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ABSTRACT 

The reversible switching between the metallic reflecting dihydride state and the 

insulating, transparent in visible range, nearly trihydride state by controlling hydrogen 

concentration is called `Switchable Mirror' effect. Palladium capped yttrium and 

lanthanum thin films, in which this effect was first reported by Fluiberts et al and other 

trivalent rare earth thin films, which have subsequently been shown to exhibit similar 

behavior are called first generation switchable mirrors. Reversible electrical and optical 

switching has, since then, also been observed in Gd-Mg and Mg-Ni alloys upon 

hydrogenation and these have been considered second and third generation switchable 

mirrors. 
Survey of literature reveals that one of the rare - earths, which has received 

minimum attention, is samarium. Samarium has a unique rhombohedral structure (space 

group R3m) and belongs to the light rare earth group. The reaction of samarium with 

hydrogen proceeds as follows: 

	

Sm 4--
3 11, 	Sm11 2  -I-  LI c---> Sml 1, 

	

2 - 	2 

The second step is a reversible transition, which can easily be induced by changing the 

112 gas pressure, whereas the first step is essentially unidirectional. We have, therefore, 

chosen samarium as the rare earth metal for the present study. Thin films of samarium 

deposited by vacuum evaporation and capped with various thicknesses of Pd layers have 

been exposed in-situ at room temperature to hydrogen gas and ex-situ to 1 M KOH 

electrolytic solution in an electrolytic cell. The unloading of hydrogen from hydrogen-

saturated films has been done by creating pressure difference using rotary pump in gas 

phase and by changing polarity or in open circuit condition in electrochemical method. 

The structural characterization of the films performed using glancing angle x — 

ray diffraction (GAXRD) revealed that room temperature deposited samarium films were 

polycrystalline. The crystal structure was determined to be rhombohedral, Upon 

hydrogenation, these films convert to fee structure near their dihydride state. On further 

hydrogen loading (observed through monitoring of electrical resistance), the structure 
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transforms to hexagonal near the trihydride state. Pd cap layer had fcc structure. It 

remains fcc on hydrogenation but there is a small change of 0.5 % in the lattice constant. 

Atomic force microscopy was used to study the surface morphology of samarium 

film capped with different thickness of palladium overlayer. Effect of hydrogenation on 

topography was studied. It was found that the surface morphology and grain size of Pd 

decreases on hydrogenation. 

Since palladium cap layer plays a crucial role in controlling the switching time 

and stability in all the thin film metal hydride devices, therefore, the thickness effect of 

Pd overlayer on switching behavior of SmH,, thin films has been studied in both the 

procedures-gas phase and electrochemical method. Switching time was found to 

decrease with an increase in the Pd cap layer thickness. We have been able to achieve a 

switching time of 2 seconds and a recovery time of 50 seconds during in-situ loading and 

unloading of 55 nm Sm films covered with 12 nm Pd overlayer. 

In order to ascertain the potential usefulness of Pd capped samarium films as 

hydrogen sensors, we subjected them in air to various concentrations of hydrogen. The 

switching time varied from 30 seconds for 194ppm of hydrogen to 6 seconds for 

10,000ppm of hydrogen. Cross sensitivity to contaminant gases was checked with 

10,000pprn of potential contaminants, like hydrogen sulfide, carbon dioxide, mixture of 

argon and methane, argon and ethyl alcohol. No cross contamination was observed, 

making it a potential base material for hydrogen sensing applications. The Hall 

coefficient measured as a function of hydrogen concentration, changes from a metal-like 

RH value —14.9 x 104°  m3/C to —1081.8 X 10-10  m3/C for SmH3_8 films. On unloading 

hydrogen, the R11 value changes to —3.85 X 10-1° m3/C at the dihydride composition. Hall 
effect measurements confirmed that SmH,, films were n-type. 

The role of Pd overlayer for associative desorption of hydrogen has also been 

studied. It has been established that desorption of hydrogen can be minimized and slowed 

down by using very low thickness (2.5 nm) of Pd overlayer. Using reflectance and 

transmittance data, the band gap of hydrogen-saturated films was calculated to be around 

3 eV. A red shift in the transmittance edge was observed upon unloading of hydrogen 

from hydrogen saturated Pd capped Sm films. The magnitude of shift was found to 

increase with an increase in the cap layer thickness. The direct band gap of these films, 
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calculated from the measurements of reflectance and transmittance, was found to 

decrease with an increase in the thickness of Pd overlayer. Removal of hydrogen from 

SmH.{  films leads to formation of localized states, whose signature was clearly observed 

in (ahv)2  vs by plots. The energy corresponding to the transition involving these states 

and conduction band was found to decrease with an increase in Pd overlayer thickness. 

On loading and unloading of hydrogen between dihydride and trihydride states, a 

hysteresis was observed in optical properties and pressure-composition-isotherms which 

is an indication of stresses induced inside the films during loading of hydrogen. 

Phases present during hydrogen loading were identified based on in-situ measured 

electrode potential (F) between working electrode and reference electrode, transmittance 

(T) of the WE and surface or "chi" potential difference (Ay) across the WE as a function 

of hydrogen concentration getting incorporated in the WE on applying a constant current 

density i = 0.2 mA/cm2. 

Galvanostatic intermittent titration technique (Grm was used to study the 

thermodynamic and physical properties of electrochemically loaded switchable samarium 

hydride thin films under equilibrium conditions. Heat of formation was calculated to be -- 

44.4 	mol of 1.1 at x = 2.65 from the plateau of pressure-composition-isotherm. 
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