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298i-'F coupling constant pairwise parameters have recent-
ly been reported for the mixed tetrahalosilanes.'® The
chemical shift parameters are plotted against the correspond-
ing boron compound parameters in Figure 4. Separate
straight lines are formed by the fluorine-containing and non-
fluorine-containing parameters. The difference between

the two lines corresponds to about 4 ppm in either the

boron or the silicon compound parameters. This seems

to confirm that fluorine has anomalous effects when com-
pared to the other halogens. The anomaly is probably
related to different degrees of multiple bonding from fluorine
to boron and to silicon. The results obtained would be
consistent with better fluorine-to-central-atom multiple
bonding in the boron compounds than in the corresponding
silicon compounds, consistent with the better correspondence
in orbital sizes in the boron case.

Qur tetrahedral-boron '!'B chemical shift parameters
correlate well with corresponding tetrahedral-carbon param-
eters,” tetrahedral-?” Al parameters,*® and trigonal-boron
parameters,® as can be shown by smooth-curve plots. A
previously noted anomaly of the '3C Br,Br parameter®®
recurs in our work. Unfortunately no pairwise terms
involving fluorine are available for the *C or 2 Al systems.

Adequate interpretation of trends in pairwise parameters
awaits the availability of more data. Nevertheless it seems
that corresponding parameters relating to different central
nuclei can be related to differences in bonding, so that
the parameters should be of value in chemical bonding
studies as well as of empirical use.
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Figure 4. 6§19 pairwise interaction parameters for SiX, species
vs. BX,” species.
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The **Cl nqr spectra at room temperature are reported for chloroaluminate groups in Te, (AICL,),, IC1, AICl,, Bi,(AICL,),,
Co(AICL,),, Hg,(AICl,),, and Te,(Al,Cl,),. These and the literature data for NaAlCl,, GaAICl,, and SCI,AICl, are com-
pared for known and probable structures. The transitions of relatively free AICl, ™ groups in *“ionic” compounds are
found to average 10.6-11.3 MHz with a range of <1 MHz for the individual compounds, Strong coordination of AICI,~
to the cation (e.g., Co**, Hg,**) or the formation of Al,Cl,” anions is reflected in an elongation of the bridging aluminum-
chlorine bonds and in appreciable increases in both the range and the average frequency of the chlorine transitions. The
effects of bridging on the halogen nqr transitions are considered and compared with those for the aluminum and gallium

halide dimers M, X.

Introduction

The need for a convenient method for determining the
identity and bonding character of the anions in chloro-
aluminate compounds that is quicker than an X-ray study
has been made more apparent by the increased utilization of
AICl,” anions in compounds with unusual cations. The
problem was brought to a head by the recent preparation of

a series of apparently ionic tetrachloroaluminate compounds
of some polyhalogen cations' which had particularly un-
favorable properties for crystallographic study. The classi-
cal technique of infrared spectroscopy is inconclusive (and
hence misleading) in some practical situations, for example,

(1) D. J. Merryman, P. A. Edwards, J. D. Corbett,and R. E.
McCarley, Chem. Commun., 779 (1970).
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in its inability to distinguish between AICl; ™ and Al,Cl,~
anions in salts with the Te,* cation.? In addition, there

is an increasing need to be able to diagnose a strong coordina-
tion of the normally “inert” AICL, ™ group to the cation. The
present study of the **Cl ngr spectra of a number of chloro-
aluminate compounds of known or probable structure
demonstrates that this technique does well in distinguishing
most ionic AICL,™ structures from those containing either
Al,Cl,” ions or AICl,™ anions which have strong coordina-
tion and the concomitant distortion.

Experimental Methods

Commercial AlCI, was sublimed first under vacuum and then
under 30 Torr of argon to remove FeCl,. All sublimed reactants
and products were transferred in the usual drybox or, in the case
of ICl and its compounds, in a polyethylene glove bag. Following
the reported preparation of IC1,AlCl,,* purified ICl was slowly
sublimed from an evacuated storage flask into an evacuated, pre-
weighed container which was then closed and weighed on an analy-
tical balance. The ICl was then transferred by sublimation to a
reaction vessel containing the appropriate amount of AICl,, a slight
excess of dry Cl, was added, and the contents were slowly heated
over a period of several hours to ~70°. Teflon needle valves (Fischer-
Porter) were used as closures in all such handlings.

The tetrachloroaluminate salts of Co?*, Hg,?*, and Bi,** were
prepared by fusion of the appropriate quantities of CoCl, and Al-
Cl,; HgCl,, Hg, and AICL,; or BiCl,, Bi, and AICI, in evacuated, seal-
ed Pyrex containers, the sublimed component salts being weighed in
the drybox to +20 mg on a triple-beam balance. The Te,?* salts
came from a previous study.? Samples of 20-30 g each were sealed
under vacuum in 18-cm lengths of 15-mm o.d. Pyrex tubing for the
spectroscopic study. Each sample was usually fused and annealed
just below the melting point before study in order to obtain a maxi-
mum density and crystallinity; all the phases are thought to melt
congruently,

The general instrumental techniques employed for the spectros-
copy have been described elsewhere.® Initial spectra and the ap-
proximate frequencies of observed resonances (x10-20 kHz) were
recorded on a Wilks NQR-1A superregenerative spectrometer. Pre-
cise frequency measurements were obtained and the resolution of
overlapping resonances (separation >20 kHz) was accomplished at
room temperature on a wide-line spectrometer previously described
by Torgeson.® This spectrometer was set to scan a 50-125-kHz
region for 3-18 hr, the data being collected on a 400-channel analy-
zer. Proper data for *7Cl were observed accompanying all but
the weakest **Cl resonances; the former were checked quantitatively
whenever other assignments were conceivable, as with the compounds
of Co, Hg, and Bi.

Results and Discussion
In Table I are collected **Cl resonance frequencies (vg)

for the anions in the six chloroaluminate compounds studied,
[Teq(AICL,),, ICL, AICY,, Bis(AICl,)s, Co(AlCL,),, Hgs (Al
Cl),, and Te4(Al,Cl,), ], together with literature data for
three more [NaAlCl,, GaAlCl,, SC13AICL .68 Also tabu-
lated are the number of independent chlorine atoms expected
for known structures.>**? The illustration of data in Figure
1 gives a better comprehension of the gross differences. The

(2) D. J. Prince, J. D. Corbett, and B. Garbisch, Inorg. Chem., 9,
2371 (1970).

(3) C. G. Vonk and E. H. Wiebenga, Acta Crystallogr., 12, 859
(1959).

(4) P. A. Edwards, R. E. McCarley, and D. R. Torgeson, Inorg.
Chem., 11, 1185 (1972).

(5) D. R. Torgeson, Rev. Sci. Instrum., 38,612 (1967).

(6)J.C.Evans and G. Y-S. Lo, Inorg, Chem., 6,836 (1967).

(7) S. L. Segel and R. G. Barnes, USAEC Report 15-5312, Ames
Laboratory, lowa State University, 1962.

(8) H. E. Doorenbos, J. C. Evans, and R. O. Kogel, J. Phys.
Chem., 74, 3385 (1970).

(9) N. C. Baenziger, Acta Crystallogr., 4,216 (1951).

(10) T. W. Couch, D. A. Lokken, and J. D. Corbett, Inorg. Chem.,
11,357 (1972).

(11) J. A. Ibers, Acta Crystallogr., 15,967 (1962).

(12) R. D. Ellison, H. A. Levy, and K. W. Fung, Inorg. Chem., 11,
833 (1972).
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Figure 1. Frequencies of the nqr transitions for **Clin the indicated
chloroaluminates at room temperature.

resonance region shown should of course be viewed in the
perspective of the much greater range known for 35Cl transi-
tions, from a few megahertz in “ionic” chlorides to 54.5
MHz in (solid) *‘covalent” Cl,.13

Nqr transition frequencies for chlorine which can be
measured to five significant figures clearly contain much
more information on field gradients and the intertwined
asymmetry parameters at the chlorine nucleus than can be
accounted for in any quantitative detail with the present
understanding of these factors. Nonetheless, the simple
correlation of gross changes in the *Cl data for chloro-
aluminate groups with the strength of the greater chlorine-
cation interactions when the latter are judged in terms of
just the elongation of the aluminum-chlorine bonds is
demonstrably successful. All other effects (except perhaps
asymmetry corrections in the case of strong bridging of
chlorine to the cation) are apparently much less important
at this level of interpretation. This correlation is aided by
the relative ease with which chlorine resonances may be ob-
served in these compounds with present instrumentation;
of all the compounds studied only Seg(AICl,),** did not
give any detectable resonances.

The first five compounds listed and plotted appear to be
ionic AICl,” compounds. A more detailed consideration of
this judgment and of the spectra will lead to the conclusion
that an array of *Cl resonances ranging between about 10.2
and 11.7 MHz is typical for tetrachloroaluminate com-
pounds in which the AlCl,-cation interactions are substantial-
ly only coulombic in nature. In these examples the reso-
nances average between 10.6 and 11.3 MHz'® and in each
compound show a range of 1 MHz or less. After these
generalities are discussed, data for the last group of com-
pounds in Table I will be considered as exceptions, that is,
as containing a strongly coordinated AlICl,~ group or the
different anion Al,Cl,” both of which exhibit 3*Cl transi-
tions with appreciably higher averages and with wider ranges.

The necessary data regarding d(Al-Cl) in pertinent known
structures are given in Table II,>°712:16:17 sorted accord-
ing to normal (terminal) and bridging chlorine functions
where appropriate and including the angle at chlorine for
some of the latter examples. Probably the best behaved of

3

(13) E. A. C. Lucken, “Nuclear Quadrupole Coupling Constants,
Academic Press, London, 1969.

(I'4) R. K. McMullan, D. J. Prince, and J. D. Corbett, Inorg.
Chem., 10, 1749 (1971).

(15) The results of semiempirical calculations of **Cl nqr fre-
quencies in normal AlCl, ~ ions using SAVE-CNDO theory also fall
in this experimentally observed range: P. A.Edwards and M. A.
Whitehead, unpublished research.

(16) A. C. Hazell and R. G. Hazell, Acta Chem. Scand., 26, 1987
(1972).

(17) N. C. Baenziger and A. D. Nelson, J. Amer, Chem. Soc., 90,
6002 (1968).
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Table I. Quadrupole Transitions for *°Cl in Chloroaluminate Compounds at Room Temperature

35(C] resonance data Structure
Compd Obsd vQ,“ MHz Intens Avyg, MHz Source No. of indep Cl Source

NaAlCl, 11.009 m 11.31 Ref 6 4 Ref 9
11.272
11.385
11.583
Te, (AICL,), 10.201
11.138
ICL,AICY, 10.802
10.843
11.297
11413
Bi, (AICl,), 10.479
10,779
GaAlCl, 10.296 10.61 Ref 7 See text
10.382
10.460
11.312
Co(AICL,), 10.813 s 11.84 This work 4 Ref 11
11.115
12.491
12.959
Hg,(AICL,), 10.417 w 11.47 This work 8 Ref 12
10.676
10.812
11.383
11.433
11.843
12.568
12.597
Te,(ALCL), 10.965 mw 11.68 This work 7 Ref 10
11.058
11.368
11.390
11.976
12.391
12.633
SCl,AlCH, 9.91 10.40 Ref 8
10.18
10.46
11.04

@ +] kHz except +30 kHz and +3 kHz for data from SCl,AIC], and NaAlCl,, respectively. b v values given in literature for NaAICl, were
all confirmed semiquantitatively and the first two listed to +3 kHz in the course of the present study.

S

10.67 This work 4 Ref 10

11.09 This work 4 Ref 3

“88 %<

10.63 This work See text

Table II. Aluminum-Chlorine Distances and Angles in Some Chloroaluminate Structures

d(Al-Cl), A Al-CI-M
Terminal Bridge Bridged angle, deg Ref
(S,N,)AICL,) 2.093 (5)-2.126 (3) (eight) 16
(CH,),C,(AICL,) 2.105 (3)-2.128 (4) (four) 17
NaAlCl, 2.11-2.16 (four) 9
Te,(AICL,), 2.110 (1) 2.149 (6)b 98 10
2.093 (6) 2.130 (6)
IC1, AICI, 2.05 (6) 2.20 (6) 3
2.08 (6) 2.10 (6)
Te,(ALCL,), 2.081 (8) 2.128 (7)° 10
2.094 (7) 2115 (M®
2.097 (7) 2262 (N°
_ 2.099 (7) 2222 ()¢ 110.8 (3
Co(AlCl,), 2.105 (19) 2.188 (18) 87 11
2.183 (14) 87
2.151 (16) 127
Hg,(AIC1,), 2.106 (6)-2.131 (5) (six) 2.185 (5) 105.7 ) 12
2.181 (5) 103.4 (2)

@ Errors of 0.03-0.05 A estimated by Ibers.!* Y A weak bridging function is suggested by d(Al-Cl) a'hd by chlorine-to-cation distances.'®
¢ Intraionic bridge.

the known structures in exhibiting unperturbed Al-Clbonds ~ The remaining examples are either less adequately determined
to serve as reference values are S;Ns*AICl, ™ and (CHy)4- or show markedly larger variations and ranges because of
Cs*AICl, ™, where the bond averages [and ranges] are 2.119 either coordination to the cation or a change in the nature
(2) [0.033 (6)]and 2.120 (2) A [0.023 (5) A], respectively. of the anion.

Substantially the same average [2.120 (4) A] occurs in Te,**- Returning to Table I and Figure 1, NaAICl, should be a
(AICl;7),, even though a weak bridging of the edges of the good example of a well-behaved tetrachloroaluminate salt
Te,?* square by chlorine has been deduced?® and is reflected insofar as an “inert” cation is concerned (though the coulom-

in the range of distances within the anion [0.056 (8) A]. bic effect of the small cation may actually have caused a
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general increase in the net electric field gradients at chlorine
and a concomitant shift of all resonances to higher frequen-
cles). Only two weak transitions out of four possible are
observed for Te,?*(AICI,7),, and these only after extensive
annealing, but if they are representative of the two types of
chlorine (Table II), the compound is reasonably ““ionic,” as
also suggested by the intraionic distances. The same is indi-
cated by the nqr data for IC1, AICl, even though the reported
structure? is not sufficiently well-determined to confirm this
in terms of d(Al-Cl). (The iodine has an approximately
rectangular environment with a second pair of chlorine neigh-
bors from AlCl, ™ groups 26% (0.6 A) further away than those
bonded in the cation.) An earlier ngr study on ICl, AIC1,®
was inadequate in both resolution and sensitivity. The Al-
Cl,~ compounds of Big>* and Ga* give every indication of
being ionic phases'®!® though complete crystal structural
data are presently not available for either. Solid Bis(AIClL,),
exhibits a normal ir spectrum for AICl,~,% and the Bis**
species exhibits a negligible change in its electronic spectrum
in the melt when the anion is altered from chloroaluminate
to chlorozincate.?! The ir and Raman spectra of solid Ga*-
AICl,” support an ionic constitution,?? while the crystal
structure?® of the very similar'® Ga*GaCl, ™ indicates no
significant or specific interactions of Ga™ with the anion; in
fact, the volume available to the cation seems unusually large.
The compounds which prompted this study, I,CIAICL,, I5-
AlCl,, and I3AICl,, also appear to be “normal” salts as judged
by both the average and the range of vg for **Clin the
anion,' although the 1.32-MHz range for the last suggests a
wider variety of chlorine environments and therewith per-
haps some deviation from this classification.

Still stronger coordination of anion chlorine to a second
center and the concomitant elongation of that aluminum-
chlorine bond is well illustrated by the structures of the
compounds Co(AlCl ), , Hgs(AICL),, and Te, (AL Cl,),,
and all three show unusual arrays of nqr transitions. A work-
ing hypothesis for the effects of strong interactions of this
sort is as follows: (1) polarization of and partial removal
of negative charge from the entire anion by the electrophilic
partner would appear to cause a general up-frequency shift
of the resonance family; (2) an appreciable bridging role
for some chlorine atoms causes their transitions to shift to
relatively lower frequencies. The first is a rationalization
for the observations (Table I) as well as for AlBr,™ 2% ys.
Al,Brg!? whereas precedent for the latter is already available.

Studies of M, X, compounds for both aluminum and gal-
lium (save of course for the unknown dimer Al,Cly(s)) cleat-
ly indicate that the bridging halogens, with bond elongations
of 4-11% and angles at the bridging halogen in the neighbor-
hood of 90°, exhibit nqr transitions which are at 75-85% of
the frequencies shown by the terminal halogens,”*® (This
is in contrast to the dimers of heavy transition metal halides
where the larger effects of 7 bonding to terminal atoms leave
the bridging atoms at higher frequencies.?®) The same ap-

(18) 1. D. Corbett, Inorg. Chem., 7, 198 (1968).

(19) R. K. McMullan and J. D. Corbett, J, Amer, Chem. Soc., 80,
4761 (1958).

(20) D. J. Prince and J. D. Corbett, unpublished data.

(21) H. J. Bjerrum, C. R. Boston, and G. P. Smith, Inorg. Chem.,
6,1162 (1967).

(22) F. J. Brinkmann and H. Gerding, Inorg. Nucl. Chem. Lett.,
7,667 (1971).

(23) G. Garton and H. M. Powell, J. Inorg. Nucl, Chem., 4, 84
(1957).

(24) Data for "’Br in NaAlBr, at room temperature are (£20
kHz) 87.44,90.99, and a very distorted resonance centered at 96.96
MHz which is presumed to be a doublet.

(25) P. A. Edwards and R. E. McCarley, Inorg. Chem., 12,900
(1973), and references therein.
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pears true for the dimers of the less polar RAICI,,2¢ where
the presumed transitions of the bridging chlorine atoms oc-
cur at 91.5-92.5% of the values for the terminal atoms.

In general a relative downward shift of the transition fre-
quency for a chlorine atom in AlCl,~ which acts in a bridging
role and forms a second o bond can be rationalized in terms
of a reduction of the net electric field gradient at that chlo-
rine associated with lengthening of the aluminum-chlorine
bond plus the cancelation of components of the field grad-
ients accompanying the formation of a second, albeit weak,
bond by that chlorine. The asymmetry parameter 7 for
the bridging atom, nonzero values for which are reflected in
a slow increase in the observed frequency according to (1 +
n%/3)!'?, should have only a relatively small effect with the
asymmetric bridging (small Al-Cl bond lengthening) associ-
ated with all examples save probably with Al,Cl,”. There-
fore, the lowest vg values are tentatively attributed to the
bridging chlorine atoms from AICl,™ anions, consistent
with the “high-low” pattern seen with Te,(AlCl,),, ICI,-
(AICL), I,CI(AICL,), and Co(AlCl,),.

In the structure!® of Co(AICl,), two chlorine atoms in
each anjon participate in relatively strong bridging to a single
cobalt, with 87° angles at the chlorine and the Al-Cl bond
elongated by 0.06-0.08 A (Table [I). Following earlier dis-
cussion, these atoms presumably give rise to the lowest two
resonance frequencies. A third chlorine in each anion
bridges more weakly to another cobalt to form chains, with
a bond lengthening of about 0.03 A relative to the normal
distance and a bridging angle of 127°. The combined in-
ductive effect of the three bridging chlorine atoms causes
the fourth terminal chlorine to have a somewhat shortened
aluminum-chlorine bond, and this atom is likely responsible
for the highest transition at 12.96 MHz. The ratio of the
average of the lower two frequencies to that of the higher
pair is 0.86, very close to that which may be extrapolated
from v(bridging)/v(terminal) in known M, X, species with
similar halogen-bonding arrangements.

The different types of chlorine atoms in Co(AlCl,), can-
not be distinguished according to the temperature dependen-
cies of their nqr transitions, each showing a negative depend-
ence of about 1% per 100°. Interestingly, the intensity of
the 12.491-MHz transition is enhanced appreciably by cool-
ing whereas the other three diminish so that they cannot be
observed below about —60°.

The cobalt in Co(AICL,), achieves a sixfold coordination
that is fairly regular in Co-Cl distances but substantially dis-
torted in angles. Judging from its electron spectrum Co2*
maintains remarkably specific and well-defined coordination
polyhedra in chloroaluminate melts2” The distorted octa-
hedral species observed in molten KAICl; containing ~5-
25% excess AlCl; may be most related spectroscopically to
the solid tetrachloroaluminate. Aluminum-chlorine dis-
tances found in the isostructural Ti(AlCl,), % are within
the uncertainties of the known cobalt structure but have
less than 0.01 A distinguishing between the two types of
bridging chlorines, while the terminal chlorine is only 2.079
A fromaluminum. The strength of the coordination is
demonstrated by the formation of melt polymers which
have the same spectrum as Ti(AlCl;),(s).*

The general increase in the **Cl resonance frequencies and

(26) M. J. Dewar, D. B. Patterson, and W. K. Simpson, J, Amer.
Chem. Soc., 93,1030 (1971).

(27) H. A. Oye and D. M. Gruen, Inorg. Chem., 4, 1173 (1965).

(28) J. Brynestad and G. P. Smith, private communication, 1973.

(29) J. Brynestad, S. von Winbush, H. L. Yakel, and G. P. Smith,
Inorg. Nucl. Chem. Lett., 6, 889 (1970).



Chloroaluminate Compounds

particularly in the range observed with Hg3(AICl,), befit
this remarkable structure. As with Co(AlCL,),, the strongly
bridging atoms are presumed to give rise to lower frequencies;
an opening of the bridge angle to ~104° has probably result-
ed in some up-frequency shift relative to that predicted by
distance alone. The spectrum is not without its complica-
tions; the highest pair of resonances is very weak and could
just be verified by wide-line techniques on a well-annealed
sample. The compound’s spectrum actually results from the
overlap of transitions for two rather different AICl, tetra-
hedra which differ by 0.045 A in the shortest Hg-Cl ap-
proach, by 0.006 (2) A in average Al-Cl distance, and by
almost 2° in maximum angular distortions, the shortest Hg-
Cl approach accompanying the larger Al-Cl average and the
greater distortion. Specific assignments do not seem at all
feasible.

The compound Te4(Al,Cl,), is related in the sense that
the anion represents the extreme in Cl3Al-Cl- - -M inter-
actions when M is the AICl; monomer rather than a cation.
Interestingly, the range of d(Al-Cl) in Al,Cl;" is closely
comparable to that in Al,Cls(g)* with the distances uni-
formly about 0.03 A larger in AL,Cl,".

The obvious effect of diminished charge per chlorine in
Al,Cl,” relative to AICl,~ is a greater covalency (shorter
Al-Cl distances) and a general shift of the transitions to
higher frequencies (Figure 1). The effect of the weak bridg-
ing to Te,?* is presumably small [compare Te4(AICL,),].
Although no particular assignments seem obvious, the chio-
rine bridging within the ion is presumably responsible for
one of the lower frequency transitions.3® The resonances
at about 10.96 and 11.98 MHz are the strongest while that
at 11.06 MHz is the weakest, about one-third as intense and
thus not obviously resolved from the 10.96-MHz neighbor
on the Wilks instrument. The pair near 11.37 MHz would
of course not have been deduced without the wide-line capa-
bilities. The temperature dependencies of the chlorine

(30) K. J. Palmer and N. Elliott, J. Amer. Chem. Soc., 60, 1852
(19:?3;)1.) Interestingly, the 27 Al nmr spectrum for Al,Cl,” herein
shows a single +'/, = —!/, transition with no satellites. The coupling
constant calculated from the line width has an upper limit of 1.6
MHz—compare 25.5 and 13.86 MHz for EtAlICl, and Al,Br,.?* The
intraionic distortions and second neighbor chlorine atoms at ~3.7 A
in this structure’® evidently do an effective job of reducing the field

gradient at aluminum in spite of the approximately trigonal distortion
of the tetrahedral geometry about aluminum.
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transitions reveal nothing unique, ranging between ~1.0 and
~2.0% per 100° with v, and v, showing the smallest change.

The data for SC13(AICL,) included in Table I for complete-
ness* are a little surprising in the frequency of the lowest
(9.91 MHz) transition. However, the lack of a crystal struc-
ture determination precludes further interpretation. The
spectral data would be incomplete, however, should the
compound be isostructural with SeCl;(AICL,) since the lat-
ter solid contains two independent anions.®® Difficulties in
assigning the observed Raman data to a simple SeCl;* ion3
are in line with the structural complexities found in the lat-
ter.

Among the original objectives of this study, the means by
which simple tetrachloroaluminate salts could be diagnosed
have been met. In general, the observation of one, two,
four, or some multiple of four resonances with a range of
about 1 MHz and an average of 10.6-11.3 MHz would be
considered sufficient to judge the compound as reasonably
saltlike, particularly if strong transitions gave some assurance
that the data were complete. Observations of other numbers
of resonances would probably mean the data set was incom-
plete, thereby allowing only less certain conclusions. Con-
versely, the observation of data at higher frequencies,
especially with a wider range, would appear to implicate
clearly either Al,Cl;™ (Al;Cly47, etc.) anions or AICL,~
groups which are strongly bound to the cations. More well-
determined chloroaluminate structures will obviously be
necessary to explore many and more subtle factors that give
rise to differences within these rather wide “normal” ranges.
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