5198159480
.5097553936
.2569947591
.4151909427
.9624920714
.8484028770
.6244560773
.1843362790
.5901636054
3534378763
.2087509721

-346.20749937044729

.0005868175
.0005868175
.0003197006
.0003197006
.0002162604
.21563021830
.0002162604
.2156392345
.2156392345
.2153021830
.1836269875
.0665630057
.8839048927
.0665630057

0.8839048927

[

.1836269875

0.8832201802

.8832201802
.0671414998
.1832369810

S15

.3793174709
.3260204149
.0162140822

0.1298183247

. 3428642954
.3715575906
.8306394497
.856566641989
.3795631696
.4390145341
.1403518590
.0075390279

0.1817481590

.4460927564
.8622109930
.8061494508
.1114502260
.4351287660

.0002109539
.0002109539
.0000093025

0.0000093025

.4033859728
. 7020923636
.4033859728
.7021785869
.7021785869
.7020923636
.7042838314
.1722512289
.8769418597
.1722512289
.8769418597
.7042838314
.87698563194
.87698563194
.1724884170
.7041556317



H
H

NH2(CH2CH2)2NH2 TS, singlet, M062x/aug-cc-pVTZ
Final energy is

1.
-1.

1692083528
1698469606

-268.89748

-2.0671414998
-1.1832369810

-0.1724884170
-1.7041556317

Single point calculation using SF-B5050LYP/aug-cc-pVTZ:
284.12214349 hartrees

Nuclear Repulsion Energy =
Final energy is

<S*kx2> =

oD DD DD DD DD m D =2=2 0000

0.1298

-1

.249787000000
.249787000000
.249787000000
.249787000000
.000000000000
.000000000000
.0569769000000
.0569769000000
.0569769000000
.0569769000000
.345374000000
.345374000000
.345374000000
.345374000000
.000000000000
.000000000000
.000000000000
.000000000000

-268.82850620

. 763192000000
.763192000000
.763192000000
.763192000000
.254664000000
.254664000000
.135516000000
.135516000000
.135516000000
.135516000000

1.175017000000

.175017000000
.175017000000
.175017000000
.285741000000
.285741000000
.810454000000
.810454000000

S16

.249155000000
.249155000000
.249155000000
.249155000000
.391260000000
.391260000000
.383332000000
.383332000000
.383332000000
.383332000000
.249768000000
.249768000000
.249768000000
.249768000000
.453009000000
.453009000000
.530905000000
.530905000000
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