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Raman microscopy study of basic
aluminum sulfate
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The tridecameric aluminum polymer [AIO4Al12(0OH)24(H20)4.]1’+ was prepared by forced
hydrolysis of AI** up to an OH/AI molar ratio of 2.2. Upon addition of sulfate the tridecamer
crystallised as the monoclinic basic aluminum sulfate Nag 1[AlO;Al12(OH)24(H20)121(SO4)3 55.
These crystals have been studied using FT-Raman microscopy and compared to the basic
aluminum nitrate, Na;SO,-xH,0 and Al;(SO4)3-xH,0. The Raman spectrum of basic
aluminum sulfate is dominated by two broad bands which are assigned to the v, and v3
bands at 981 and 1051 cm~" of the sulfate group in the Aly; sulfate structure. Furthermore
the band at 724 cm~" is assigned to an Al-O mode of the polymerised Al-O-Al bonds in the
Al;3 Keggin structure. The sharp band at 1066 cm~" and the minor band at 1384 cm~" are
interpreted to be due to a small amount of nitrate impurity on a different position in the
structure than the nitrate present in the Alq3 nitrate crystal structure, based on the shift in
band position of both the vy symmetric stretching and v; asymmetric stretching modes.
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1. Introduction Resonance spectroscopy showed that the tridecameric
Forced hydrolysis of Att solutions by the addition units were still present in the crystal structure.
of a base like sodium carbonate or sodium hydrox- Kloproggeet al.[14] and Teagardest al. [9] have
ide or homogeneous hydrolysis by the decomposibriefly described the infrared spectrum of basic alu-
tion of urea is known to result in the formation of minum sulfate. The spectrum of basic aluminum sul-
large aluminum (oxo)hydroxide complexes. One offate is dominated by two strong water peaks at 3247
these complexes is the tridecameric complex oAl and 1640 cm?, a strong Al-OH stretching band at
[AIO 4Al 15(OH)24(H20)12] ™+ [1-3]. This tridecamer 3440 cnt! and sulfate bands at 1135, 980, 715, 610,
can be visualised as a central tetrahedral AKDr- 566, and 450 cmt. Kloproggeet al.[14] also observed
rounded by 12 Al(OH)(H,0), octahedrals in the form some minor peaks of incorporated nitrate in the in-
of acage. Besides the use of this polymer in the prepardrared spectra of his original crystals. These bands dis-
tion of pillared clay molecular sieves and heterogeneougppeared after washing. These infrared data were re-
catalysts [4-8], it has also commercial value because afently confirmed by Infrared Emission Spectroscopy,
its antiperspirant activity and its ability to control the which also showed minor nitrate bands [16].
viscosity of kaolinite [9]. To date there is only one brief report on the Raman

Johansson and coworkers [10-13] described the prespectroscopy of basic aluminum sulfate [17]. The
cipitation of two different basic aluminum sulfates objective of this research is to extensively reportthe FT-
both containing the tridecameric aluminum building Raman spectrum of basic aluminum sulfate and to com-
unit linked by hydrogen bonding to the oxygen atomspare them to basic aluminum nitrate, hydrated sodium-
of the sulfate groups. The sodium containing alu-and aluminum sulfate in order to get more insightin the
minum sulfate crystallised in the cubic system whereastructure of this complex aluminum salt.
the sodium-free sulfate crystallised in the monoclinic
system.

In a more recent paper Kloprogegeal.[14, 15] de- 2. Experimental
scribed the precipitation of monoclinic basic aluminum2.1. Basic aluminum sulfate and nitrate
sulfate with a small amount of sodium and a trace ofThe synthesis and characterisation of the monoclinic
nitrate. Based on their chemical analyses by ICP-AESasic aluminum sulfate used in this study has been
they reported a chemical composition per unit cell ofextensively described by Kloprogg al. [2, 14-17].
Nag 1[AIO 4Al 12(OH)24(H20)15](SOs)355:9H. 0. 27Al The tridecameric aluminum polymer was obtained by
Solid-state Magic-Angle Spinning Nuclear Magnetic forced hydrolysis of a 0.5M aluminum nitrate solution
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with a 0.5M sodium hydroxide solution until an OH/AI
molar ratio of 2.2 was reached. Next, the basic alu v, SO,
minum sulfate was precipitated by the addition of the
appropriate amount of 0.5M sodium sulfate and age
for 42 days before removal from the solution. Crystals
collected from the wall of the container were shown tc
be phase pure. The basic aluminum nitrate was prepar:
from the same hydrolysed aluminum solution followed
by very slow evaporation of the excess water at roon v4 80,
temperature. triplet
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2.2. Raman microprobe spectroscopy

Small amounts of the basic aluminum sulfate were
placed on a polished metal surface on the stage of ¢ © 1 J o stretch
Olympus BHSM microscope, which is equipped with + A
10x, 20x, and 50« objectives. No sample prepara- A0 V3 SOM vs NOs

Relative Intensity

tion was needed. The microscope is part of a Renisha (b) Y owviso, :::Zt':‘h
1000 Raman microscope system, which also include A A,
a monochromator, a filter system and a CCD. Rama
spectra were excited by a Spectra-Physics model 12 v; 80, —

He-Ne laser (633 nm) at a resolution of 2 chin the @

range between 500 and 1500 thnRepeated acquisi- . - . .
tion using the highest magnification were accumulate:  spo 700 900 1100 1300
to improve the signal to noise ratio in the spectra. Spec
tra were calibrated using the 520.5 thiine of a sili-
con wafer. Spectral manipulation such as baseline adkgyre 1 Raman spectra of (a) AISQs)s-xH20, (b) Al sulfate,
justment, smoothing and normalisation were performedc) Al nitrate and (d) NgSOy-xH20 in the region 5001400 cm.
using the Spectracalc software package GRAMS

(Galactic Industries Corporation, NH, USA). Band Kloproggeet al. [14, 16] have shown that the ba-
component analysis was undertaken using the Jandgjc ajuminum sulfate contains a small amount of ni-
‘Peakfit’ software package which enabled the type ofirate still present from the initial hydrolysis of the alu-
fitting function to be selected and allows specific pa-minum solution. Nitrate in crystal structure is known
rameters to be fixed or varied accordingly. Band fittingy give strong sharp bands even when present in minor
was done using a Lorentz-Gauss cross-product functiogmounts. Therefore the sharp band at 1066 cas
with the minimum number of component bands usedyssigned to the; of the symmetric stretch of nitrate.
for the fitting process. The Gauss-Lorentz ratio wascompared to the basic aluminum nitrate this band has
maintained at values greater than 0.7 and fitting was Unshifted from 1049 cm? in the basic aluminum nitrate
dertaken until reproducible results were obtained withyg 1066 cn! in the basic aluminum sulfate containing
squared correlations of greater than 0.995. traces of nitrate. This indicates that the nitrate is not
incorporated in the crystal structure on the sulfate po-
sition, but is expected to be present as an impurity. The
3. Results and discussion small band at 1384 cri is assigned to the asymmetric
Fig. 1b depicts the Raman spectrum of the basic alu-
minum sulfate. This spectrum is characterised by tWOTABLE | Band component analysis of the basic aluminum sulfate
broad bandls at 981 and 1051 T.ﬂ.{mnd a sharp band aman spectruminthe%50—1050?:¥megionin comparisonto hydrated
at 1066 cm~. Based on the position and broadness 0f,gium and hydrated aluminum sulfate
the 981 cn! band compared to a similar band in the
Al2(SOy)3-xH,0 and NaSOy-xH,O spectra (Fig. 1a 3 - Band
and d respectively), this band is assigned toithef Band position Bandwidth intensity Suggested

-1
Wavenumber/cm

the SQ group in the basic aluminum sulfate group. >o° em® (em™ (%)  assignment
Based on the broadness of the band at 1051*dimis Al sulfate 981 17 265 1150,
band is also assigned to the sulfate group in the basic 1004 40 141 Notknown
aluminum sulfate. Comparison with the }&0,-xH,0 1051 15 36.8 13S0y
spectrum leads to the conclusion that this must be the 1066 4 22.6 “1’;‘t?§t;3]’m'
single vz band instead of the triplet observed in other

sulfates like sodium or barium sulfate [18, 19]. This Al2(SQ:)sxH20 991 10 1000 viSOy
means that the sulfate group has lost its degeneracy an@,so, xH,0 992 5 79.6  11SO

has become less distorted as can be expected from the 1101 6 10.0

crystal structure where the sulfate groups are in a rel- 1131 5 2.2 v3SOy
atively open environment with little or no influence of 1152 . o1 triplet

cations in the direct neighbourhood [12].
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Figure 2 Band component analysis of the basic aluminum sulfate in the 950—110bregion.

stretching mode of the nitrate comparable to the doubleindy; bands at 981 and 1051 crhof the sulfate group
band in the Af3 nitrate spectrum. At this moment there jn the Al 5 sulfate structure. Furthermore the band at
is no explanation for the occurrence of a double band724 cnt? is assigned to an Al-O mode of the poly-
in the Aly3 nitrate spectrum, but it may indicate two merised A{3 Keggin structure. The sharp band at 1066
inequivalent sites in the crystal structure. This assumpand the minor band at 1384 cthare interpreted to be
tion requires further detailed_ research on the crystajue to a small amount of nitrate impurity on a differ-
structure and the accompanying spectral phenomenaent position in the structure than the nitrate present in
Band component analysis of this spectrum in the rethe Al nitrate crystal structure, based on the shift in

gion between 950 and 1100 ci(Fig. 2, Table ) reveal  pand position of both the, symmetric stretching and
a third broad band at 1004 cthwith a bandwidth of v3 asymmetric stretching modes.
40 cnmt. The two sulfate bands at 981 and 1051 ¢m
have bandwidths of 17 and 16 ctrespectively. The
nitrate band at 1066 cn has a bandwidth of 4 cm.
The band intensities of the two sulfate bamgévs rep-
resent a ratio of 0.72, which is much lower than the
ratiovs/vs (triplet) of approximately 4 for the hydrated
sodium sulfate. The bandwidth of tivg of the sulfate
group in the basic aluminum sulfate is approximately
17 cntt, which is broader than those of the hydrated
sodium sulfate (4 cm') and hydrated aluminum sulfate
(10 cnTl).
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