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Abstract

Sodium hexa#uorosilicate (SFS) crystals were synthesized by precipitation by the reaction of hydro#uorosilicic acid
and sodium carbonate at a pH of 2.5 and 3.5 and a magnetic "eld of 5.5T was applied immediately after precipitation for
45min at 203C. SEM, XRD and FTIR spectroscope examined the crystals produced with and without a magnetic
"eld. ( 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The purpose of this communication is to report
on the pronounced e!ect of magnetic "eld during
the preparation of SFS. The objective is to use SFS
as an analogue of ice crystal (snow #akes) for light
scattering measurements for climate modeling.
Physicists have long recognized the remarkable
beauty of snow crystals with simple geometrical
shapes and intricate forms. They appear in a wide
variety of shapes and forms that fall into four main
classes: thin hexagonal plates, hexagonal columns
six pointed star combinations and hexagonal

needles. Their nature, origin and mode of action are
of considerable importance in cloud physics and
are matters of debate in climate modeling. Snow
crystals have a refractive index of 1.31 in air at 203C
and it is di$cult to reproduce them in the labora-
tory and equally di$cult to carry out light scatter-
ing experiments in the laboratory. Therefore, it was
decided to use an ice analogue. After considerable
amount of screening of various crystallographic
data base and refractive index of inorganic crystals
one inorganic compound was identi"ed to have
a hexagonal shape and refractive index of 1.31 in air
at 203C and a very low birefringence (generally all
hexagonal crystals have extremely low birefrin-
gence). The preparation of SFS was primitive and
described in only one reference [1] and crystals
produced are of di!erent shapes. Hydrolysis of SFS
in aqueous solution depends heavily on pH and
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Table 1
Synthesis condition

Sample pH Magnetized (M)/unmagnetized (UM) Temperature3C of preparation/shape of crystal

1 2.5 UM 20 Surface blemish hexagonal, some odd
2 3.3 UM 20 Surface blemish hexagonal, some odd
3 3.3 M 20 Clearly hexagonal without surface blemish
4 3.3! UM 20 With blemish
5 3.3! M 20 Clearly hexagonal

!EDTA, NaOH and triethanolamine combination.

temperature. SFS decomposes to give sodium #u-
oride and silica. The hydrolysis can be written as

SiF
6
#2H

2
OPSiO

2
#6F~#4H`.

In the presence of sodium carbonate the following
reaction takes place:

Na
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Therefore, we prepared this in an acidic medium to
avoid decomposition at the time of preparation.
We did not carry out preparation at each pH level
and by product analysis as it is beyond the scope
our investigation. We have mentioned this only for
the sake of readers who are unfamiliar with
#uorosilicate preparation and wondering why
a low pH was selected for our work. Given the
tremendous emerging interest by climate modelers
to study light scattering by ice crystals, we believe
that developing an SFS crystal for such a system is
an imperative step toward furthering this area and
help climate physicist with a suitable product for
light scattering measurements.

In this report we have examined the application
of a magnetic "eld to prepare well-shaped crystals
without defects. Some interesting phenomena re-
lated to magnetic "eld have been reported in bio-
logy and biophysics and in some chemical prepara-
tion. [2}5]. Mitrovic prepared manganese chloride
and Rochelle salt by using a magnetic "eld. Manga-
nese chloride is a paramagnetic compound and
Rochelle salt is a salt of an organic acid with a com-
plex structure [6,7]. There are other reports where
an inorganic chemical such as barium chloride was
prepared using a high magnetic "eld [8]. We exam-
ined what happens immediately after precipitation

of SFS when a high magnetic "eld is applied and
examined the crystal shape, physical properties and
compared the properties with a preparation with-
out a "eld. A di!erent route of synthesis was also
followed other than in Ref. [1] to see whether we
can produce a well shaped crystal without a mag-
netic "eld.

2. Experimental procedure

Experimental technique/set-up: (1) An NMR
magnet of 5.5 T was used. The crystals were grown
after precipitation and exposed to magnetic "eld.
The crystal growth could not be observed with the
sample inside the magnet, and the "eld could not be
varied. This is our "rst paper and we hope to set up
an electromagnet to vary the "eld "tted with an
optical microscope to observe the changes with
temperature during magnetization and crystal
formation. (2) SFS crystals were prepared in distil-
led water and washed in distilled water throughout
the experiments. Alternative preparations were
made without a magnetic "eld using a mixture of
sodium carbonate, triethanolamine and EDTA.
The results are shown in Table 1 including the
preparations using an applied magnetic "eld. The
experiments were repeated "ve times. In all cases
we obtained concordant results.

3. Procedure, materials and preparation

SFS was prepared by the gradual addition of
a saturated solution of sodium carbonate (AR)
grade to 200 ml of 20% hydrofuorosilici acid AR
grade ARCO Inc, NJ, USA at 203C, till the slurry
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Fig. 2. SEM micrograph of sample No. 2 (pH 3.5).

Fig. 1. SEM micrograph of sample No. 1 (pH 2.5).

pH was 2.5. The SFS formed was "ltered washed
with water and dried at 1103C for 1 h in an oven
and marked as sample number 1(no. 1). 0.5 g of this
sample was poured into 200ml of distilled water
and this slurry showed a pH of 3.3. This was evap-
orated in a water bath and volume reduced to
100ml (i.e. hydrolyzed). This sample was "ltered
and marked as A. The "ltrate was evaporated and
dried and marked as B.

In another set of experiments a sample was pre-
pared and aged for 24 h at 203C at a pH of 3.3,
washed with water several times, dried in an oven
at 1103C for 1 h (named as no. 2, blank). In another
preparation a sample was prepared at a pH of 3.3
and immediately after precipitation was magnet-
ized in an electromagnet designed for NMR analy-
sis (5.5 T) for 45 min at 203C and removed. The
crystals were prepared as no. 2 and the sample
marked as no. 3. A new chemical route other than
no. 1 reference was followed; here the procedure
was like no. 2 preparation except a 5% solution of
NaOH (instead of sodium carbonate) was added
with 10 ml of triethanolamine and 10ml of 0.2M
EDTA till the pH was 3.3 and similar procedure to
no. 2 was followed and crystals collected after dry-
ing were marked as no. 4. The reason for doing this
is to see whether we get a better crystalline shape or
some improvement in morphology without ap-
plying a magnetic "eld. A "fth sample was prepared
similar to sample 4, but magnetized like no. 3 and
marked as sample no. 5.

Throughout the precipitation of all the samples
mentioned above, the pH was constant (monitored
with a Philips pH meter). We noticed that long
standing of a blank (similar to sample no. 2) result-
ed in extremely coarse, non-hexagonal large crys-
tals of 50}100lm unsuitable for light scattering
studies. The preferred size range is between 1 and
10lm crystals similar to snow #akes.

By the pH stated here during the preparation as
2.5 and 3.3 we mean the mother liquor contained
an excess acid corresponding to the stoichiometric
composition of SFS. The hydrolysis experiment
also shows that we are keen to demonstrate sam-
ples we prepared containing neither free NaF nor
SiO

2
. This we have discussed under physical char-

acterization. Each one of the samples was subjected
to extensive SEM, XRD and FTIR analysis.

3.1. Scanning electron microscopy analysis (SEM)

A Cam Scan CS 44 was used for SEM examina-
tion. Micrograph of nos. 1, 2, and 4 sample showed
no clear hexagonal-shaped crystals, some surface
blemished hexagonal some odd-shaped lumps were
obtained. However number 4 and 5 showed hexag-
onal crystals without any surface blemish and
range from 1 to 10 lm in size (Figs. 1}5). The largest
crystal looked like the smallest crystal as seen in
Fig. 3. A number of samples were magnetized and
they all have similar characteristics.

3.2. X-Ray diwraction analysis (XRD)

A Philips powder PW 1650/25 was used for XRD
studies using Cu K

a
, and Ni "lter arrangement. XRD
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Fig. 3. SEM micrograph of sample No. 3 (pH 3.5 magnetized).

Fig. 4. SEM micrograph of sample No. 4 (EDTA method).

Fig. 5. SEM micrograph of sample No. 5 (EDTA method mag-
netized).

analysis was performed in all the samples. XRD
analysis was also conducted on sodium #uoride
and analar sodium hexa#uorosilicate (ARCO). To
verify the presence of sodium #uoride in the lab-
prepared samples, various blends were prepared
with SF : SFS analar in the ratios of 10 : 90, 20 : 80,
30 : 70, 40 : 60, 50 : 50. Di!ractograms were obtained
on the blended samples and the two were compared
to see any contamination of #uoride. There was no
evidence of #uoride in lab prepared samples or
commercial sample. SFS's ASTM 2h3 values are 20,
21, 26.7, 29.5, 39.5 and 50.8, for NaF 38.5 and 56.0.
The peak intensities are the same in all samples.
There were no signi"cant peaks for sodium #uor-
ide. The most intense peak was 7% higher in the
magnetized sample showing that the magnetized

sample is more crystalline than the unmagnetized
lab and ARCO analar sample. It is also probable
the peak intensity also may be due to the presence
of some large crystals in the sample.

3.3. Fourier transform infra red analysis (FTIR)

FTIR analysis was carried out using a FTIR
Galaxy 5000 instrument on magnetized and un-
magnetized sample to see the presence of silica
contamination in the samples. The samples were
taken by the KBr method. The peak intensities are
essentially unchanged. For the magnetized sample
the peak intensities and wave numbers are similar
to unmagnetized sample. There was no trace of
silica in the spectrum. XRD is unlikely to show
small traces of amorphous silica hence FTIR analy-
sis on silica was conducted.

3.4. Fluoride analysis using a Fluoride electrode

A pH meter 610A, WPA Ltd, Lenton, Cam-
bridge, was used for #uoride analysis. The analysis
was carried out in our laboratory prepared sam-
ples, commercial Analar SFS sample, in blank and
hydrolyzed samples. The indicator electrode is
a #uoride-coated electrode cell; the reference elec-
trode is a calomel electrode. The #uoride electrode
measure the potential di!erence in a sample disper-
sed in water. The indicator electrode responds to an
ion in solution by a change in potential as mea-
sured against the reference electrode. The indicator
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electrode is the key component in this method of
measurement to measure #uoride ion concentra-
tion. Before taking measurement the instrument
was calibrated with a standard #uoride solution.
The instrument is capable of measuring extremely
low concentration of #uoride ion (i.e. 10 ppm). The
method consists of dispersing 2 g of the sample in
100ml distilled water and 10ml of bu!er (this is
a mixed solution of NaOH 0.2M solution, acetic
acid (0.22M), NaCl 1M, CDTA (2 g/l), NaOCl
20 g/2 l H

2
O, pH adjusted with dil HCl and dil

NaoH to a pH 5.5) and the potential di!erence is
noticed for the magnetized, unmagnetized, com-
mercial, blank and A, B samples. The potential
di!erence was the same in all our samples indicat-
ing the absence of #uoride ion, in samples A and B,
i.e. the absence of #uoride after hydrolysis. The
experiments were repeated several times to test the
magnetic memory.

4. Results and discussion

We have prepared SFS with and without a mag-
netic "eld; the magnetizing treatment of crystals in
acid medium proved to be a better candidate than
one treated without a magnetic "eld. Magnetic "eld
application improves the crystallinity of the crys-
tals as shown by morphology data. There was no
#uoride or silica contamination in the prepared
samples. Fluoride analysis has con"rmed the ab-
sence of #uoride in unhydrolyzed and hydrolyzed
samples. IR spectrum showed the absence of silica
in the samples.

The actual mechanism by which a magnetic "eld
a!ects the crystal growth is not well known, ac-
cording to Mitrovic who carried out synthesis of
manganese chloride and rochelle salt (a weak salt of
an organic acid with a complicated structure like
SFS/hydro#urosilicic acid,) the ions of the salt
which exists in solution would be subjected to con-
siderable Lorentz force as they pass through the
magnetic "eld. This may retard the growth by dis-
rupting the regularity of the lattice. `The presence
of magnetic "eld during crystal growth increases
strain and correspondingly decreases the crystal
growth. On the other hand, the increase in crystal
growth may be explained by the fact that strain

built up during growth reaches some critical level
after which it is released by dislocation formationa
[6]. `Such a dislocation would play the role of
a new sources of growth layers, and therefore the
growth would increasea [6}11]. According to
Ohagaki et al. who investigated barium chloride, `a
change of strain due to magnetic "eld application
during crystal growth change the energy of the
bond, which in turn changes the liquid solid con"g-
uration at the interface. The radius of the nuclei
also changes and in turn entail a new crystal forma-
tion and distribution due to the applied "elda [8].

The Lorentz force or the "eld is the one, `where
in each atom is considered as a magnetic dipole
produces an external "eld and the sum of all the
dipoles at a particular point would be a "eld from
left to right tending to increase the alignment of the
moment of the atom placed at that point, this
Lorentz "eld is due to the north and south poles
produced on the atom on the sides of that point.
This force is also based on the ion's moving electric
charge and a force acts it on when it is in a magnetic
"eld, the electrons will be deviated by an amount
and in direction determined by the magnitude and
direction of the magnetic "eld. It is possible that
electrons with in a dual "eld environment experi-
ence the Lorentz force to its own electrical charge
and electric "eld force associated with ita. It is also
possible that magnetic "elds prolong the electron
residence time and this may leads to the probability
of ion collisions and thus increased crystallization.
This approach of Lorentz force and the use of
a magnetron magnet applying a magnetic "eld dur-
ing "lm formation is fully utilized in the thin "lm
physics area for obtaining good density, separated
crystals, clear crystal formation in single layer,
multi-layer thin "lms [10]. However, in solution
crystallization whether this Lorentz force is applic-
able during crystallization is unclear and this force
will be very low. Other forces are strong enough to
have any in#uence is uncertain. Mitrovic has how-
ever suggested a dominant two-dimensional nu-
cleation when magnetic "eld is applied, and this
may be a possibility, then Lorentz forces are unlike-
ly to have any in#uence [6,11]. To date, there are
no convincing literature references on magnetic
e!ects in solution crystallization, but as mentioned
previously, a number of new crystals have been
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produced using a high magnetic "eld [8]. Accord-
ing to a recent paper by Madsen magnetic "eld
increases crystallization, he claims it is a proton
transfer from weak acids to water and orientation
of proton spin [12]. However, he used a small
magnetic "eld (0.27T) and the orientation e!ect
would be very small and this explanation is also
puzzling. We consider and propose that orientation
of large molecules (similar to needle-like viruses)
by large magnetic "elds, where the orientation is
the result of the diamagnetic movement of these
molecules.

5. Conclusion

We synthesized SFS in acid medium with and
without a magnetic "eld. The application of a large
magnetic "eld o!ered a better morphology than
one without a "eld application. There is no evid-
ence of silica or #uoride in our samples. Magnetiz-
ing the samples at 5.5 T for 45min at room
temperature produced almost uniform hexagonal
crystals. We hope to use this technique for other
crystal preparation both organic and inorganic for
various applications.
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