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Abstract 9 

Mixed oxide hydride anion systems constitute a novel class of materials exhibiting intriguing 10 

properties such as solid–state hydride ion conduction and fast anion exchange. In this 11 

contribution we derive the kinetics of hydride ion transport in a mixed oxide-hydride system, 12 

SrTiO3–xHx through isotope exchange and depth profiling. DFT calculations indicate that 13 

migration of H
–
 to neighboring vacant oxygen lattice sites is fast, but that long-range transport is 14 

impeded by slow reorganization of the oxygen sublattice. From measured hydride tracer 15 

diffusion coefficients and the correlation factors derived from DFT, we are able to derive the 16 

hydrogen self–diffusion coefficients in SrTiO3–xHx. More generally, the explicit description of 17 

hydride ion transport in SrTiO3–xHx through combination of experimental and computational 18 

methods reported in this work can be applied to explore anion diffusion in other mixed anion 19 

systems.  20 
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Introduction 21 

Hydride ion defects have been reported in many main group metal oxides, leading to 22 

unintentional n-type conductivity in ZnO, 
1-3

 but also enabling e.g. light-induced insulator-23 

semiconductor transition in Mayenite (12CaO•7Al2O3). 
4-5

 In recent years, several transition 24 

metal perovskites such as ATiO3–xHx (A = Ba, Sr and Ca), have been shown to dissolve up to  25 

20% of hydride ions at the expense of oxide ions upon reaction with CaH2, forming so-called 26 

oxyhydrides. Such oxyhydrides exhibit solid-state hydride ion conductivity, and fast hydrogen 27 

exchange, rendering them potential alternatives to traditional ionic conductors in energy 28 

applications and novel catalysts. 
4-8

 Hydride ion incorporation in e.g. ATiO3–xHx is however 29 

accompanied by reduction of Ti, 
9-11

 inducing semiconducting or metallic behavior, which 30 

overshadows any partial hydride ion conductivity. Quantification of the kinetics of hydride ion 31 

transport and exchange of these mixed anion systems through electrochemical methods is as such 32 

challenging.  33 

So far, the only report of direct measurement of hydride ion conduction is for a series of ionic 34 

oxyhydrides, La2–x–ySrx+yLiH1–x+yO3–y 
7
 and Ln2LiHO3 (Ln = La, Pr and Nd) 

12
. Bridge et al. 

13
 35 

probed diffusion of hydride ions in LaSrCoO3H0.7 by using quasielastic neutron scattering 36 

(QENS) and reported that hydride ions diffuse through vacant hydride sites with an activation 37 

energy of 0.23 ± 0.045 eV. However, the QENS data collection requires few hours at each 38 

temperature, which may result in oxyhydride decomposition. Tang et al. implemented the 39 

Kissinger method to estimate the apparent activation energies of H2 release and H/D exchange 40 

for BaTiO3–xHx and LaSrCoO3H0.7, trying to link the activation energies to the migration 41 

enthalpy of hydride ions. 
14

 This is, however, an indirect method. In addition, along with several 42 

reports, 
14-15

 they hypothesized the hydride ion migration will be impeded by the oxide ion 43 

motion, but this has so far not been shown by any experimental data.  44 

Yajima et al.
10

 annealed ATiO3–xHx (A = Ba, Sr, Ca) oxyhydride thin films in deuterium gas 45 

followed by characterization by means of secondary ion mass spectrometry (SIMS). It was found 46 

that the hydride ions in these oxyhydride films can be exchanged by deuteride ions (D
–
), without 47 

changing the composition beyond the isotope exchange; the same behavior as reported for 48 

powder samples.
10, 16

 Accordingly, tracer annealing and depth profiling by SIMS can potentially 49 

be applied to investigate the kinetics of hydride ion transport in oxyhydrides.  50 
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In the present study, the kinetics of hydride ion transport in SrTiO3–xHx oxyhydrides is 51 

determined by means of isotope exchange followed by SIMS depth profiling on thin films. First 52 

principles calculations are furthermore adopted to reveal the mechanisms of hydride ion 53 

diffusion and correlation effects by oxide ions on the hydride ion tracer diffusion.  54 

Experimental procedure 55 

SrTiO3 (STO) thin films (~80 nm) were deposited by Pulsed Laser Deposition (PLD) on 56 

(LaAlO3)0.3(SrAl0.5TaO3)0.7 (LSAT) substrates, followed by deposition of a thin (~4 nm) 57 

amorphous LaAlO3 (LAO) film to protect the surface of STO films from being over–reduced in 58 

the following CaH2 treatment, yielding a uniform hydride concentration within the STO layer. 59 

The deposited films and CaH2 powder were vacuum–sealed in a Pyrex ampule, and then treated 60 

at 530 °C for different reaction times; 1 day, 3 days and 5 days, hereafter denoted as STOH–1, 61 

STOH–3 and STOH–5, respectively. The lattice parameters of as–deposited and CaH2 treated 62 

STO films were investigated by thin film X–ray diffraction. The thin–film specimens were 63 

annealed in ~800 mbar D2 (Chemical purity > 99%) at different temperatures. This D2 pressure 64 

was chosen during the tracer measurements since it corresponds to the H2 pressure forming when 65 

annealing CaH2 in reaction chamber of isotopic exchange. Diffusion profiles were determined by 66 

SIMS.  67 

All first principles calculations were conducted using Density Functional Theory (DFT) as 68 

implemented in the VASP code. 
17-18

 The GGA–PBE exchange correlation functional was 69 

applied with a Hubbard–U correction (GGA+U) of 4.49 eV to Ti 3d orbitals.
19

 The minimum 70 

energy path (MEP) for anion migration between two stable configurations was determined by 71 

using the climbing–image Nudged Elastic Band (ci–NEB) method.
20-21

 Further details of 72 

experimental procedures and methodologies are presented in the Supplementary Information  73 

(SI-1 section).  74 

Results and discussion 75 

The quality and orientation of the as–deposited and CaH2 treated STO films were initially 76 

investigated by XRD (Figure 1). As only the (00l)–reflections are visible in the θ–2θ–scans, it is 77 

evident that the films are oriented in the out–of–plane direction, the (00l)–direction. ϕ–scans of 78 

the (103)–reflections of the substrate and the films (SI–Figure 2) show that the films are oriented 79 
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in–plane as well as out–of–plane, giving the epitaxial relationship 80 

STO(001)|[100]||LSAT(001)|[100] with the substrate for the as–deposited and CaH2–treated 81 

films. Reciprocal Space Maps (RSM) of the (103)–reflection are employed to study strain in the 82 

films, and RSM of STO and STOH–5 are shown in Figure 1B and 1C, respectively. From the 83 

position of the film peaks in q|| in the RSM, it is evident that these STO films are strained by the 84 

LSAT substrate, and all CaH2–treated films have the same in–plane lattice parameters. The 85 

smaller lattice parameter of the LSAT substrate induces in–plane contraction, making the STO 86 

films compressively strained. RSM of STOH–1 and STOH–3 are shown in SI–Figure 3, and the 87 

cell parameters of all thin films in this study are summarized in SI–Table 1.  88 

 89 

Figure 1. A): θ–2θ scans of STO–as–deposited and CaH2 treated films. The STO peak shifts 90 

towards lower angles, indicating that the cell parameter out–of–plane increases with increased 91 
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hydride treatment. B): RSM of the (103)–reflection on STO–as–deposited; C): RSM of the 92 

(103)–reflection on STOH–5. 93 

The out–of–plane (c–axis) lattice parameter of the as–deposited STO film is 3.920 Å, which is 94 

close to the lattice parameter of bulk STO (3.905 Å). Bouily et al. reported that the hydride 95 

content in SrTiO3–xHx thin films can be controlled by varying the CaH2 reaction time: E.g., 96 

increasing the exposure time from 1 day to 5 days, the hydride content increases from x = 0.25 to 97 

x = 0.45. 
9
 Indeed, in our study, we observe the lattice parameter of the STO films increases, 98 

suggesting that the hydride ion content is increasing with increased reaction time (as shown in 99 

SI–Figure 4). The cell expansion upon hydride ion incorporation is consistent with a previous 100 

report on STO powder samples. 
16

 Considering that our experimental setup and conditions are 101 

similar to the previous experimental report, 
9
 the compositions of STOH–1, STOH–3 and 102 

STOH–5 are estimated to be SrTiO2.75H0.25, SrTiO2.65H0.35 and SrTiO2.55H0.45, respectively. RSM 103 

results have further shown that the out–of–plane lattice parameter changes on increased CaH2 104 

reaction time, while the in–plane lattice parameters remain the same due to strain from the 105 

substrate.
16

 The (00l)–reflections from the LSAT substrate do not shift, hence it may be taken 106 

that the substrate is inert and that hydride anions do not dissolve in it.  107 

High resolution Scanning Transmission Electron Microscopy (STEM) images of the STOH–1 108 

film were collected and a representative series of images from the interface region between the 109 

STO and LSAT are presented in Figure 2 (STEM images of the STO as–deposited are shown in 110 

SI–Figure 5). Figure 2A shows the STO film with a uniform thickness of ~80 nm, with a sharp 111 

interface to the LSAT substrate. The STO shows epitaxial growth, and no defects or stacking 112 

faults were found in the LSAT or the substrate. Higher magnification imaging shown in  113 

Figure 2B reveals an atomically sharp LSAT/STO interface, in good agreement with XRD 114 

results that the STO films are strained by the LSAT substrate, as illustrated in Figure 2G. In the 115 

STO, Sr is heavier than Ti, and the Sr columns thus appear brighter than Ti columns in STEM 116 

mode. Energy dispersive X–ray spectroscopy (EDS) was used to screen the element distribution 117 

along the interface, and atomic resolution mappings of selected elements are displayed in  118 

Figure 2D. The Sr map shows that the Sr–containing columns are aligned across the interface. 119 

The intensity from Sr is slightly lower in the LSAT, whereas these positions are also occupied 120 

with La atoms, as seen in the La map. Additionally, Al and Ta maps show that these elements 121 
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occur only on the substrate side, and are aligned with the Ti columns in STO. The ideal structure 122 

across the interface is illustrated in Figure 2F and the EDS results show that the mapped 123 

elements are located at their intended positions. This, along with the STEM images, shows that 124 

the STO film is of high quality without observing any grain boundaries. Furthermore, the 125 

interface between STO and LAO displayed in Figure 2C shows that the LAO film is amorphous 126 

as–grown on the STO film. EDS maps across the LAO film are shown in Figure 2E. Here the La 127 

signal mapped within the STO reflects overlap of La and Ti X–ray peaks. 128 

  129 
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Figure 2. A) STEM HAADF image of thin film STOH–1. B) STEM image of the interface 130 

between LSAT substrate and STO, and D) its corresponding EDS mapping images. C) STEM 131 

image of the interface between LSAT and LAO, and E) its corresponding EDS images. F) 132 

Illustration of interface between LSAT and STO. G) Scheme of STO oriented growth on LSAT. 133 

SIMS depth profiles reveal that H, O, Ti and Sr are uniformly distributed through the thin film 134 

except for the surface region (cf. SI–Figure 7A.). Based on TEM investigations, the outer LAO 135 

layer is around 4 nm in thickness and corresponds to the surface region with high concentration 136 

of hydrogen and low concentration of Sr and Ti. The high concentration of H in the LAO 137 

indicates that hydride species are directly taken up by the LAO amorphous film and diffuse 138 

through the film to reduce the STO by forming SrTiO3–xHx oxyhydrides during the CaH2 139 

treatment. Formation of the oxyhydride is evident by the uniform hydrogen SIMS signal, which 140 

has been rationalized by the substitutional hydride ions in the previous study on ATiO3–xHx (A = 141 

Ba, Sr and Ca) oxyhydride thin films, 
9, 11

 and by that the H concentration is far higher than what 142 

expected from H-sources present during PLD film growth. The fact that the hydrogen signal 143 

diminishes close to the substrate layer indicates that LSAT is stable during the CaH2 treatment. 144 

For oxide ion conductors one may utilize isotope annealing followed by SIMS to determine 145 

oxygen tracer diffusion properties for the materials. As previously mentioned, a similar approach 146 

could in principle be used to determine diffusion data for the hydride ions in oxyhydrides. One 147 

major prerequisite during such tracer experiments is that there are no changes in the chemical 148 

potential between the two annealing conditions (solely an isotope gradient and no chemical 149 

gradient). In the case of oxyhydrides this is challenging to fulfill experimentally, since it requires 150 

control of both the hydrogen and oxygen chemical potential under rather unconventional 151 

conditions. It is feasible to control the hydrogen activity, but far more difficult with oxygen, 152 

since it depends on the impurity level of water vapor in the gas atmospheres and even leakages in 153 

the experimental set-up. Moreover, oxyhydrides are vulnerable towards decomposition in humid 154 

atmospheres which further complicates the situation (as described in SI-1.1). To illustrate these 155 

challenges, we annealed a STOH film in a mixture of ~800 mbar of D2 gas and 0.1 mbar of 
18

O2. 156 

The resulting SIMS profile (cf. SI-Figure 8) shows a clear hydrogen loss and 
18

O gradient at the 157 

surface region, reflecting that even such trace amounts of O2 gas can oxidize the oxyhydride thin 158 

film.  159 
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After isotopic exchange under a D2 activity similar to the H2 activity (approx. 800 mbar) during 160 

CaH2 annealing, the hydrogen signal (H+D) is essentially constant and identical to the specimen 161 

before isotopic exchange (cf. SI-Figure 7B). In addition, the identical oxygen signal after 162 

isotopic exchange indicates the no re-oxidation occurs, reflecting the oxygen sublattice is in 163 

pseudoequilibrium. This observation is consistent with previous studies, showing that almost 164 

complete H/D exchange can be achieved in both ATiO3–xHx (A= Ba and Sr) bulk and thin film 165 

samples without changing the composition of oxyhydrides.
10-11

 We therefore believe that 166 

performing the D2 exchange in this way is as close as we can get to pure tracer exchange with 167 

essentially no chemical potential driving force affecting the exchange, at least on the time scale 168 

of the experiment. The extracted diffusion coefficients as such represent that of tracer diffusion.  169 

Figure 3 displays two deuterium (D) diffusion profiles determined by SIMS depth profiling of 170 

STOH–5 specimens annealed in D2 gas at 450 °C for 11.5 and 21.3 min. Such profiles form the 171 

basis for quantifying the hydride ion tracer diffusion coefficients, 𝐷HO

∗ , by solving Fick’s second 172 

law diffusion equation in semi–infinite medium 
22

 (details in SI–section 1.3). The penetration 173 

depth is clearly larger with increasing reaction time together with the diffusion–type SIMS 174 

profiles. The tracer diffusion coefficients extracted from fitting the SIMS profiles in Figure 3 are 175 

1.62 ± 0.10 ×10
–16

 and 1.01 ± 0.03 ×10
–16

 cm
2
s

–1
 for the longer and shorter diffusion times, 176 

respectively. The similar values suggest that the diffusion coefficient is close to independent of 177 

the annealing time.  178 

 179 
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Figure 3. Normalized deuterium fraction, 𝑐D
∗  in STOH–5 thin film sample. Sample annealed at 180 

450 °C in 𝑝D2 = 800 mbar for 11.5 and 21.3 min, respectively. The best fits of SI–Eqn. 4 are 181 

included as solid lines. 182 

The hydride ion tracer diffusion coefficients extracted are summarized in Figure 4. (All diffusion 183 

profiles are summarized in SI–Figure 9 and SI–Table 2.) The specimens with higher hydride 184 

concentration, STOH–5 or STOH–3, exhibit similar diffusion coefficients and temperature 185 

dependencies. For STOH–1, however, the diffusion coefficients are lower and show almost no 186 

temperature dependency. The apparent activation energies of 𝐷HO

∗  for STOH–3 and STOH–5 by 187 

assuming an Arrhenius–type behavior come out as 0.45 ± 0.04 and 0.47 ± 0.03 eV, respectively.  188 

 189 

Figure 4. Temperature and composition dependency of the tracer diffusion coefficients 𝐷HO

∗ . 190 

Hydride ions have been suggested to diffuse via a vacancy–mediated mechanism in several 191 

oxyhydrides such as ATiO3–xHx (A = Sr and Ba)
11, 14, 23

, LaSrCoO3H0.7
13

 and  192 

LaSrLiH2O2 
6-7, 12, 24

. Unlike the anisotropic hydride ion conduction through the metal hydride 193 

layer of the latter two oxyhydrides, isotropic transport of both hydride ions and oxide ions occurs 194 

in ATiO3–xHx (A= Sr and Ba). It is then expected that oxide ions and hydride ions will jump with 195 
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different activation energies and effective rates into a vacant site, and as such may be assigned 196 

individual self–diffusion coefficients and partial ionic conductivities. On the other hand, it is 197 

clear that the presumably faster hydride ions for long–range traceable transport, such as in 198 

isotope exchange tracer diffusion (giving rise to a tracer diffusion coefficient), will be slowed 199 

down by the necessity for random diffusion of vacancies. One may state this in terms of a 200 

correlation factor: The hydride ion will jump back to the now empty site that it came from until 201 

the vacancy in the meantime has diffused on. If the concentration of hydride ions is small, this 202 

has to take place entirely by diffusion of oxide ions – a presumably slower process than for 203 

hydride ions. At low hydride ion concentrations this will give rise to a large correlation effect, 204 

i.e., a small numerical value for the correlation factor between the tracer and self–diffusion 205 

coefficients of hydride ions. 206 

To further study the correlation factor and derive kinetic properties, we have adopted the 207 

diffusion model of homogeneous binary alloys given by Manning.
25

  In our case, the alloying 208 

elements are oxide and hydride ions in an otherwise ternary oxide, but the vacancy mechanism of 209 

diffusion on the alloyed sublattice remains the same. Note that we have excluded the possibility 210 

for hydride ion migration through interstitial-type mechanisms in the following discussion (see 211 

SI–1.5 for a detailed discussion on such mechanisms). The hydride ion tracer diffusion and self–212 

diffusion coefficients can be related through 
26

: 213 

𝐷HO

∗ = 𝑓HO
𝐷HO

= 𝑓HO

1

6
𝑎2𝑁𝑥𝑣𝜔HO

                 (1) 214 

where a cubic model was adopted by considering that strain of STO in this study is around 1%, 215 

which has negligible influence on the oxide ion isotropic transport. 
27

 𝑎 is the jumping distance 216 

(
𝑐

√2
, c ≈ 3.92 Å ) and N is the number of nearest neighbor sites which here equals 8. 𝑥𝑣 is the site 217 

fraction of oxygen vacancies and 𝜔HO
 represents the jump rate of the hydride ion to its adjacent 218 

vacant oxygen site. 𝑓HO
 is the correlation factor for the tracer hydride ion diffusion, and 219 

essentially holds information about how hydride ion transport is slowed down by the necessity of 220 

oxide ion transport in order to move oxygen vacancies. 𝑓HO
 can be calculated from the ratio of 221 

sufficiently energetic vibrational jump attempts of hydride ions and oxide ions, 
𝜔HO

ωO
 , through the 222 

equations; 
26

 223 
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𝑓HO
=

2
1 − 𝑓

(
𝜔HO

ωO
𝑥HO

𝑓HO
+ 𝑥O𝑓𝑂)

2
𝜔HO

ωO
+

2
1 − 𝑓

(
𝜔HO

ωO
𝑥HO

𝑓HO
+ 𝑥O𝑓𝑂)

 (2) 

𝑓O =

2
1 − 𝑓

(
𝜔HO

ωO
𝑥HO

𝑓HO
+ 𝑥O𝑓𝑂)

2 +
2

1 − 𝑓
(
𝜔HO

ωO
𝑥HO

𝑓HO
+ 𝑥O𝑓𝑂)

 (3) 

where 𝑥𝑖 represents the site fraction of diffusion component i (oxide or hydride ions). 𝑓 is the 224 

correlation factor for the vacancy–mediated diffusion in the pure crystal (f = 0.78 for a cubic 225 

lattice with 8 nearest neighbors).  226 

Alternatively, 𝑓HO
 can be obtained by 

𝐷HO
∗

𝐷O
∗  through the equations in the SI–section 1.4. However, 227 

experimental determination of 𝐷O
∗  is not straightforward since SrTiO3–xHx would be oxidized in 228 

the presence of O2 or other oxygen–containing atmospheres, leaving out e.g. 
18

O/
16

O isotope 229 

exchange. Consequently, we have employed DFT to estimate the jump rate (𝜔HO
 and ωO) of 230 

both hydride ion and oxide ion migration through an oxygen vacant site in SrTiO3, shown in  231 

Figure 5. 232 

 233 

Figure 5. A) Hydride ion and B) oxide ion migration to adjacent vacant oxygen sites, with their 234 

associated energy profiles.  235 
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We have calculated the energy profile of hydride ion migration to an adjacent vacant site in an 236 

oxide ion sublattice, revealing a corresponding migration enthalpy of 0.17 eV, which is slightly 237 

lower than that obtained in the QENS study on LaSrCoO3H0.7 (0.23 eV) 
13

 and our previous 238 

computational contribution on BaTiO3–xHx (0.28 eV) 
23

. The difference encountered for the 239 

alkaline earth titanates may stem from the smaller unit cell of SrTiO3 (3.968 Å) compared to that 240 

of BaTiO3 (4.059 Å). This has also been reflected in experimental results of oxygen diffusion 241 

where the migration enthalpy of oxygen ions in SrTiO3 and BaTiO3 single crystal is determined 242 

to be 0.6 
28-29

 and 0.7 eV 
30

, respectively. Notably, our computational results show a migration 243 

enthalpy for oxide ion migration in SrTiO3 of 0.50 eV, slightly lower than the experimental value 244 

(0.6 eV) 
28-29

. The higher activation energy of oxide ion migration compared to that of hydride 245 

ion can be rationalized by the charge–state difference.  246 

According to the Eyring reaction rate theory 
31

, the jump rate can be calculated from the 247 

migration enthalpy ΔHm and an effective frequency v
*
: 248 

𝜔𝑖 = 𝑣∗exp(
−𝛥𝐻m,𝑖

𝑘B𝑇
)                         (4) 249 

where the effective frequency v
*
 can be calculated based on transition state theory

32
: 250 

𝑣∗ =
∏ 𝑣𝑘
3𝑇−3
𝑘

∏ 𝑣𝑗
′3𝑇−4

𝑗=1

                                  (5) 251 

Here, 𝑣𝑘 and 𝑣𝑗
′ are the normal vibrational frequencies at the equilibrium and transition states, 252 

respectively, for a system with a number of T atoms and one vacant site. The resulting 𝜔HO
 and 253 

ωO are summarized in SI–Table 2. 
𝜔HO

ωO
 is calculated to be 2786, 1764 and 1190 at 350, 400 and 254 

450 °C, respectively, which shows that the jump rate of hydride ions is considerably higher than 255 

that of oxide ions, due to the smaller charge and mass and lower migration enthalpy of hydride 256 

ions. The correlation factors of hydride ions (𝑓HO
) for different compositions and temperatures 257 

are shown in Figure 6A. 258 
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 259 

Figure 6. Temperature dependencies of (A) the calculated correlation factors 𝑓HO
 and (B) self–260 

diffusion coefficients 𝐷HO
. 261 

The correlation factor 𝑓HO
 is orders of magnitude lower than those of, for instance, oxygen tracer 262 

diffusion in oxides (f equals 0.78 for face centered cubic structured oxides). This stems from the 263 

high jump rate ratio 
𝜔HO

ωO
 and low site fraction ratio 

𝑥HO

𝑥O
 in SrTiO3–xHx: after a jump of the hydride 264 

ion, it is highly probable that it is followed by a second jump in the reverse direction. The 265 

correlation factor 𝑓HO
 shows a strong temperature dependency (as shown in Figure 6A) 266 

stemming from the temperature dependency of 
𝜔HO

ωO
 which, in turn, reflects the higher activation 267 

energy of oxide ions than for hydride ions. Moreover, 𝑓HO
shows a compositional dependency. 268 

The increasing hydride ion content in the oxyhydride lattice increases the value of 𝑓HO
, because 269 

the hydride ions have a relatively lower probability to be followed by a reverse jump when 270 

another hydride ion can cause the vacancy to diffuse away. 271 

By combining the calculated correlation factors 𝑓HO
 with the experimental tracer–diffusion 272 

coefficients from this study by using Eqn (1), the self–diffusion coefficients (𝐷HO
) are obtained 273 

and plotted in Figure 6B. The results of 𝐷HO
 for STOH–3 and STOH–5 yield activation energies 274 

of 0.28 ± 0.05 and 0.30 ± 0.04 eV, respectively, which is similar to the activation energy of 275 

hydride ion hopping (0.23 ± 0.045) from the QENS study of LaSrCoO3H0.7. Based on the 276 

estimated 𝜔HO
 and 𝑓HO

 from DFT, the site fraction of oxygen vacancies (xv) can again be 277 
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estimated through Eqn. (1) (summarized in SI–Table 2), yielding fractions many orders of 278 

magnitude lower than that of hydride ions. The low fraction of vacant anion sites is also reflected 279 

by the neutron and synchrotron diffraction study on SrTiO3–xHx powders. 
14, 16

 The low 280 

concentration of vacant anion sites may reflect that oxyhydride formation proceeds through pure 281 

O
2–

/H
–
 ion exchange;  282 

CaH2(s) + OO
× + TiTi

× ⇌ HO
• + TiTi

/
+

1

2
H2(g) + CaO(s)  (6) 283 

As such, the actual vO
•• to HO

•  ratio in the reduced oxide can be expected to depend on the applied 284 

synthesis and post–annealing conditions, and we do not disregard that materials with 285 

significantly higher vacancy concentrations – and consequently – more favorable hydride ion 286 

transport properties may be achieved. 287 

Conclusions  288 

Thin films of SrTiO3–xHx oxyhydrides with various hydride ion contents were produced by 289 

treating PLD grown thin SrTiO3 films in CaH2 for different durations. The hydride ion tracer 290 

diffusion coefficients were determined by H/D isotope exchange followed by isotope depth 291 

profiling by SIMS. The apparent activation energy of the tracer diffusion coefficients, 𝐷HO

∗ , for 292 

STOH–3 and STOH–5 are determined to be 0.45 ± 0.04 and 0.47 ± 0.03 eV, respectively. The 293 

correlation factors from first principle calculation shows that long-range H
–
 transport of is 294 

impeded by the availability of oxygen vacancies due to slow reorganization of the oxygen 295 

sublattice. From these correlation factors and the measured tracer diffusion coefficients, the 296 

hydride ion self–diffusion coefficients are obtained, with average activation energies of 0.29 eV. 297 

Hence, realization of novel ionic conductors with high hydride ion diffusivity necessitates fast 298 

oxygen dynamics, or systems in which the hydride ions migrate by uncorrelated mechanisms. 299 

This study as such provides an explicit description of hydride ion transport in oxyhydrides and 300 

the methodology can be extended to study anion diffusion in other mixed anion systems. 301 
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