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Experimental details
Materials
Lithium nitride (Li;N) was synthesized by nitriding metallic lithium via the following reaction:
6Li+N,—~2Li;N (R1)
Lithium pellet (Sigma-Aldrich, purity 99%) was used as a starting material. The product after
nitrogenation was confirmed as pure Liz;N by XRD measurement (Fig S1), which consists of both B and a
phases of LisN. In order to evaluate the thermodynamic and kinetic isotope effects of Li-N-H system,
hydrogenated samples were prepared via reactions (LizN + H, «» Li,NH + LiH and Li,NH + H, — LiNH,
+ LiH). The reactions were carried out in a stainless-steel pressure vessel. Li;N was soaked in 20 bar of
H,, D; and H,-D, mixture gases at 473 K for 10 h and subsequently ball milled for 10 h. Repeating the
above steps three times to ensure the complete hydrogenation process. The Li;N samples hydrogenated
in Hy, D, and H,-D, mixture gases are simplified as Li-N-H, Li-N-D and Li-N-HD in the following text

for short. The purity of gases mentioned above are higher than 99.999%.

Measurement for isotope separation factor

The isotope separation factor was measured by single equilibration technique using a home-made
apparatus. Take the Li-N-HD sample with certain deuterium concentration as starting material. The
sample was heated to 473 K, 503 K, 543 K and preserved for 3 hours, respectively. The equilibrium
released gas of Li-N-HD sample was collected for MS measurements. The MS signals of H, and D, are
calibrated using linear fitting. Several H,-D, mixtures with certain molar ratio were prepared and
analyzed by MS for quantitatively measuring the responsive intensities of isotopes in MS corresponding
to their molar ratio. The responsible intensity of hydrogen isotope in MS and its molar ratio is
summarized in table 1.

Table 1. The responsible intensity of hydrogen isotope in MS and its molar ratio

Intensity ratio (D,/H,) Molar ratio (D,/H,)
0.067 0.267

0.179 0.662

0.27 1

0.498 1.819




0.875 3.112

By plotting the above data for fitting (shown in Fig. S3), the relationship of responsible intensity of
hydrogen isotope in MS and its molar ratio is derived, which is used for calculating D/H on the base of
MS results. The average of H, and D, was used as the calibration value for HD since HD gas is not

commercially available.

According to the single equilibration technique, the home-made apparatus is comprised of a reactor,
mixture gas resource, pressure manometer and mass spectrometer equipped with vacuum system which

has been illustrated in Fig. S4. ['l The volume of each chamber has been calibrated in advance.

The hydrogen isotope separation factor was calculated by the following equation, where ([D]/[H]),s and

([DV/[H])soliq are the ratio of deuterium to hydrogen in gas phase and solid phase, respectively.

@y =(((DV[HDgas)/ (DY [H])so1ia) (R2)
A certain amount of H»-D, gas mixture was introduced into the reactor at different temperature such as
453K for hydrogenating Li;N. Thus, the [D]/[H] solid could be derived on the base of pressure and MS
data collected during hydrogenation. Subsequently, the isotope separation measurements of Li-N-H
system were carried out at different temperature. The release gas from reactor is the [D]/[H] gas which

could be directly analyzed by MS.

Measurements for pressure-concentration isotherm (PCI)
Pressure-concentration isotherm (PCI) measurements were carried out by a home-made Sievert-type
apparatus for evaluating the thermodynamic property of Li-N-H/Li-N-D system. The original
experimental data such as temperature and pressure were monitored and recorded automatically by
computer. The exact volume of each part containing reservoir had been carefully calibrated. The
hydrogen released during desorption could be calculated by using equation R3, where P is the equilibrium
pressure, V is the volume of reactor, n is the molar of sample, R is thermodynamic constant (8.314) and
T is temperature.

PV=nRT (R3)

The PCI desorption tests were performed at 548 K, 558 K and 593 K for Li-N-H and Li-N-D samples.



Accoding to van’t Hoff equation (R4), where P is desorption equilibrium pressure, R is thermodynamic
constant and T is temperature.
P, _AH AS (R4)

In(—) =
(P® RT R

The logarithm of the plateau pressure versus the reciprocal of the absolute temperature could yield a

straight line, from which the enthalpy and entropy could be calculated.

Measurements for desorption kinetics

The kinetic isotope effects were characterized using a home-made temperature programmed desorption
system which is equipped with a mass spectrometer (HPR20, Hiden) (TPD-MS). The heating rate was
controlled as 2, 4, 6, 8 K/min. Using Kissinger’s method (R5), where T, is the peak temperature of

desorption, B is heating rate, Fa is activation energy and R is thermodynamic constant.

d[in(B/T3)/d(Y/Tp)] =- E./R R5)

2
The activation energy Ea can be calculated from the slope of ln(ﬁ/TP) versus 1/Tp.

Characterizations

Powder X-ray diffraction (XRD) measurements were conducted using an X’Pert Pro diffractometer with
Cu Ko radiation at 40 kV and 40 mA. Fourier Transform Infrared (FT-IR) spectra were recorded using
a Bruker Tensor II under a diffuse reflectance infrared Fourier transform (DRIFT) mode. In order to
monitor the transformation of nitrogen-based species during H/D exchange process, an air-tight in-situ
reactor was designed for FT-IR measurement. The spectra were recorded in a range of 4000-400 cm™! at
elevated temperature and H/D gas atmosphere with 32 scans and a resolution of 4 cm!. For avoiding
oxidation of the sample, before the XRD measurements, all powders were loaded in an air-tight sample

holder equipped with a foil hood and then sealed in the glovebox.
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Fig. S1. XRD of as-synthesized Li;N.
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Fig. S2. TPD curve of Li-N-HD sample and the enlarged curve of starting point.
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Fig. S3. Fitting curve of intensity of hydrogen isotope in MS versus its molar ratio.
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Fig. S4. Illustration of home-made apparatus for measuring hydrogen isotope factor
(O Mixture gas resource, @ Reactor, (3 Mass spectrometer, @) Reservoir, 6) Pressure manometer,

® Vacuum pump ).
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