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"Hydrogen: the simplest element,but still so versatile." Joahim Shoenes, 2003(Physik am Samstagmorgen) Introdution
The physis of hydrogen in metals is exiting due to the manifold appliations in tehnol-ogy and for basi researh. Many metals absorb hydrogen when brought into a hydrogengas atmosphere and desorb it when pumping away the hydrogen gas. The safe and om-pat storage of hydrogen in metals is a hallenge beause of the high volumetri densitywhih an be obtained, even higher than in liquid hydrogen. The fuel ells use hydrogenas an energy arrier and produe eletriity and heat whenever it is needed (Fig. 1). Themetal hydrides found appliations in rehargeable batteries. In these devies, hydrogenis introdued into the metal eletrohemially during reharging and an eletrial ur-rent �ows during disharging. The rehargeable batteries are urrently used in mobileappliations, i. e. telephones, omputers.Hydrogen hanges drastially the mehanial, eletrial, magneti and optial propertiesof the host metal. For example, Pd beomes superonduting and La looses its super-onduting properties when loaded with hydrogen [1℄. Eu and Nd hange their magnetiproperties from anti-ferromagneti metals [2℄ to ferromagneti semiondutors [3℄. One ofthe most impressive transitions disovered in 1996 by Huiberts et al. [4℄ is the dramatihange in the optial properties of yttrium and lanthanum thin �lms near their metal-insulator transition: the dihydrides are metals while the trihydrides are insulators andtransparent in the visible part of the optial spetrum. The transition from a metalli toa transparent state is reversible and ours at room temperature simply by hanging thesurrounding hydrogen gas pressure or in an eletrolyti ell. Soon it was shown that notonly YHx and LaHx, but all the trivalent rare-earth hydrides and some of their alloys ex-hibit swithable optial properties. So far three generations of hydrogen based swithablemirrors have been disovered: (1) the rare-earth swithable mirrors, (2) the olor neutralmagnesium-rare-earth alloys, and (3) the magnesium-transition-metal swithable mirrors.Appliations inlude energy-e�ient windows, smart oatings in eletrohromi devies,hydrogen indiators for atalyti and di�usion investigations, hydrogen sensors. A newand exiting appliation �eld is to use the swithable mirrors as hydrogen absorptiondetetors in a ombinatorial searh for new lightweight hydrogen storage materials [5℄.By making thin �lms with ontrolled gradients in the loal hemial omposition of threeor more onstituents, it is possible to monitor optially the hydrogenation of typially104 samples simultaneously. The goal is to �nd a hydrogen storage material with largehydrogen-mass and volume density and suitable absorption/desorption kinetis.The disovery of the hydrogen based swithable mirrors hallenged theoretial as well asexperimental physiists to understand how the presene of hydrogen a�ets the eletronistruture of the host metal and to investigate the origin of the metal-insulator transition inthese materials. From the theoretial point of view, the problem of the phase transition is7
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Home CarFigure 1: Fuel ells give us a very e�ient way to produe eletri power and heat. Inthe whole irle of renewable energies they are the �nal element. The sunprovides energy, solar ells or wind power ath it, hydrogen is the storageand the medium to transport the energy and the fuel ells generate the energywhenever and wherever it is needed.leared in two kinds of models: broken symmetry strutures and strong orrelations. Thelatest models suppose a negatively harged hydrogen with strong orrelations between thetwo eletrons.For the understanding of the phase transition it is important to study the struturalhanges and lattie distortions indued by the hydrogen in the host metal. Moreover,the only samples whih retain their strutural integrity during the hydrogenation are thethin �lms. Unfortunately, hydrogen is not aessible for x-ray di�ration experiments.On the other hand, neutron di�ration was suessfully applied only for powder samples,providing information about the phonon density of states.This thesis presents the results of a Raman spetrosopy study on the struture and thelattie distortions of metal-hydride samples. Not only the �rst generation swithable mir-rors, i. e. rare-earth hydrides, are aessible with this method. We also present the Ramanmeasurements on samples of the seond generation swithable mirror MgzY1−z, whih wereeived from a ollaboration with the group of Amsterdam. A omplete analysis of thevibration modes and the onlusions about the strutural distortions in these materials isgiven in Chapter 4.



Introdution 9Chapter 5 presents Raman measurements on single rystalline CuTe2O5 samples. Due tothe low symmetry of the monolini struture, the alulations predit a large number ofRaman modes with interesting polarization and angular intensity patterns. The numberof phonons and their symmetry is alulated for the �rst time and ompared to theRaman spetra. The observed Raman modes are identi�ed and ompared to the relatedompounds CuO and TeO2. Substitutions of Zn and Ni on the Cu site preserve the rystalstruture and indue hanges in the magneti properties. Moreover, a foreign phase wasobserved in the Raman mapping images of the sample substituted with Ni and it wasidenti�ed to be TeO2.
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"We have to love nature and appreiate her wonder-ful gifts, her marvelous ingenuity, her resoureful-ness, her in�nite variety. It is the same thing thathas inspired me all my life."C. V. Raman, November 18, 1950
1The Raman e�et

When eletromagneti radiation of energy hν irradiates a moleule, the energy may betransmitted, absorbed, or sattered. Optial spetrosopy provides numerous experi-mental tools to investigate optial, eletroni and vibrational properties of solids. Theindividual tehniques an be grouped into absorption, emission and sattering spetro-sopies. In the Tyndall e�et the radiation is sattered by partiles (smoke or fog forexample). In Rayleigh sattering the moleules satter the light. Lord Rayleigh showedthat the blue sky results beause air moleules satter sunlight. No hange in wavelengthof individual photons ours in either Tyndall or Rayleigh sattering, i. e. they are alledelasti sattering.The e�et of inelasti light sattering was disovered by Sir Chandrasekhara VenkataRaman in 1928 [6℄. He was awarded the Nobel Prize in Physis 1930 "for his work on thesattering of light and for the disovery of the e�et named after him". Independently,also Landsberg and Mandelstam [7℄ observed this e�et. In the years before Raman madehis disovery, inelasti sattering of light was proposed by several researhers, among themBrillouin [8℄, Smekal [9℄, and Mandelstam [10℄.1.1 Inelasti light satteringThe interation of light with a solid follows the standard laws of geometri optis andwave optis. Most experiments utilize a laser beam, whih an be approximated byan eletromagneti plane wave. The proesses that our are depited shematiallyin Fig. 1.1. Part of the intensity is re�eted (R), whereas the remaining light entersthe medium, being refrated. Inside the medium, the light is transmitted (T) and/orabsorbed (A). These proesses are ruled by the optial onstants of the material suhas the re�etivity, the refrative index or the absorption oe�ient, all of whih derivefrom the omplex dieletri funtion. Part of the light propagating through the rystal11



12 1.1. Inelasti light sattering
R
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IFigure 1.1: Interations of light with a rystal. The arrows that are labelled I, R, A andT display shematially the inident light, the re�etion, absorption andtransmission of light intensity.is sattered elastially (Rayleigh sattering). Only a tiny portion of the light intensity issattered inelastially (Raman/Brillouin sattering).Fig. 1.2 presents shematially the inelasti and elasti light sattering proesses. Whilere�etion and refration are due to geometrial hanges in the refrative index, satteringoriginates from inhomogeneities of the medium suh as quasi-partiles or defets. Theseinhomogeneities an be lassi�ed as being either time-dependent or time-independent,i. e. , either dynami or stati.For purely geometrial or loal inhomogeneities with no time dependene the satteringis elasti whih means without a hange of the light energy. The sattered intensity inthe elasti proesses is usually about 3 orders of magnitude smaller than the inidentintensity.Quasi-partiles of the rystal an be viewed as dynami satterers whih satter light in-elastially, aompanied by an energy transfer between light and the rystalline medium.
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Figure 1.2: Elasti and inelasti light sattering on solids.


