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Spectroscopic characterization of the samples having Mg(en)1(BH4)2 and Mg(en)1.2(BH4)2 nominal 
compositions

Figure S1. ATR-FTIR spectra for the samples of the nominal compositions Mg(en)(BH4)2 and Mg(en)1.2(BH4)2, 
compared to the spectrum reported in Ref. 1.

Figure S2. Solid state 11B NMR spectra for the samples of the nominal compositions Mg(en)(BH4)2 and 
Mg(en)1.2(BH4)2, along with the spectrum of the precursor γ-Mg(BH4)2. There are also some small peaks at 14.8 
ppm and at 42.2 ppm and a bump around 14.8 ppm, we attribute them to hydrolysis products resulting from 
handling the samples for the NMR experiment.
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Detailed description of the crystal structure of Mg(en)1.2(BH4)2

The [Mg3(en)5(BH4)4]2+ cation is constituted of the coordination polymer strains  ̶[Mg2+(κ2-en)2(μ2,κ1,2:κ2-
BH4

−)Mg2+(κ2-en)(κ2-BH4
−)(μ2-en)Mg2+(κ2-en)(κ2-BH4

−)(μ2,κ2:κ1,2-BH4
−)]̶. The central core of the polymer strands 

[{Mg2(κ2-en)(κ1,2-BH4)(κ2-BH4)}2(μ2-en)] is actually formed by two Mg(en)1(BH4)2 fragments connected by a 
bridging en. One BH4

− group (r[(B)H1∙∙∙Mg] = 1.99(5) Å, ∠Mg∙∙∙H1B = 102(3)°; r[(B)H2∙∙∙Mg] = 2.10(5) Å, ∠Mg∙∙∙H2B 
= 96(3)°; r[B∙∙∙Mg] = 2.497(9) Å) has an asymmetric bidentate coordination mode (κ2). Another BH4

− group serve 
as bridging ligand between neutral [{Mg2(κ2-en)(κ1,2-BH4)(κ2-BH4)}2(μ2-en)] fragment and cationic [Mg(κ2-en)2]2+ 
fragment lead to [Mg3(en)5(BH4)4]2+ complex cation formation. It has bidentate coordination (κ2) to one Mg atom 
in the central neutral core (r[(B)H1∙∙∙Mg] = 2.04(5) Å, ∠Mg∙∙∙H1B = 100(3)°; r[(B)H2∙∙∙Mg] = 2.07(5) Å, ∠Mg∙∙∙H2B = 
99(3)°; r[B∙∙∙Mg] = 2.49(1) Å)  and mixed coordination mode (κ1,2)2, 3 to Mg in cationic fragment (r[(B)H1∙∙∙Mg] = 
2.28(6) Å, ∠Mg∙∙∙H1B = 107°; r[(B)H2∙∙∙Mg] = 2.46(6) Å, ∠Mg∙∙∙H2B = 96°; r[B∙∙∙Mg] = 2.809(10) Å). These distances 
are farther than what is usually encountered in the literature with r[(B)H∙∙∙Mg] = 2.01–2.12 Å and r[B∙∙∙Mg] = 2.39–
2.45 Å.4

The [{Mg(κ3-BH4)(κ2-BH4)2}2(μ2-en)]2− anion is constituted of two [Mg(BH4)3]− fragments connected by a bridging 
en. One BH4

− group connected to each Mg atom (r[(B)H1∙∙∙Mg] = 2.12(5) Å, ∠Mg∙∙∙H1B = 82(2)°; r[(B)H2∙∙∙Mg] = 
2.15(5) Å, ∠Mg∙∙∙H2B = 81(3)°; r[(B)H3∙∙∙Mg] = 2.22(5) Å, ∠Mg∙∙∙H3B = 78(2)°;  r[B∙∙∙Mg] = 2.276(9) Å)  has tridentate 
coordination mode (κ3). Another two BH4

− groups (r[(B)H1∙∙∙Mg] = 2.01(4) Å, ∠Mg∙∙∙H1B = 99(3)°; r[(B)H2∙∙∙Mg] = 
2.01(5) Å, ∠Mg∙∙∙H2B = 99(3)°; r[B∙∙∙Mg] = 2.434(8) Å and r[(B)H1∙∙∙Mg] = 1.99(5) Å, ∠Mg∙∙∙H1B = 100(3)°; 
r[(B)H2∙∙∙Mg] = 2.06(5) Å, ∠Mg∙∙∙H2B = 96(3)°; r[B∙∙∙Mg] = 2.437(8) Å) have bidentate coordination mode (κ2).

Crystal structure of Mg(en)1.2(BH4)2 is also stabilized due to formation network of monodentate and bifurcate 
(B)H∙∙∙H(N) dihydrogen bonds5-8 with r(H∙∙∙H) distances 2.04–2.36 Å (that less than sum of van der Waals radii for 
two H atoms, ∑rvdW(H–H) = 2.4 Å) and ∠NH∙∙∙H(B) = 136–171° and ∠BH∙∙∙H(N) = 91–108° (Table S1). Dihydrogen 
bonds are responsible for the additional adhesion force within the cation, anion, and between them.

Table S1. Geometry of dihydrogen bonds in Mg(en)1.2(BH4)2.

(N)H H(B) r[H∙∙∙H], Å ∠NH∙∙∙H(B), ° ∠(N)H∙∙∙HB, ° Localisation

H15A H18D 2.04 171 107

H15A H18C 2.34 138 91

H12B H24C 2.19 136 108

Within cation

H22A H18B 2.11 148 105

H22A H18D 2.36 162 92
Cation-anion

H22B H25C 2.28 143 99

H22B H25D 2.23 162 103
Within anion
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Figure S3. Crystal structure of Mg(en)1.2(BH4)2 with empty voids (with coordinates 0.247 0.937 0.931 and 0.375 
0.166 0.752) shown in ochre.
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Characterization of the impurity phases

Figure S4. The SR-XPD of the isolated “impurity phase”, marked as I in Figure 1.

Description of the crystal structure of Mg(en)2(BH4)2

The crystal structure of Mg(en)2(BH4)2 is displayed in Figure 5. It is composed of [Mg(κ2-en)2(κ2-
BH4)]+ cations and BH4

− anions. One BH4
− is coordinated to Mg atom (r[(B)H∙∙∙Mg] = 2.06 Å, 

∠Mg∙∙∙HB = 92; r[B∙∙∙Mg] = 2.458 Å) in a bidentate manner (κ2). Another BH4
– anion is not 

coordinated to the metal atom, but it is linked by a series of dihydrogen bonds6, 9: r(H∙∙∙H) 
distances 1.97–2.28 Å and ∠NH∙∙∙H(B) = 134–160° and ∠BH∙∙∙H(N) = 95–108° (Table S2).

Table S2. Geometry of dihydrogen bonds in Mg(en)2(BH4)2.

(N)H H(B) r[H∙∙∙H], Å ∠NH∙∙∙H(B), ° ∠(N)H∙∙∙HB, °

H12 H2 1.97 136 108

H11 H2 2.15 135 101

H11 H1 2.28 160 99

H9 H2 2.28 134 95
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Figure S5. Fragments of the crystal structure of Mg(en)1.2(BH4)2 showing ADPs as 50% probability ellipsoids.
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