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Table S1 Detailed amounts of reagents for Figure 1. In all cases, 0.12 g of AB (4.0 mmol) was

employed with various amounts of promoters.

AB:promoter (mmol) 4.0:0.5 4.0:1.0 4.0:2.3
EGDE 0.045 0.090 0.21
promoter DEGDE 0.067 0.13 0.31
()] T3EGDE 0.089 0.18 0.41
TAEGDE 0.11 0.22 0.51
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Table S2 Detailed amounts of reagents for Figure 4 and Figure S3. In all cases, 0.12 g of AB (4.0

mmol) was employed with various amounts of promoters.

AB:promoter (mmol) 4.0:1.0 4.0:20 4.0:3.0 4.0:40 4.050 4.0.6.0 4.0.7.0 4.0:8.0

Promoter/AB
(molar ratio)

0.25 0.5 0.75 1 1.25 1.5 1.75 2

EGDE 0.090 0.18 0.27 0.36 0.45 0.54 0.63 0.72

DEGDE 0.13 0.27 0.40 0.54 0.67 0.80 0.94 1.1
Solvent (g)

T3EGDE 0.18 0.36 0.53 0.71 0.89 1.0 1.2 1.4

TAEGDE 0.22 0.44 0.67 0.89 11 1.3 1.6 1.8
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Table S3 Calculated stabilization energies for AB-L (L = promoter).

Stablization
Reactions Energy

(AE, kcal/mol)
AB + TA4EGDE - AB-T4EGDE (1) -23.5
AB + T3EGDE - AB-T3EGDE (2) -19.0
AB + DEGDE - AB-DEGDE (3) -15.9
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Table S4 Computed energies of the DFT-optimized geometries in Figure 9.

Energy Relative Energy
(in Hartree) (in kcal/mol)
NH, -56.35931382 -
2AB -165.7240037 0.0
TS1 -165.7010630 14.4
4 + NH; -165.7079138 10.1
TS2 -165.6742325 31.2
DADB -165.7258196 -1.1
TAEGDE -767.8133821 -
2AB + TAEGDE -933.5373858 0.0
1+AB -933.5748512 -23.5
TS3 -933.5527244 -9.6
5+ NH, -933.5661071 -18.0
TS4 -933.5305927 4.3
DADB-T4EGDE -933.5676417 -19.0
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B, BH,

t=120 min

40 30 20 10 0 -10 -20 -30 -40

Fig. S1 B NMR spectra of the reaction residues following the dehydrogenations of neat AB (0.12 g,
4.0 mmol) at 85 °C with time. The NMR spectra were obtained by dissolving the residues in TAEGDE

0.5 g).
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DFT-optimized geometry of BCDB

Observed wave number (cm™) Calculated wave number (cm™)
N-H(cm™) ~3300 3355, 3477
B-H(cm™) ~2300 2326, 2343, 2401, 2446,
2461, 2508

o’e
e

J
DFT-optimized geometry of Borazine

Observed wave number (cm™) Calculated wave number (cm™)
N-H(cm™) ~3500 3515
B-H(cm™) ~2500 2541
N-B (cm™) ~1500 1431

#%

DFT-optimized geometry of p-aminodiborane

Observed wave number (cm™) Calculated wave number (cm™)
N-H(cm™) ~3500 3444 (weak)
3528 (weak)
B-H (cm™) ~1600 1681
~2550 2485
~2580 2575

Fig. S2 Comparison of the observed IR frequencies with the calculated ones of borazine, BCDB, and
p-aminodiborane (atom colors: pink, boron; blue, nitrogen; gray, hydrogen). The calculated IR

frequencies were scaled.
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BCDB
mu-aminoborane

Borazine

ppm

Fig. S3 "B{*H} NMR spectrum of the gaseous by-products following the dehydrogenation of AB
(0.123 g) with T4EGDE (0.05 g) at 85 °C for 3 hours. The gaseous by-products were trapped in the
T4EGDE solvent (0.5 g) before conducting *'B NMR spectroscopy.
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Fig. S4 Hy-releases from AB at 85 °C in the presence of different amounts of various solvents with
respect to 4.0 mmol of AB, (a) EGDE, (b) DEGDE, (c) T3EGDE and (d) TAEGDE; (m) 1 mmol, (e) 2

mmol, (A) 3 mmol, (¥) 4 mmol, (<*) 5 mmol, (<€) 6 mmol, () 7 mmol, and (®) 8 mmol.
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——85°C
——95°C
——105°C
DAPB
mu-aminoborane
BCDB BCDB :
borazine : ! AB: B:CDB ;
! polyborazylene [ ;
R R 1 1 1 1 1
40 30 20 10 0 10 20 30 40

Fig. S5 The product distribution after the dehydrogenation of AB (0.12 g, 4.0 mmol) in the presence
of T4EGDE (0.050 g, 0.23 mmol) upon increasing the temperatures from 85 °C to 105 °C, as
characterized by *B{*"H} NMR spectroscopy. The NMR spectra were obtained by dissolving the
residues in T4EGDE (0.5 g).
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The calculated HOMOs and LUMOs of AB and 1.

(a) AB

(b) AB*T4EGDE (1)

HOMO HOMO-1
Fig. S6 The calculated HOMOs and LUMOs of AB and 1.
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DADB
formation

ppm

Fig. S7 "B NMR Spectrum of spent-fuels following the dehydrogenations of AB (1.2 g) at 25 °C in
the presence of TAEGDE (AB:T4EGDE=4:2, mmol) after 11 days. The formation of DADB (-36

ppm) was confirmed in the NMR spectra.
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Fig. S8 An experimental setup for H, measurement.
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Fig. S9 H,-releases from AB (0.12 g) at 85 °C with and without the added H,O: o H,O (0.005 g), e
pristine AB.
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Cartertian coordinates for the DFT-optimized geometries:

AB

I T T 2 T T T W

-0.93800300
-1.24574600
-1.24529000
-1.24598300
0.73307600
1.09607300
1.10190900
1.09751700

0.00040200
-0.35545100
-0.78988100

1.14490800

0.00016400
-0.93033300

0.63831200

0.28928600

15

0.00009300
1.11682500
-0.86562600
-0.25075300
0.00018400
0.20048200
0.70331000
-0.90599500
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NH3

N 0.00000000 0.00000000 0.10817100
H 0.00000000 0.94937700  -0.25239900
H -0.82218500  -0.47468900  -0.25239900
H 0.82218500  -0.47468900  -0.25239900
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AB-T4EGDE (1)

r oo TTrxrrT O ODTTITOOOITITOIITOIIOIIIOOOITIITIO ITIO

2.37834700
3.27659500
2.18431200
1.19502500
1.19034200
1.28264500
-0.00069800
2.57713300
-1.19191700
-1.18839500
-1.27117700
-2.38119000
-3.27823700
-2.19731300
3.55441600
4.52326200
3.24605300
3.73694100
4.62234800
3.90987000
-2.57426600
2.58581700
-3.55966100
-4.52742500
-3.26205900
-3.73813200
-4.62868200
-3.90043300
2.69471500
2.80869500
1.77497500
3.54966500
-2.59074600
-2.69776200
-1.78138200

-2.23357300
-2.84840800
-2.20301500
-2.86927400
-3.94977700
-2.73546400
-2.27516500
-0.92062200
-2.86728000
-3.94911700
-2.72694300
-2.23716600
-2.84943100
-2.21755200
-0.19041900
-0.71737800
-0.08326200
1.17499400
1.65508500
1.06941500
-0.91915800
1.97475600
-0.19650700
-0.72451500
-0.09785200
1.17418400
1.64881300
1.07790600
3.28067700
3.25325800
3.81212100
3.82026700
1.97345800
3.28547400

3.81565900
17

0.07996600
-0.09924500
1.16188900
-0.62115900
-0.40289200
-1.71047500
-0.13814400
-0.42543400
-0.63400300
-0.42233900
-1.72315200
0.06205800
-0.13141600
1.14605600
0.30316000
0.27533000
1.35357600
-0.32538500
0.12230400
-1.40782900
-0.43207200
-0.08995300
0.29286600
0.25105900
1.34727100
-0.32535700
0.11793900
-1.41030700
-0.62968700
-1.72369500
-0.37655300
-0.19562500
-0.07141700
-0.59670400
-0.32922000
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I T T @® T T T Z2 I =T

-2.80227800
-3.55757000
0.00098800
0.82738300
-0.83092600
-0.00164600
0.01183200
-0.99556300
1.02370000
0.01457700

3.27073900
3.81808800
0.60478800
1.11253200
1.11092400
-0.29686400
0.40629800
-0.22127200
-0.22000700
1.51822500

18

-1.69189900
-0.16364700
0.93227600
0.60759300
0.61952100
0.44825600
2.54766100
2.83201200
2.81910600
3.04377100
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AB-T3EGDE (2)

r r r r r oocooorxrxrr€rxoOHITITITOITITOITITOITXTOIITOITITO IT IO

-0.58037600
-0.51036200
-1.05983000
0.80775400
1.32896200
0.73265100
2.81744600
3.42880200
2.75649600
3.49493000
4.55693900
3.44012400
-2.67367300
-3.22736200
-2.66028700
-3.38049500
-4.46342400
-3.20956500
-3.57693600
-3.17960600
-3.38572000
-4.66158900
3.49567300
2.95088900
3.45625300
4.54556300
-2.91263800
2.87124000
1.51933900
-1.34376600
-0.39283300
-0.62740900
0.89069800
-1.60834300
-0.06770700

2.55768700
2.64589500
3.46971100
2.44140900
3.40573500
2.22512000
1.18823300
2.10124400
0.92301500
0.06949200
0.03591200
0.26696500
1.43519100
2.27443200
1.57329400
0.13790400
0.28326500
-0.12196800
-2.13707200
-2.85656700
-2.49747300
-2.03770400
-2.28495900
-3.17430000
-2.20853500
-2.37303500
-0.90027400
-1.16841000
1.40921200
1.41431700
-0.34947000
-1.71047500
-1.33098200
-2.05755000

-3.30206000
19

-0.15290600
-1.24776000
0.23878500
0.44285700
0.32138700
1.51963000
0.30856100
0.21361800
1.37500500
-0.45589900
-0.16349100
-1.53782300
-0.30719900
0.14373600
-1.39876400
0.03016800
-0.11974400
1.08552600
-0.58082000
-1.30039400
0.43821600
-0.73903800
-0.76387600
-0.44144600
-1.86044900
-0.44881600
-0.82002200
-0.14685700
-0.22314300
0.20193300
0.59248600
-0.24248400
0.30253600
2.12255300
1.72014900
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H 0.24400200 -1.61497000 2.79558000
B -0.40956900  -2.15004900 1.92026200
-0.10412100  -1.32932900 0.54415400
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AB-DEGDE (3)

rI rTrT O r T rT O X r rZ2 I IT I ® ITOIOITOTITTITOOITTITOTIO

-2.38429200
-2.31687400
-1.18771300
-1.19199400
-1.25762300
-0.00022500
1.18737800
1.25710400
1.19199200
2.38383500
2.31614700
-2.43135900
-3.30116500
2.43106000
3.30075500
0.00177200
1.01498200
0.00159500
-1.01025000
0.00002500
0.82461800
-0.00017800
-0.82563800
3.54576600
3.49773000
4.49172300
3.51749600
-3.54615600
-4.49206500
-3.49807300
-3.51803600

-1.14888500
-1.81464000
-1.35889200
-0.61441500
-2.36381500
-1.24507800
-1.35927300
-2.36426400
-0.61485600
-1.14942900
-1.81508300
0.20835500
-1.39768300
0.20784700
-1.39845700
2.47762900
3.13224000
1.46393500
3.13370100
1.98442300
1.41742100
2.79123200
1.41833400
0.49628600
1.55839900
0.29512500
-0.09530700
0.49686500
0.29578000
1.55896800
-0.09474700

21

-0.01787800
-0.89216000
0.88581900
1.69486400
1.33510600
0.11326900
0.88561400
1.33477500
1.69470600
-0.01827800
-0.89261900
-0.44221500
0.53998200
-0.44245400
0.53940300
1.68479000
1.83442500
2.36058300
1.83613800
0.11935900
-0.10268200
-0.50122500
-0.10099500
-1.27104900
-1.52019900
-0.74745500
-2.19791700
-1.27067000
-0.74696100
-1.51985500
-2.19752800
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TS1 (Figure 10)

I r* Zz r* r* * * Z2 T T T T T IT W @

-0.63406000
2.09896600
-1.08282000
0.92909900
-0.49080600
-0.48948300
2.64955800
2.65453300
2.01432600
2.93937900
1.50234500
1.49697700
-3.31306800
-3.04611800
-3.45692400
-3.44077800

0.52296200
0.80125300
1.62967200
1.19554200
-0.06021700
-0.07029900
1.12384600
1.12413800
-0.83135400
-1.25707600
-1.15539200
-1.15527400
-1.18620100
-0.20751600
0.28310300
0.17916800

22

0.00040100
-0.00035100
0.00629900
0.00265000
-1.04064500
1.03563800
-1.02478800
1.02133300
0.00003800
-0.00298400
0.82049800
-0.81713200
-0.06002600
-0.00053900
-0.78955100
0.85196300
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NH3BH2(u-H)BH3 (4) (Figure 10)

I r* r Z2 T T T T T T W W

-1.65107400
0.39149400
-1.38562700
-0.86622700
-2.68337200
-1.39781300
0.75579800
0.58674300
1.08600900
2.09856600
0.72172000
0.86604700

-0.24188000
0.94323300
-0.71948400
0.85759000
0.36869200
-0.93012500
1.53349600
1.46538900
-0.50967600
-0.42889800
-1.06780500
-1.01789000

23

0.00217100
-0.00065800
1.07961900
-0.16696800
-0.05123500
-0.96034100
-0.98157400
1.05992400
0.00076200
0.08928100
0.77491600
-0.85652600



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

TS2 (Figure 10)

I r* r Z2 r* * * Z2 T T T T T IT W @

2.66686100
-0.22473600
3.67334700
1.65540500
2.57771000
2.61631500
-0.32732200
-0.25311800
0.21244700
-0.28155600
0.15727100
1.25763900
-2.36573300
-2.64788400
-2.83733500
-2.72809800

-0.37963700
-0.54805100
-0.99018400
-1.07530600
0.61983700
-0.01485100
-1.00295700
-1.15776000
0.94867000
1.55322900
1.34657500
0.91691300
-0.20758000
-1.18492000
0.26546800
0.17476300

24

0.04676400
-0.07973300
-0.23088900
-0.20171300
-0.70694500
1.21310600
-1.17097800
0.93501700
-0.01190600
-0.66503000
0.92376500
-0.27636800
0.03607900
0.00090200
-0.73324900
0.90801800
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DADB (Figure 10)

I r r r W Tr r* r* Z2 T T T Z2 IT T @

1.40984900
1.56314800
2.43216000
0.53512700
0.93021500
0.50394700
-0.47151100
0.53433900
0.92812500
-0.47224700
0.50307200
-2.27809700
-1.89386000
-1.89617400
-3.48639600
-1.78549900

-0.00052300
-0.00052600
-0.00053800
1.28609200
2.10766700
1.47953500
1.18669200
-1.28610100
-2.10803600
-1.18512100
-1.47987900
0.00027900
-0.99578700
1.00194700
-0.00132600
-0.00334800

25

-0.25690200
-1.44943300
0.38056200
0.12678000
-0.32939700
1.12787100
-0.18054700
0.12686200
-0.32980500
-0.18038500
1.12788300
-0.06353300
-0.69975500
-0.69239700
-0.01453000
1.06661100
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TS3 (Figure 10)

oOrroIrororr6OoITITOOITITTOITIODIIZIT I I T Z2 I T T T T T W@

3.56462400
0.62668100
3.64302100
1.85975800
3.84507700
3.25533600
0.19664200
0.17257800
0.24460500
-0.76933200
0.60645600
0.61618300
6.24529100
5.91146400
6.23696700
6.31986700
-3.55251900
-3.81661500
-2.67748100
-2.25190400
-3.29813000
-1.64459600
-0.70545300
-1.20618900
-0.24892800
0.36909100
-0.09085700
-2.85906300
-4.48202600
1.17680400
0.98739000
-3.58743400
-4.57382200
-3.74516200
-2.83290300

-0.06934300
-0.18649900
1.05139600
-0.18427700
-0.99775300
-0.26317400
-1.26074500
0.75673600
-0.00913300
0.00297700
0.87175900
-0.78063300
0.73991300
0.02491800
-0.87979000
0.19842300
-1.22702000
-1.34772000
-2.38093200
-2.16370600
-3.28974600
-2.57356800
-3.56729700
-4.54518100
-3.30437700
-3.68325300
-3.82120900
-0.00225000
-1.22999400
-2.51639800
-4.56851300
1.13816600
1.16067200
1.10556600

2.39583000
26

1.60258000
2.13893700
2.01503900
2.20226500
2.30349200
0.45798100
2.51398600
2.75299500
0.58371300
0.44273300
0.20695300
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T4EGDE---NH3BH2(u-H)BH3 (5) (Figure 10)
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TS4 (Figure 10)
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T4EGDE---DADB (Figure 10)
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