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The vibrational modes of three solid Alphasesd, 3, and amorphous high surface area #\l&re investigated.
Calculations have been performed using hybrid exchange correlation functionals to determine the equilibrium
geometries andl-point phonon frequencies for theAlF; and5-AlF; phases. The calculated optical modes

are in excellent agreement with experiment. The IR absorption of the amorphous, glasslike high surface area
(HS)-AlF; is also discussed. Deconvolution of the broad envelope of IR stretches and bending vibrations
identifies the components of the observed broad band. From the IR vibrational spectrum it has been shown
that both short-range and medium-range disorder are present within HSSMl&ctural phase transitions are
identified by their phase transition temperatige measured by thermal analysis.

1. Introduction of a-AlF3-3H,0 under a self-generating atmosphere. Heating
to 400°C gave a powdered material without single crystals.
Amorphous HS-Al was obtained by selgel fluorination and
post-fluorination with CHCIE according to ref 2. The material

is mesoporous with a surface area of 309gnThe carbon
content is about 0.5%. Fourier transform infrared (FT-IR) spectra
were recorded of Csl and KBr disks on a Perkin-Elmer 2000
spectrometer in transmission mode. A 1.5 mg sample was
ground with 200 mg of Csl or KBr and pressed. Spectra were
measured in the wavenumber ranges of 2000 and 406

’ 4000 cnt! at room temperature. Deconvolution of IR bands
was achieved by fitting of superimposed envelopes with Origin
software program.

In studies of structurally distinct aluminum trifluoride phases
such as crystalline, 3, and the highly disordered high surface
area (HS)-AlR, the degree of structural disorder is clearly
evident from X-ray diffraction2’Al MAS NMR, and scanning
electron microscopic (SEM) images as well as from adsorption/
desorption isotherms performed by the BET#iethod!2 From
the combined analysis of the vibrational spectra of both IR and
Raman experiments, we hope to gain an understanding of the
near range order of distorted aluminum fluoride phases
especially of the amorphous fluoride sample. The hybrid
exchange approximation to density functional theory has been

used to calculate the equilibrium geometries Brgbint phonon Thermal analysis was carried out with a Netzsch thermoana-

frequencies of thei- and-phases of Alg. Consequently, we .
can assign the observed vibrational modes of the crystal to !yzer STA 409 C Skimmer system. A 40 mg sample was heated

particular motions of its constituent octahedra. Although the in a platinum cr'u0|ble na mtroggn gas flow up to @W"h
vibrational spectrum of a matrix-isolated Alfnolecule with a constant heating rate of 10 K/min. The phase transition thermal

trigonal planar structure is well-knowrnan assignment of the hyﬁg:f';:ﬁ;?gnggg bi:giéi\éfése%r}?::g@gn%gosdaeﬁ les
vibrational modes of solid Alf-has not previously been made. t from P in IW rstal with an IFpSV\éSB ET IFF)Q
As expected, the IR and Raman data from a crystalline solid as well as from a singie crystal with a Vol

L . . spectrometer along with a FRA 106 Raman device (Bruker,
ff fi h f the hexafl I . . L
Z:Iigyfe different from those of the hexafluoroaluminate ion, Ettlingen, Germany) with excitation by a Nd:YAG laser (DPY

421, Adlas, Libeck, Germany) at 1064 nm with power levels
up to 500 mW, and with a Dilor XY Raman spectrometer (Dilor,
Bensheim, Germany) equipped with a nitrogen cooled CCD

The aluminum fluoride phases were either a commercial camera as a detector coupled to a BH-2 microscope (Olympus,
product in the case obéi-AlF3 (Acros, 99.9%) or prepared  Hamburg, Germany) in micromode technique (1BAckscatter
according to standard procedures and checked by X-ray dif- geometry, objective 50) with a 514.5 nm excitation line of
fraction (XRD). Additional, o-AlF3 was prepared from  an ILA 120 argon ion laser (Carl Zeiss, Jena, Germany) with
NH4AIF4 by thermal decomposition at 708C in flowing power levels of 1625 mW into the entrance optics, corre-
nitrogen. Single crystals of 0.2 0.1 mm size were grown from  sponding to an irradiation density at the sample surface of about
the vapor phasg-AlFs was prepared by thermal decomposition  0.1-0.25 mWum~2

2. Experimental Section
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TABLE 1: Lattice and Structural Parameters of a-AlF; and f-AlF; Phases

system cell parametera, (o, andc) (A) cell volume (&) Al—F (A) F—AI—F (deg) AFF—AI (deg)
o-AlF3 5.042 (4.925) 276.919 1.8164 (1.800) 90.0 (89.9) 161.85 (156.46)
5.042 (4.925) (274.054) 90.0 (90.2)
12.578 (12.448)
B-AIF 5 1.815 (1.798) 90.2 (90.3) 179.7 (166.4)
7.036 (6.931) 622.586 1.817 (1.800) 90.1 (90.0) 150.8 (148.7)
7.261(7.134) (593.497) 1.818 (1.801) 90.2 (90.2) 179.8 (165.5)
12.185 (12.003) 1.818 (1.801) 89.8 (89.8) 150.8 (148.3)
1.815 (1.796) 90.0 (89.9)

expanded in atom centered Gaussian basis sets of triple valencéohedral (Figure 1) structure with space gro®fc at room
quality. Details of the basis sets used have been reportedtemperaturé.The arrangement of corner shared Atfetahedra
previously}415 The zone center vibrational modes were com- undergoes an endothermic phase transition at about@5t
puted by numerical differentiation of the analytic gradients and the cubic high-temperature AJpphase, isomorphous to ReO
diagonalization of the resultant dynamic matrix. This procedure discussed later in the text. Daniel efalave studied the phase
has recently been used successfully in studies of the vibrationstransition in detail with the help of Raman absorption bands
of quartz and corundui®:1” An essential prerequisite of the that exist only in the rhombohedral phase.

vibrational calculation is the accurate determination of the  According to group theory considerations, 21 optical vibration
equilibrium geometry. Optimization of internal coordinates was modes (10 IR active, 4 Raman active, and 7 inactive modes)
performed using a modified BFGS algoritktd>until the root- exist in the low-temperature rhombohedral phase. Fundamental
mean-square (rms) and the absolute value of the largestvibrations of symmetry types belonging to the point gr@ug
component of the gradient were within 0.00015 and 0.0001 are given in Mulliken notation:

hartree/bohr, respectively, and the rms and the absolute values

of the displacements were within 0.015 and 0.01 bohr, respec- AigT 2Ay+ 6, + 2A + 2A,, + 8E,

tively. The unit cell parameters were optimized to the same

tolerance by successively optimizing the cell parameters and among which all g and E modes are doubly degenerate.
internal coordinates. The splitting of the longitudinal optic (LO) The well-resolved peaks in the Raman spectrum (Figure 2)
and transverse optic (TO) models due to long-range electrostaticare only observable in spectra from single crystals, i.e., in our
fields has not been computed, and thus for split modes the small crystallites under a microscope. For truly microcrystalline
frequencies reported correspond to TO modes of the crystal. powders the spectra consist of a broad band in the low-
The intensity of IR modes has been evaluated as proportionalyavenumber region.

to the first derivative of the dlpole moment with respect to the The experimenta”y observed vibration modes are Compared
normal coordinate multiplied by the degeneracy of the mode. with those computed in Table 2. Four of the vibrations are
The d|p0|e moment derivatives have been calculated from the inactive in Raman as well as in IR because of their Symmetry.

Born effective charge tensor established from the maximally There are also three zero-frequency acoustic modes. The low-

localized Wannier functions. frequency Raman active modes denoted as 1 and 2 in Table 2
) . have temperature-dependent frequencies which disappear at the
4. Results and Discussion phase transition temperatur& of about 460°CS8 Their
4.1. Structural Information. In Table 1 we present details ~ unusually high intensity is rationalized by the easy excitation
of the predicted structure for the bulk unit cells@fAlF; and of the rotational motion of Alk octahedra in contrast to the
B-AlF3 phase. Experimental values are given in parentigdes  very weak stretching and bending lines of Raman modes 3 and
respectively for thex- ands-phases. 4. This is due to the low polarizability of the rigid fluoride ions,

There is one type of octahedron presentilF; but there  particularly as they are fixed in AIF—Al bridging positions.
are two types of octahedra presenBirhlF3 as shown in Figure None of the four Raman modes is active in the cubic phase.
1. These two types have slightly different-AF distances and ~ Our data are for room temperature only.
F—Al—F angles. The octahedra share corners in an alternating There is excellent agreement between the calculated and
pattern inS-AlF to form six membered and three membered Measured frequencies. The maximum deviation is 20%e¢m
ring structures. We demonstrate later that these differences in
structural features produce a rich vibrational spectrum.

30000 r~
4.2. Rhombohedrala-AlF 3 Phase.The thermodynamically ] @
stable phase of the aluminum fluoridesAlF3, has a rhom- 25000
E' 20000 -
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Figure 1. (a) a-AlFs. (b) S-AlF3 with type | octahedra. (c-AlFs Figure 2. Raman spectrum of the-AlF; rhombohedral phase (inset:

with type Il octahedra crystal).
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TABLE 2: Assignment of Calculated (Athermal Limit) and Experimental (Room Temperature) IR and Raman Modes in
(1'A|F3

frequency (cm?) relative intensity
mode symmetry type vibration calcd exptl calcd exptl

Raman

1 Ey rotation of AlRs 89.3 96.0 1.0

2 Arg rotation of AlFs 136.5 157.2 10.0

3 Ey bending A-F—AI 386.2 382.2 0.1

4 Ey stretching A-F 470.5 478.0 0.01
inactive

5 Ay bending A-F—AI 263.5

6 Agg, mixed translation of F 380.8

7 Ay stretching A-F—AI 536.9

8 Axg stretching A-F 708.0
IR (TO)

9 E bending FAI-F 246.2 240 2 very weak

10 Az bending FAI-F 345.7 340 509 moderate

11 E translation and bending AIF—Al 356.5 366 971 very strong

12 E stretch/bending of FAI—F/Al—F—Al 537.2 540 65 weak

13 Aoy stretching AHF 641.7 640 521 very strong

14 E stretching A-F 646.4 666 1000 very strong

which occurs for the Raman activeifand the IR active E 650 cmt is due to the overlap of several different modes, as
modes. All other differences are within 10 cin When can be see from Table 2. The spectrgfeAlF; and HS-AIR
comparing theoretical and experimental frequencies, it is can only be discussed in a qualitative manner due to the large
important to remember that the theoretical results were calcu- degree of disorder present in these samples. Similar findings
lated & 0 K while the experiments were performed at room have previously been widely discussed not only for fluoride
temperature. The deviations in the Raman active soft mode but also for oxide glassésThe most probable reason for the
frequencies may also arise as the result of the presence ofvery broad peaks is the overlap of close spectral components
anharmonicity. In general, the computed frequencies are anrelated to different vibrationsIn addition, the HS-Alg sample
underestimate of those experimentally measured, examples beingonsists of nanoparticles, approximately 10 nm in diamleter.
small underestimations (less than 6 dnin the FAlI—-F Inherently, the nanoparticle size effect, i.e., the transition from
bending mode (g}, the Al-F—Al bending mode (E), and the continuous to discrete energy levels of such small cluster
Al—F stretching mode (4). One reason for these general aggregates, contributes to the broadening of the vibrational
underestimations may be the slight overestimation of the modes. Boulard et &lhave calculated the symmetric bending
equilibrium volume of the crystal by 1%. Frequencies computed vibration of Al-F—AI bridging fluorine atoms active in the
at the experimental volume are within 10 cthhof those Raman mode. The deviation of the bending angle fronf 180
observed. It is notable that the high intensity of modes 11 and 140 varies the bending mode frequency by about 100%cA
14 (k) is simply due to the double degeneracy of the mode. small change in the bond length in disordereetMcompounds
The transmission IR spectra farAlFs, 5-AlF3, and amor- of 0.2—0.3 A splits the IR stretching vibrations, resulting in a
phous glasslike HS-AlFphases are shown in Figure 3. The IR number of superimposed absorptiéA3his explains why only
spectra of the Algphases are principally broad, especially the single crystals of high structural purity result in well-resolved
antisymmetric stretching vibrations. The full width at half-height Raman spectra. Conversely, microcrystalline powders yield
(fwhh) increases very strongly in going fromAIF3 (95 cnTl) spectra in Raman scattering and IR as broad envelopes contain-
andS-AlF3 (170 cnm?) to the amorphous metal fluoride glass ing bands of different origins.
HS-AIF; (400 cnTl). The sharp peaks observed in the Raman  4.3.8-AlF ; Phase The Raman spectrum of tifieAlF ; phase
spectrum confirm that the-AlF3; sample is crystalline. The is known from previous experimental work with single-crystal
broadness of the two IR peaks which appear around 350 ands-AlF; to be composed of two banf8Our microcrystalline
material produced only an unresolved broad band centered at
about 140 cm? (Figure 4). The infrared spectrum presented in
HS-AIF, Figure 3 is different from that of the-AlF; phase. This is due
J to different connectivities of the AW-octahedra and an
inherently different lattice structur@:AlF3 has an orthorhombic
B-AIF, structure and space gro@mcm!! The resulting fundamental
"""""""""""""" modes may be classified as

8A, + 7B,y + 7B,  +5By, + 9A, + 10B, + 11B,, +
o-AlF
s 12B,,

Transmission

Twenty-seven of these modes are Raman active modgsi8A

| . 7B1g + 7Byg +5Bgg), 33 are IR active modes (10B+ 11By,

4 Y + 12Bg), and 9A, modes are inactive. The lower symmetry
—————— and thus inequivalent atomic positions _with_in theAlF3 unit

0 200 400 600 800 1000 1200 cell generates a larger number of vibrational modes than
Figure 3. Transmission IR spectra of-AlFs, 8-AlF3, and amorphous observed in the:-AlF3 phase. The calculated and observed (this
glasslike HS-AIR phases. work and ref 9) zone center frequencies are presented in Table
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. r . , . . . , phases of Alg. The differences in local geometry of theAlF3

“a 400 st Aol 1000 and 5-AlF3 phase are shown in Figure 1 and Table 1. It has
Wavenumber [cm’'] been found that not only are there two types of octahedra found

Figure 4. Raman spectrum g¢8-AlF; phase. in B-AlF3, there are also different local geometries as apparent

from the differences in AtF—Al angles. The FAI—F bending

3. There are many modes that are very close in frequency andMode at 246 cm' in a-AlFs is blue-shifted to 278 cnt in.
almost degenerate due to the close similarities between the twoS-AlFs. The eigenvectors of those modes are shown in Figure
types of octahedra. The theoretical calculations are for an ideal: Which shows that these modes belongs to similar types of
crystal. Therefore, differences between the predicted and octahedra in two different phases. The change in wavenumber
observed frequencies are to be expected; nevertheless, the overd most likely due to the decrease in size of the octahedra from
agreement between the calculated and experimental ones i$t-AlF3 to -AlFs. The F-Al—F bending A, and the double
reasonable. degenerate Emodes computed at 345 and 356 Cprespec-

The calculated value of the Raman active rotational mode tively, in a-AlFs are red-shifted to 336 and 350 cin(the
A4 is underestimated. It reflects the effect of anharmonicity on Baw Baw and By F~Al—F bending modes) ii-AlFs. This is
the soft Raman mode. The effect of temperature and the due to the presence of two different types of ring structures.
noncrystalline nature of the experimental sample also contribute From Figure 2 it can be seen that these modes have broadened
to the deviation of the calculated vibrational frequencies from at least partly due to the overlap of the different closely spaced
the experimental values. The deviation due to the overestimation™0des, as opposed to only being due to a larger degree of
of the volume and consequently the underestimation of the disorder in the crystalling-AlFs sample. The calculated mixed
frequencies by the B3LYP functional is unlikely to be more Mode at 537 cm' for a-AlFs is due to the stretching of
than 10 cmi’. No Raman active mode in the frequency range F—Al—F bonds and the bending of the AF—Al angle. It is
of 250-270 cnT! has been seen. This may be due to small blue-shifted to 599.0 cnt in B-AlFs. The involvement of
intensities as obtained for the IR active modes in this region. members of two different octahedra in the latter case is
The intensities of infrared active-FAl—F bending modes are ~ responsible for the removal of the degeneracy of this mode as
close to zero in this region; hence they cannot be seen well as the blue_shlft. The additional modegHAIF 3 are mainly
experimentally. This also implies that a small dynamic dipole due to stretching of FAI—F bonds that connect the two
moment is associated with these bending modes. different octahedra in the six membered and four membered

The first appreciable IR mode, as shown in Figure 3, is an fing structures. In this region five modes appear around 639,
F—Al—F bending mode around 351 cinThe calculated mode 640, and 649 cr. This again broadens the IR peak, although
at this frequency is due to the vibration of a bridging F ion and large broadening above 700 chmay be due to local disorder
the flexing of F-Al—F angle within an octahedron. The second in the experimental sampfé.
observed IR mode is located around 600 érThis is calculated 4.4. Amorphous HS-AIR; Phase.The amorphous HS-Al-
to be due to the stretching of the-Al—F angle and is related ~ phase is a highly distorted glasslike fluoride in which one cannot
to the ring structures. The,Band Bs, modes in this region,  expect well-resolved Raman lines (Figure>@)his phase is a
involving the stretching of FAI—F bonds and bending of the  product of the recently discovered nonagqueous-gel fluorina-
Al—F—Al angle of the ring structure, are not observed. One tion route to nanosized metal fluoridé$he structure, surface
reason for the absence of these modes may be that the ringoroperties, and spectroscopic details are studied elsewhere.
structure is distorted. The AlF stretching modes in the high-  Very recently, Chaudhuri et & used empirical molecular
frequency regions can be seen, although they are blue-shifted dynamics simulations (MD) to study the disorder and reactivity
which may be also for distorted ring struct#feThe absence  of nanostructured Alf-units. This simulation suggests that the
of ring structure related modes and the broadening and blue-surfaces are very dynamic on a time scale of picoseconds and
shifted internal modes indicate that in the noncrystalline sample with Al—F bonds are continually broken and re-formed. The
the Al—F distances vary and that the ring structures are modified finite size effect provides not single frequency vibrations but
from those in a purg-AlF 3 crystal. It appears that the stretching broad normal modes. Unlike in a single crystaloeAlFs, no
and ring structure related modes are systematically offset from phase transition from a rhombohedral to a cubic phase was found
those computed for ideA+AIF 3. From this one can hypothesize in these calculations.
that the disorder in the sample is related to distorted ring Deconvolution of the broad band around 670 ¢rof the
structure and variation of AlF bond lengths but not to Al Al —F stretch of the amorphous fluoride phase is shown in Figure
F—AI bond angles, which is significant. 7. This principally shows how the experimental envelope can

Analysis of the data in Figure 3 and Tables 2 and 3 enables be split off and traced back to six single spectral absorptions to
an understanding of how the vibrational modes differ in different produce a reliable fit. (The real number of single components



Vibrational Analysis of All J. Phys. Chem. A, Vol. 111, No. 26, 2006817

TABLE 3: Assignment of Calculated and Experimental IR and Raman Modes inf-AlF 3

frequency (cm?) relative intensity
mode symmetry type vibration calcd exptl calcd exptl
Raman
1 Big rotation of AlRs 41.8
2 Ag rotation of AlR 42.3
3 Aq rotation of AlRs 53.6 75 10.0
4 Bog bending F-AlI—F 249.0
5 Bag bending F-Al—F 249.8
6 Ay bending F-Al—F 2511
7 Big bending F-AI—F 251.8
8 Big bending F-AI—F 263.4
9 g bending F-AI—F 263.5
10 Big bending F-AI—F 266.4
11 Bag bending F-AI—F 267.3
12 Bsg bending FAI—F 267.4
13 Bog bending F-AI—F 277.6
14 Ag bending F-Al—F 379.2
15 Big bending F-AI—F 379.3
16 Aq bending F-Al—F 391.4
17 Byg bending F-AI—F 411.1
18 Ag bending AF-F—AI 420.2 417 3.5
19 Bsg stretching A-F 459.6
20 Big stretching A-F 460.9
21 Bsg stretching A-F 467.9
22 Bog stretching A-F 468.2
23 Byg stretching F-Al 630.5
24 Big stretching F-Al 637.8
25 Ay stretching F-Al 638.2
26 Bsg stretching F-Al 688.4
27 Bay stretching F-Al 688.6
inactive
28 Ay rotation of AlRs 130.1
29 A bending FAI-F 169.9
30 Ay bending FAlI—F 257.6
31 A bending FAI-F 299.9
32 Ay bending FAlI—F 300.0
33 Ay bending FAI-F 558.5
34 Ay stretching FAI—F 626.9
35 Ay stretching FAl 635.0
36 A stretching F-Al 640.6
IR (TO)
37 By bending F-Al—F 130.2 0
38 Bay bending FAI-F 145.3 0
39 By bending F-Al—F 170.0 0
40 Bay bending FAI-F 213.9 0
41 Bou bending F-Al—F 214.0 0
42 Bau bending FAI-F 248.8 0
43 Bou bending F-Al—F 261.7 0
44 Bsy bending F-Al—-F 261.9 0
45 Bou bending F-Al—F 278.4 21
46 Bay bending FAlI—F 278.5 19
a7 Bsu bending F-Al—F 282.3 0
48 By bending FAlI—F 299.6 0
49 Biu bending FAl—F 300.3 0
50 Boy bending FAI—F 321.1 0
51 Bsu bending F-Al—F 336.0 1091
52 Boy bending FAI—F 336.4 1087
53 By bending FAI-F 351.8 350 1543 very strong
54 By bending AF-F—AI 373.9 0
55 Bay bending FAI-F 389.3 0
56 Bay bending and stretching-FAI —F 549.9 0
57 Bay bending FAI-F 550.2 0
58 By bending and stretching-FAI —F 558.0 0
59 By bending FAI-F 586.2 0
60 Bay bending A-F—Al/stretching FAl—F 599.1 1152
61 By bending A-F—Al/stretching F-Al—F 599.1 600 1183 moderate
62 By stretching FAI—F 627.0 0
63 Bsy stretching FAI—F 639.3 698
64 By stretching FAl 639.4 0
65 By stretching F-Al—F 639.5 654
66 Bay stretching FAI—F 640.5 3
67 Boy stretching FAlI—F 641.6 19
68 By stretching FAl 649.6 1552

69 Bay bending FAI—F 650.6 655-750 (broad), very strong
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doubly degenerate Fand Ay, modes ofa-AlF3; and the B,

0.065 - (i =1, 2, 3) modes ofi-AlF3. The distinct peaks around this
region indicate that medium-range order corresponding to the
F—AI—F angle distribution within a single octahedron does not
0.060 vary significantly between different Af-phases. The peak
around 500 cm! again indicates the presencewfAlF; phase
within the system. The bending offAl—F angles within a
particular ring and the associatee-Al stretching mode give
rise to peaks above 700 cf The width of these peaks indicates
that in the HS-AIR; there is a large degree of disorder within
the system.

4.5. Phase TransitionsTo describe the thermal stability of
0.045 - AlF3 phases, phase transition temperatures were determined by

differential thermal analysis (DTA) measurements. Accordingly,
200 400 800 800 1000 the room temperature statdeAlF ; phase shows an endothermic
Wavenumber [em”] transforr_natlon peak at 45T in the heatln_g modg of the DTA
) curve (Figure 8). A large thermal hysteresis of°C3is observed
Figure 6. Raman spectrum of the HS-AJphase. by subsequent cooling of the sample with an exothermic peak

80 - at 438°C. These values differ by 5 and 1 from those
reported in ref 6. The thermogravimetric curve (TG) is expect-
edly constant over the whole temperature range up to°@0
without any weight loss.

The phase transition temperature/RAIF; to a-AlF; is at
about 500°C. It could not be exactly determined by thermal
analysis even when single crystals were used for the measure-
mentst!

The transition from amorphous HS-AlFo o-AlF3 results in
a strong exothermic peak at 546 .2 The thermal curve in the

=g = . cooling mode showed no peak corresponding to a phase
B =00 00 89 aog 1000 transition from cubic to rhombohedral AJFThis is again in

0.055

0.050

Intensity [arb. units]

70 -
60 -
50 =

40 ]

Absorbance

30 -
20 -

10

Wavenumber (onv”) agreement with the behavior predicted for nanoscopig Béig
Figure 7. Deconvolution of the IR At-F stretching absorption of HS- MD calculations?® According to our observations tfig value
AlFs. of the HS-AIR; transition is not a constant but varies between

o . 498 and 575C, most frequently from 555 to 56%, depending
contributing to the band width could be much greater than these oy the sample. This behavior is a consequence of the varying

calculated from the deconvolution modeling.) The maxima occur degree of disorder present. Thus, the phase transition temper-
at the wavenumbers 539, 608, 666, 743, 860, and 977.cm  yyre T, together with the closely related enthalpy of transition,

The.occgrrence of Alfspecies g.iving rise.to sucha broaql range AHr, (cal g3, could be a measure for characterization of the
of vibrational frequencies confirms again the assumption of a amorphous state.

spread of A-F bond lengths. The broad peaks f+AIF3

correspond at least partly to the presence of two different sizes5 Conclusions

of octahedra. It is expected that in high surface area amorphous™

HS-AIF;s many more diverse structures are present. In amor-  |R and Raman bands of theAlF; and3-AlF 3 phases were

phous materials the breakdown of the conservation of wave assigned to the symmetry types of space gri@8pandCmcm

vector causes all modes which were inactive in either Raman respectively. Eigenvalues and eigenmodes from density func-

or IR to become activé® This will also, in part, contribute to  tional theory calculations were compared to the experimental

the broadening of the peaks in the vibrational spectrum. data allowing the assignment of given modes to specific motions
From the assignment of the individual peaks it is observed of the constituent AIF octahedra. The comparison shows very

that HS-AIF; consists of both the- andg-phases of Alg Three good agreement fom-AlF3. The agreement fof-AlF; phase

modes around 338400 cnt! are the superposition of the is qualitative because no single-crystal samples were available

DTA

TG uv Temperature /°C
1%
L 20 800
100 o | 700
[ 600
95 Lo 500
| 400
%0 10 L300
.20 200
85 100
e --30 0
0 20 40 60 80 100 120 140
Time /min

Figure 8. TG curve and thermal analysis curves (DTA) of the single-crystaAlF; phase in heating/cooling mode.
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for experimental analysis. The comparison shows thaf{A#-3 (9) Boulard, B.; Jacoboni, C.; Rousseau,MSolid State Cheni989

is di ; 80, 17.
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