OF GENEVE

Article scientifique 2002 Published version

This is the published version of the publication, made available in accordance with the publisher’s policy.

Gomes, Sandrine; Hagemann, Hans-Rudolf; Yvon, Klaus

How to cite

GOMES, Sandrine, HAGEMANN, Hans-Rudolf, YVON, Klaus. Lithium boro-hydride LiBH4 1. Raman
spectroscopy. In: Journal of alloys and compounds, 2002, vol. 346, n° 23, p. 206—210. doi:

10.1016/S0925-8388(02)00668-0

This publication URL:  https://archive-ouverte.unige.ch/unige:3229
Publication DOI: 10.1016/S0925-8388(02)00668-0

© This document is protected by copyright. Please refer to copyright holder(s) for terms of use.



https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:3229
https://doi.org/10.1016/S0925-8388(02)00668-0

Journal of

ALLOYS
AND COMPOUNDS

o

ESEIER Journal of Alloys and Compounds 346 (2002) 206-210

www.elsevier.com/locate/jallcom

Lithium boro-hydride LiBH,
Il. Raman spectroscopy

S. Gomed , H. Hagemafin , K. Yvdh

®Laboratoire de Cristallographie, Universite de Genéve, 24, quai E. Ansermet, CH-1211 Geneva 4, Switzerland
"Département de Chimie Physique, Université de Genéve, 30, quai E. Ansermet, CH-1211 Geneva 4, Switzerland

Received 25 March 2002; accepted 16 April 2002

Abstract

Polycrystalline LiBH, has been studied by Raman spectroscopy in the temperature interval 295-412 K and the frequency range
2700-130 cm* . The Raman active modes are consistent with the presence of a (BH ) ion having a distorted tetrahedral configuration.
As the temperature is increased the sudden disappearance of mode splitting points to the onset of a structural phase transition that leads
a higher local symmetry of the (BH ) tetrahedron. The transition occur884 K, is of first-order and has a hysteresis of about 8 K. A
strong and discontinuous broadening of bands remaining after the transition suggests the onset of large vibrational amplitudes of the
(BH,) tetrahedra about their trigonal axis.

0 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction high-temperature modification only partial IR data (around
2300 cm ') are available [3] which, however, have not
In the first part of this work [1] the crystal structure of been interpreted.

LiBH , has been investigated by diffraction methods both
at room temperature and at 408 K. While the structure at
room temperature has orthorhombic symmetry and con-2. Experimental
tains an ordered array of tetrahedral (BH ) anions (point

symmetry m-G ) that point along two orthogonal direc- Polycrystalline LjBH (Alfa Aesar, purity 95%) was
tions, the structure at 408 K has hexagonal symmetry and ground to a fine powder of white colour and filled into a
contains a partially disordered array of more symmetric Lindeman glass tube (inner diameter 1 mm) that was
(BH,) anions (point symmetry 3 m-{; ) that point along sealed with silicon grease. In view of the strong sensitivity
one direction €). Interestingly, one of the two hydrogen of the powder to air and moisture these operations were
sites in the high-temperature modification shows large performed in an argon-filled glove box. The capillary was
displacement amplitudes that suggest a dynamical disorder placed in a brass container that was adapted to a commel
of the (BH,) tetrahedra about their trigonal axis. In this cial UV-visible sample holder the temperature of which
work the (BH,) tetrahedra and their rearrangement was controlled by a circulating oil bath with a precision of
during the phase transition will be studied in more detalil abaudt K. The Raman spectra were collected on a
by Raman spectroscopy. For the orthorhombic room-tem- Kaiser Holospec f/1.8 spectrograph withna $id-
perature modification a Raman and infrared (IR) spec- ~3—@4 cm * resolution) that was equipped with a liquid
troscopy study has been reported before [2] and a full nitrogen cooled CDD camera. The argon laser excitation
assignment of the observed modes has been given. For the source was powered at approximately 15 mW. Higher lase
intensities caused excessive sample heating. The wave-
*Corresponding author. length of the incident radiation was 488 nm. The instru-
E-mail address: klaus.yvon@cryst.unige.cfK. Yvon). ment was calibrated with argon plasma lines as well as
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with liquid CD,Cl, Raman bands. The resulting uncertain- temperature phase (spectrum recorded at 412 K) are the
ty in the measured frequency shifts was smaller theh first ones reported. A previous IR study [3] at 393—-398 K
cm . Data acquisitions were made in the frequency range showed only a very broad band at 2300 cm that was
2700-130 cm® by accumulating ten spectra-gf0 s neither assigned nor discussed in terms of possible
each. The Raman spectra were further analysed by using symmetries of LiBH at this temperature.

line fitting procedures and Lorentzian line shapes with the
help of thespecTtrawprogram [4]. The second derivatives
of the spectra confirmed the number of components used in
the fitting procedures.

3.2.1. Room-temperature phase

At room temperature, the point group symmetry of the
BH, ion is C,. Seven internal Bii vibrations { v/, v,
vy, Vs, v, andvy) out of the nine Raman active normal
vibrations are observed (Table 1). The two Raman active
vibrations v, and v, occur at 1090 and 1099 cm |,
respectively, and the two overtones,2and 2/, at 2157
and 2177 cm' |, respectively. The assignment is not in

accordance with thé®, assignment given by [2] for the

Raman spectra were first collected at increasing tem'infrared spectrum by considering th¥ B— B natural
perature (295-412 K) and then at decreasing temperature b y 9

(412-359 K). Fig. 1 shows that the spectra clearly indicate isotope shift. Indeed, the curve fitting analysis 'T‘d'ca“?s
" - that both bands have approximately the same intensity,

the occurrence of a structural phase transition. The transi- . " . .
which is contrary to the expected intensity ratio corre-

tion occurs at 3841 K on heating and 3761 K on sponding to the natural abundance of the two isotopes, as
cooling (data not shown). The hysteresis3 (K) suggests seen for instance, for BH diluted in alkali halides [8].

the traq5|t|on to be of first order, in agreement with the Concerning the external lattice vibrations, three Raman
conclusions Qrawn from the §tructure work [1]. The sample bands are observed out of the twelve symmetry allowed
showed no sign qf. degradation during the heatlng—'coollng Raman active translations and the six Raman active
cycle..The transition temper'atures and hysteresis agreeIibratory oscillations. Finally, the last vibration at 1235
well with those rgported for L'BL—J from DTA. qlata (381~ cm ' corresponds to the band assigned by [2] to the
385 K [5]) and with heat F:apamty data (transition tempera- second overtone1d of a librational mode found in the
ture 386.4-1 K, hysteresis 6 K [6]). As can be.:'seen' fro'm spectra of alkali borohydrides. Inelastic neutron scattering
the temperature dependence of the peak positions in Fig. Zexperiments on LiBH at 77 K showed [9] the occurrence
three modes appear in the room-temperature modificationmc two peaks in the4energy loss spectrum at 412 and 204
(split stretching modes, andv), and second overtone of

-1 . .
librational mode 38, in the 1340—1240 cm'  range), while cm that We[el a5.3|gn'ed 1o unresoJ\lled (full width qt half
; . . height~64 cm ) librational (412 cm™ ) and translational
only one mode 1f,) subsists in the high-temperature 21 a 1.
e . - (204 cm ) modes. The value ofX3412=1236 cm "~ is
modification. The relatively sharp transition between these

71 . - .y .
modes is further evidence for the first-order nature of the close to 1.235 cm” and thus confirms the initial assign-
ment of this band.

3. Results and discussion

3.1. Sructural phase transition

transition.
3.2. Assignments of the Raman scattering of the room- 3.2.2. High-temperature phase
and high-temperature phase Above the transition temperature the point group sym-
metry of the BH, ion is increased to,C . Only five

The Raman assignments of the room- and high-tempera- Ramanbangs2v,, v, andv ;are observed which are
ture phases are consistent with the point group symmetries assigned to 1096, 1302, 2167, 2299 and 2355 cm
C, (space groupPnma) and C;, (space grouf6,mc), respectively. The very broad, mode appears only by
respectively, as found by the crystallographic study [1]. curve fitting of the region between 2100 and 2500 cm . It
Those for the room-temperature phase agree with the is not seen in the second derivative of the spectrum
previously reported data at 80 K [2]. The latter as well as because its half-width at half maximum (HAGOM
the vibrational spectra of NaBH and KBH [7] indicate Ch ) is very large. The published IR data for,LiBH in
that the spectra of the BH units can be discussed in the high-temperature phase (see Fig. 3 in [3]) show a very
relation to their site symmetries. Factor group splittings broad band (HWHB0D cm ') centered at 2300 crh
have not been observed so far, partly because no single As the IR spectrum presents stronger intensitieg for the
crystal vibrational study has been reported. Table 1 thanviormode [2] it can be assigned to the two
compares the irreducible representations of the internal overlapping components of
BH, vibrations for the different possible site symmetries. No external lattice vibrations are observed in the Raman
Table 2 summarises the Raman frequencies known at spectra of the high-temperature phase,of LiBH . Fig. 2
present and their assignments, including those obtained shows that one of the two observed site group split

from the present study. The assignments for the high- componenig arid v, (and their overtones and combi-
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Fig. 1. Raman spectra of LIiBH at 295 K (a) and 412 K (b), and temperature-dependent Raman spectra in the ranges 120—400 and 1000-1500 cm  (c)
and 2100-2600 cii  (d) at increasing temperature. Lines labelled L are laser plasma lines not belonging to the Raman spectrum.

nations) have disappeared from the spectra. Clearly, the hexagonal structure for which this mode transforms as the
disappearance of the, mode splitting is consistent with irreducible representation E (Table 2). Fov,tlaes well
the increased point group symmetry of the BH ion in the asvthenode a splitting into two components (A E) is
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1300 - Table 2
12 a A Raman frequencies (cm ) of LIBH at 295 and 412 K
A
1310'_ BB B4 ap Raman frequencies (cm ) Assignment
1300 amus a4 295 K 412 K
1290 Literature [2] This work This work
o~ 1A a A A AL A4 2
§ 1280 = 189 & External
Py ] - 255 d vibrations
'(_{; 1270 1 - 285 d
S 1260.] - 1090 1096 v,
£ ] - 1099 d
14 4
1250 1253 1235 d 8,
1240 1287 1286 1302 v,
1" = . 1325 1316 d
1230 " "t an
-7 - 2157 2167 2,
300 320 340 360 380 400 420 - 2177 d
Temperature (K) 2300 2301 2299 v,
Fig. 2. Raman shift of the, (v,: A, v,; A) and 3| (l) modes versus 2274 2275 Not observed Vg
temperature during heating. 2309 (sh) 2321 (sh) 2355
. o - 2391 d Combination
expected but not observed. In the case pthe intensity is - 2491 d bands
probably too weak (see Fig. 1), while for, strong line - 2572 d
broadening (HWHM=100 cm ') presumably masks the sh, Shoulder.
second component. *Not indicated in the literature.

® Disappeared with high-temperature symmetry.

3.3. Dynamic disorder of the (BH,)  tetrahedron in the disappearance of the corresponding band in NaBH at 300
high—temperature phase K [7]) is an additional indication for the lowering of the
energy barrier of a possible librational motion. Further-
Evidence for the onset of dynamic disorder of the BH more, the rate of increase of the bandwidths as a function
tetrahedron above the transition temperature can be ob-of temperature is higher above than below the phase
tained from a study of the temperature dependence of thetransition. This behaviour is a likely indication for a
Raman line widths during a heating and cooling cycle. As coupling between internal modes and librational motion as
shown in Fig. 3 the line widths of the, and v, modes has been observed, for instance, for the NH ion in
increase abruptly at the phase transition during heating and
decrease abruptly during cooling. Apart from the expected

hysteresis the data show complete reversibility and the
absence of any significant sample degradation. It is im- s At
portant to note that the observed bandwidths at 412 K are st
quite different for the internal modes,(HWHM =30 s
cm ), v,(HWHM=50 cm '), vy(HWHM =100 cm *) 401 A
andv,(HWHM =36 cm ). In particulary, is extremely =~ 0
broad as can also be seen in the reported IR spectrum [3]. § 20.] O&dy %°
The disappearance of thev3 band (analogous to the = e
g (e}
I 20] A

Table 1 _ _ o ‘ _ s .
Qorrelat|on diagram for internal vibrations of tetrahedral BH ions in R R A af oA
LiBH, 0] 4 . o ee 30
Fundamental Site symmetry ¢
mode - rrrrrrrrrror T T

Free ion Phase Poma) Phase 2K6,mc) 300 320 340 360 380 400 420

Ty C. Cav Temperature (K)
:1 21 i: LA 'él Fig. 3. Line width HWHM (half wigth at half maximum) as ,a funct.ion of
vi T, AT+ A" A, +E temperat_ure. for the modes, (heatlng:_A_, cooling: A) anij v, (heatln_g:
v, T, oA+ A" A +E ®, cooling: O). Below the transition temperature,(HWHM)=

t (v,(HWHM) +v,(HWHM))/2. Solid lines are guides to the eye.
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NH,CIO, below 180 K [10]. In such a case, one expects changes observed at the phase transition suggest the onse
the bandwidth [’) to vary with temperature according to of large amplitude librational motions of quasi-rigid BH
the relation tetrahedra about their trigonal axis. These observations are

-u consistent with the observations of the crystallographic
I'=A+B-ext study as reported in the first part of this work.
where U is the librational energy andA and B are
constants.

Interestingly, above 180 K, the Raman bandwidths as Acknowledgements
observed for the ammonium group remain practically ) ) ] ]
constant, thus indicating nearly free rotations [10]. Un- _ This vyork was Supported by Fhe_z SWIS'S National SC|er1ce
fortunately, the present measurements on LjBH do not Foundation (subsidy Marie Heim®/ogtlin) and the Swiss

allow one to derive reliable values for the coefficieAtsB Federal Office of Energy.

and U, and thus to obtain quantitative information about
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