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Figure S1

. Pseudo-hexagonal package of hydrogen-bonded ruthenium cations in the structure of [RuNOPy4OH](ClO4)2·H2O.

The package of layers in the structure of [RuNOPy4H2O](ClO4)3·2H2O.



The package of layers in the structure of [RuNOPy4Сl](ClO4)2·H2O. Hydrogen bonds between perchlorate anions 
and water molecules are shown in dash.

Table S1. Selected geometrical parameters and vibrational frequencies (cm-1) of [RuNOPy4X]n+ complexes for X = 
OH-, Cl-, and H2O calculated in the gas phase.

GS, Ru-NO MS1, Ru-ON

1, G 2, W 3, Cl 1, G 2, W 3, Cl

Ru-NO 1.783 1.752 1.778 1.868 1.843 1.869

N-O 1.153 1.138 1.149 1.153 1.139 1.149

Ru-Py 2.098 2.103 2.104 2.088 2.094 2.094

Ru-X 1.931 2.099 2.278 1.910 2.058 2.245

mean Py tilt 54.1 43.8 46.4

Ru shift 0.130 0.142 0.095

(NO)DFT 1916 1999 1931 1837 1902 1846

(NO)exp 1873 1933 1906 1728 1780 1766



Table S2. Molecular orbitals in the ground and metastable states of complex 3 [RuNOPy4Cl]2+.

GS MS1
Energy, eV Occ. Scheme Energy, eV Occ. Scheme

-14.059 2 -14.071 2

-13.961 2 -13.908 2

-13.953 2 -13.899 2

-13.708 2 -13.693 2

-13.653 2 -13.491 2

-13.650 2 -13.486 2

-13.342 2 -13.330 2

-13.130 2 -12.980 2

-13.129 2 -12.979 2

-12.972 2 -12.762 2

-10.573 0 -11.128 0

-10.572 0 -11.127 0

-9.231 0 -9.307 0

-9.013 0 -8.804 0



-8.817 0 -8.799 0

-8.812 0 -8.790 0

-8.800 0 -8.782 0

-8.796 0 -8.689 0

-8.404 0 -8.428 0

-8.106 0 -8.106 0



Table S3. The excitation energy (eV), oscillator strength (times 103), and transition of the electron density between 
molecular orbitals of the computed TD-DFT transitions in complexes 1-3 and their metastable states.

1, [RuNOPy4OH]2+

GS MS1

2.56,
2.9250

1.79,
0.5152

2.69,
0.5884

1.84,
1.4740

2.75,
3.5900

2.01,
1.8960

3.00,
0.6146

2.37,
1.2490

3.07,
0.1347

2.43,
0.5849

3.15,
0.6825

2.51,
0.5977

3.16,
0.6325

2.54,
0.0262

3.19,
0.0578

2.57,
0.0432

3.23,
0.3038

2.63,
0.2574

3.35,
0.1855

2.72,
0.1421



2, [RuNOPy4H2O]3+

GS MS1

2.20,
1.2050

2.20,
2.3150

2.25,
0.8884

2.25,
0.5055

2.34,
3.3520

2.34,
2.5970

2.38,
1.3750

2.38,
0.3715

2.40,
3.8740

2.40,
0.1011

2.44,
0.2758

2.44,
0.0723

2.45,
0.6423

2.45,
0.1493

2.51,
0.1703

2.51,
0.0685

2.71,
0.6206

2.71,
0.0847

2.76,
0.3985

2.76,
0.1547



3, [RuNOPy4Cl]2+

GS MS1

2.54,
3.2460

1.75,
1.7120

2.54,
3.2220

1.75,
1.7200

2.56,
0.0708

1.85,
0.0028

2.63,
0.0021

2.04,
6.7·10-05

2.64,
0.0026

2.04,
0.0012

2.77,
0.5972

2.21,
0.1817

2.77,
0.6018

2.21,
0.1863

2.81,
2.5760

2.29,
2.0550

3.09,
0.1046

2.37,
0.1097

3.14,
0.2122

2.43,
0.0014



Fig. S2. The normalized (NO) absorption of the studied Ru-ON mixture in blue, red, and green data points from 
left to right, respectively. For the compound 1, the complexes are fac-K2[RuNO(NO2)2Cl3], trans-
[RuNOPy4OH](ClO4)2·H2O (1), and [RuNO(NH3)5]Cl3 . For the compound 2, the complexes are trans-
[RuNO(NH3)4OH]Cl2, [RuNO(NH3)5]Cl3, and trans-[RuNOPy4H2O](ClO4)3·H2O (2). Note that blue data points 
from trans-[RuNO(NH3)4OH]Cl2 are contaminated by the trans-[RuNOPy4OH](ClO4)2·H2O (1). For the compound 
3, the complexes are cis-Cs[RuNO(NH3)Cl4]·H2O, trans-[RuNOPy4Cl](ClO4)2·H2O (3), and [RuNO(NH3)5]Cl3.

Complex 1, first sample
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Complex 1, second sample
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Complex 2, first sample
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Complex 2, second sample

25 50 75 100 125 150 175 200

0.0

0.2

0.4

0.6

0.8

1.0

150

200

250

300

N
or

m
al

iz
ed

 M
S1

 IR
 a

bs
or

pt
io

n 

Time [s]

Te
m

pe
ra

tu
re

 [K
]



Complex 3, first sample
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Complex 3, second sample
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Fig. S3. Isothermal kinetic of MS1 – GS transformation for [RuNO(Py)4OH](ClO4)2·H2O. The sample pellet was 
cooled in a cryostat to 80 K, irradiated by 445 nm 100 mW LED. Next, the sample was heated to a specific 
temperature and the MS1 absorption band was monitored over time. The curves were treated as first-order kinetic. 
The activation parameters were determined from the Arrhenius plot lnk – 1/(RT): Ea = 50.9 (7.5) kJ mol-1, lg(k0) = 
9.6(1.8). Td = 212(3) K.



Fig. S4. The reaction cavities accessible for the atom nucleus of NO group in the complexes 1-3. Z-axe is the 
direction of Ru-N-O.

trans-[RuNOPy4OH](ClO4)2·H2O (1) – two symmetrically inequivalent fragments

trans-[RuNOPy4H2O](ClO4)3·2H2O (2)

trans-[RuNOPy4Cl](ClO4)2·H2O (3)



Fig. S5. Voronoi-Dirichlet polyhedrons for the NO group in complexes 1-3. 

trans-[RuNOPy4OH](ClO4)2·H2O (1) – two symmetrically inequivalent fragments

trans-[RuNOPy4H2O](ClO4)3·2H2O (2)

trans-[RuNOPy4Cl](ClO4)2·H2O (3)


