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ABSTRACT

Infrared spectroscopic features of 1:12 and 1:11
heteropoly tungstates were studied using FT - IR. 1Internal
coordinate analysis revealed that 297 coordinates are
required for the 1:12 heteropoly anions, and 303 for the
1:11 anions.

The spectra of compounds of these two families were
identified and characterized wusing ’fingerprint’ and
computerized search methods. For the computer searches,
four spectral libraries were created for the four different
dispersive media, KBr, KC1, Nujol and CCls. Major bands
were assigned to specific localized vibrations.

An absorbance study was performed with selected
compounds using a new weighing scheme. The accuracy of
this scheme was matched with the wusual technique for
tripalmitin in CCls solution and was found to be simpler
and more advantageous. An  unusual absorbance vs
concentration behavior was observed. This phenomenon is
interpreted in terms of different vibrational nature of the
anions at different concentration ranges. The absorbance
study also indicated that for a given heteropoly compound
in non-polar solvents, the absorption proportionality
constant 1is also a function of concentration. Some
uncertainties were observed about the stability of these
compounds in the solutions with respect to time and

temperature.
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1.1. INSTRUMENTATION AND THEORY OF FT-IR SPECTROMETRY:

In this section instrumentation and theory of Fourier
Transform Infrared (FT-IR) spectrometry including the
theoretical and mathematical principles of FT-IR will be
discussed. A paper by Lowenstein [7] is the best source of
information to get a brief historical development of the
field of FT-IR spectrometry. And, for brief details in
general, two papers by Backer and Farrar and Griffith [2,
3] are the best sources. Subheadings which come under this
class are: operating principle of the Michelson
interferometer, advantages and disadvantages of FT-IR
spectrometry and processes performed by FT-IR to produce a
spectrum.

1.1.1. Operating Principle of the Michelson Interferometer:

The operating principal of FT-IR is based on the
Michelison interferometer [4 - 6]. Basically, the Michelson
interferometer is a device which divides a beam of
radiation into two beams and then recombines the two beams
after 1introducing a path difference between them. This
path difference is responsiblie for producing the
interference pattern. This path difference is also a
measure of 1intensity variation of the beam emerging from
the interferometer. The variation in the intensity of the
beam passing to the detector and returning to the source
gives the spectral information in the FT-IR.

In its simplest form, the Michelson interferometer
1



consists of two mutually perpendicular mirrors, one of
which can travel in a direction perpendicular to its plane.
The velocity of this mirror is controlled by a reference
signal incident upon a detector which is8 produced by
modulation of the beam from the helium-neon Jlaser of
frequency 632.8 nm [7]. The plane of these two mirrors is
bisected by a beamsplitter. An ideal beamsplitter has zero
absorption and 50% reflectance and transmittance each. If a
collimated beam of monochromatic radiation of wavelength,
L, 1is passed onto an 1ideal beamsplitter, 50% of the
incident radiation will be reflected to one of the mirrors
and 50% will be transmitted to the other mirror. After
reflection from these two mirrors, the two beams return to
the beamsplitter where they recombine and interfere. Fifty
percent of the beam which was reflected from the fixed
mirror is transmitted through the beamsplitter while 50% of
the beam is reflected back in the direction of the source.
The beam which returns in the direction of the source is
known as the reflected beam and the beam which emerges from
the interferometer at 90° to the input beam is8 called the
transmitted beam. The beam which is detected by the FT-IR
is the transmitted beam. For a monochromatic source of
intensity, I(L), the intensity of transmitted beam, I’'(x),
as a function of optical path difference, x, is given as:
I'(x) = 0.5 I(L) + I(x)

where I(x) = 0.5 I(v') *x cos[44xv’/7].
2



The intensity, I(x), is characterized as modulated
component of transmitted beam and is known as the

interferogram. Here, v stands for wavenumber
corresponding to wavelength, L. The cosine Fourier
transform I(v’), of I(x) is given as:
I(v') = Lg+w1(x) *x cos[44xv'/7] dx.
oo

If instead of a monochromatic source, a
polychromatic source is used, then the interferogram is the
sum of individual interferograms due to each wavenumber.
In the form of Fourier transform, I(x) is then given as:

I(x) = 0. 5‘gI(v ) x cos[44v’x/7] dv’.
1.1.2. Advantages and Disadvantages:

Some advantages and disadvantages of FT-IR
spectrometry over traditional dispersive IR spectrometry
are described in the following section [2 - 6].
1.1.2.1. Jacquinot Advantage:

The principal advantage of FT-IR spectrometry over
the dispersive IR spectrometry is that the optical
throughput of an interferometer, Ex, is greater than that
of a dispersive instrument, Ep, operating at the same
resolution. For mid-infrared FT-IR spectrometer, this
advantage, known as Jacquinot advantage, is between 1 and
2 orders of magnitude. In general, the mathematical
expression for this advantage at a given wavenumber, v’, is

given as:

Ex/Ep = 0.075 * (v'2)/v'max



where v’max is maximum wavenumber in the spectrum.
Jacquinot advantage is also a measure of radiation striking
the detector. This advantage is 1important for the
measurement of weak emissions and also for high resolution
studies.

1.1.2.2. Fellgett’s Advantage:

The other principal advantage of FT-IR instrument
i known as Fellgett’'s advantage or the multiplex
advantage. An interferometer receives information from the
entire range of a given spectrum during each scan, whereas
a dispersive grating spectrometer receives information from
only the narrow region which lies within the exit slit of
the instrument. Hence, less time 1is required to obtain the
same information with a Fourier instrument.

Mathematically, spectra taken on instruments with
equal optical throughput and efficiency at equal signal to
noise ratio, SNR, and resolution using identical sources,
will take M times less time on a Fourier spectrometer.
Here, M is the number of resolution elements and 1is given
as:

M=1[ v'max = vV’ain 1/ R
where R is the resolution of the instrument.

For measurements taken with equal data acquisition
time, the SNR taken on a Fourier spectrometer is M'/2 times
better than the SNR of the same measurement taken on a

dispersive spectrometer. For a scan of the entire mid-

4



infrared region at a resolution of 4 cm-1, the magnitude of
Fellgett’s advantage is equal to 30, and it increases with
an increase in resolution.

For a dispersive instrument, the total active time
of data acquisition, which is equal to the total time
during which the sample is being irradiated, is much less
than the total time involved in obtaining a spectrum. 1In
this case the spectrum is usually plotted as the data is
being recorded. But in an interferometer, the spectrum
cannot be plotted until all of the interferograms have been
recorded, averaged, apodized, and transformed. If only one
interferogram is to be recorded then the inefficiency of
interferometer negates the Feligett’s advantage. But, if
several interferograms are to be recorded then the Fourier
transform of previous interferograms can be averaged while
the next is being collected. This improves the efficiency
of interferometer and brings the total time closer to the
total active time of Feligett’'s advantage.
1.1.2.3. Connes’ Advantage:

Connes’ advantage is simply stated as the ability
of interferometer to very accurately characterize the
frequency. This advantage stems from the accurate
measurement of the displacement of the moving mirror.
Connes’ advantage also allows the subtraction of background
spectra.

1.1.2.4. Cooley-Tukey Algorithm Advantage:
5
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The efficiency of interferometer is improved by
the method devised by Coocley and Tukey to calculate Fourier
transforms. By this algorithm, the total number of
operations required to compute the Fourier transform is
greatly reduced. According to this method, if sufficient
zeroes are added such that the total number of data points,
D, is equal to an integral power of two, then the time
required for the calculation is reduced to (D *x log2D) [8].
1.1.2.5. Resolution Advantage:

Resolution advantage of interferogram deals with
the precision or the resolution of the band. The
resolution, R, of an 1interferometer 1is defined as the
inverse of optical path difference, x, between two arms of
the interferometer. Numerically, the expression fecr x, is
given as:

X = 2d * cosB
where, d is spatial displacement between the fixed and the
movable mirror and B is the angle that the IR light source
makes with the optical axis of the collimator. For a point
source, value of B = 0.

The resolution can be controlled by the use of an
apodizing function. Also, resolution is affected by
divergence of the beam and by instability of the mirror
motion in either speed or alignment. Both result in poorer
resolution than expected.
1.1.2.6. Detector Performance:

6
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One factor which is a definite disadvantage of an
interferometer compared to a dispersive instrument is the
performance of the detector. In the dispersive instrument,
all frequencies are modulated or chopped at a constant
frequency, whereas in interferometer this modulation
frequency is dependent on the freguency, v, of the source
radiation. This frequency is given as:

fivy = 2v’ x ¥
where V is the velocity of moving mirror and v’ is the
wavenumber corresponding to frequency, v. The FT-IR used
in present study utilizes a Deuterated Tri-Glycine Sulfate
(DTGS) pyroelectric detector. This detector has a Curie
point equal to 49°C.
1.1.2.7. Other Advantages and Disadvantages:

A large range of wavenumbers per scan is an
additional advantages of Fourier instrument over the
dispersive one. Another advantage of Fourier
interferometer is the measurement of complex reflection and
transmission coefficients by placing the sample in one of
the arm of the interferometer. This technique also helps in
the calculation of amplitude and phase angle for these
coefficients and complex indices of refraction.

FT-IR spectroscopy shows effects that may lead to
errors 1in quantitative analysis [6]. One of the effects
that is restricted to FT-IR spectrometer performance is the

stability of the interferometer. Instability of the
7



instrument may produce frequency shift in spectra which may
be due to noncoherence of coadded interferograms. This
instability may induce due to mirror velocity fluctuation
and mirror’s non alignment. Fluctuating mirror velocity
may produce a ghost peak in the spectrum. Also, mirror
tilt can reduce the resolution.

Although FT-IR is more expensive than traditional IR
instrument, it is capable of detecting radiations modulated
in excess of 1MHz. A dispersive instrument uses a
thermocouple for the same purpose and cannot detect
radiation modulated in excess of 1KHz.

1.1.3. Processes Performed by FT-IR to Produce a Spectrum:

In order to produce a spectrum, FT-IR performs the
following processes [4-6]:
1.1.3.1. Resolution:

The ultimate factor in determining the resolution
of an FT-IR spectrometer is the maximum optical retardation
or the maximum optical path difference. Basically two
criteria are used to define the resolution. One is known
as the Rayleigh criterion and the another is the full width
at half height (FWHH) criterion.

Under the Rayleigh criterion, two adjacent spectral
lines of equal intensity, each with Sinc?A as the
instrument 1ine shape, ILS, are considered to be just
resolved when the center of one 1line is at the same

frequency as the first zero value of the ILS of the other.

8



The ILS is the Fourier transform of a boxcar truncation
function which 1is introduced 1into the basic Fourier
integral equation for non-ideal interferometers to retain
the integration limits. 1In general, this function has the
form SinctA, where
SinchA = SinnA/An with n = 1 or 2,

If the same criterion is applied to a line having a SincA
as the ILS then the two 1lines will not be resolved.

According to FWHH criterion, two triangularly
shaped 1ines of equal intensity are only supposed to be
resolved if the spacing between the lines is greater than
the FWHH of either 1line.
1.1.3.2. Scanning:

Interferometers are classified according to the
scan speed of the moving mirror into three types: rapid
scan, step scan and s8low scan interferometers. The
interferometer which is useful for the mid-IR range has a
rapid scanning feature. For this type, a typical mirror
velocity is 0.168 cm/sec. The modulation frequencies at
the extremes are:

1264 Hz

f(4000)

126.4 Hz

f(400)
These two modulation frequencies are also known as Fourier
frequencies. Because these two frequencies 1lie 1in the
audio range, they can be easily amplified without the

necessity for modulating the beam with a chopper. Hence,

9



11 the radiation is allowed to hit the detector all of the

ime. Ultra-high resolution obtained by a rapid scan

“interferometer is not more than 0.01 cm-1.
' 4.1.3.3. Apodization:

Apodization is a mathematical process applied to
the interferogram. During this process, the interferogram
is multiplied by a function known as the apodizing function

which removes negative sidelobes introduced into

transformed spectra because of finite optical path
displacement [9]. The main apodization function is a
triangular function. It has a value equal to unity at zero
path difference. This value decreases monotonically until
it reaches zero near the maximum path difference. The ILS
function for this triangular function is of the form
Sinc2A. This ILS 1is basically the same function which is
used for applying the Rayleigh criterion.

When an absorbing sample is placed in the beam
from a continuous source, the measured interferogram is the
sum of the interferogram of the source with no sample
present and of the interferogram due to sample. Because
energy is being absorbed by the sample, these two
interferograms are 180° out of phase. At this stage, the
effect of apodization 1is considered important for the
background spectrum. At high retardation the background
spectrum contains negligible informations.

1.1.3.4. Phase Correction:

10



To get the actual measured interferogram, an

additional term 1is added to the phase angle, (44v’x/7).
This correction to the phase angle arises due to optical,
: electronic, and sampling effects. Theory assumes that the
interferogram is symmetrical at x = 0. But actually, the
first data is sampled at x = -pi1 before the zero optical

path difference. Thus the new phase angle is given as

[44v’ (x-p1)/7].

Electronic filters, which are designed to remove
high frequency noise from the interferogram, also have the
effect of putting a wavenumber dependent phase lag (pz) on
each cosinusoidal component of the interferogram. Thus the
resultant phase due to this correction becomes [(44v’(x-
pz2)/71].

After wusing these phase corrections and the
orthogonal properties of sine, cosine, and transcendental
exponential functions, the total computed components can be
divided into two parts. A real part due to cosine Fourier
transform and an imaginary part due to sine Fourier
transform. As the shape of ILS is intermediate between a
truncated sine wave of the cosine Fourier transform and
8inc function resulting from the cosine transform of the
truncated cosine wave, the process of removing these two
sine components from an interferogram is known as phase
correction.

1.2. HETEROPOLY COMPOUNDS:
11



.2.1. Definition of Heteropoly Compounds:

Heteropoly compounds usually are defined as the

_ ompounds containing heteropoly anions. Heteropoly anion
‘HPA(8), are the anions which contain two or more different
kinds of positive valent atoms in addition to oxygen [ 10].
Of these two or more atoms, one type of atom is known as
the central hetero atom, X. A second type of atom is known
as the peripheral hetero atom, Y. And a third type of atom
i8 known as the addendum atom, Z. In their most general
form, the anions of 12-tungsto-heteropolies can be

represented as:

with a=1
[Xa(Y[1])b2¢(12-b)O(40-b) 1®- b=0, 1or2
and e = net charge

In most of the compounds, Z is usually Mo, W, or V in its
highest oxidation state, Y may be Co or Cr or another first
row transition metal, and 1 is the terminal ligand on Y
hetero atom [73]. In the case of Co and Cr, these two
atoms may be present in either the +2 and/or +3 oxidation
states. X, the central hetero atom may be Si, P, B, 2Zn,
Ga, Ge, and dihydrogen. A total of 67 different elements
of periodic table can act as either central or peripheral
hetero atoms [77]). This variety of hetero atoms which may
also be 1in different oxidation states together with the
basically complex nature of heteropoly chemistry has lead

to a proliferation of heteropoly anions which at first

12



sight is somewhat confusing [12].

The hetero atom, X may be a non-metal of moderate
electronegativity or a metal especially transition metals.
The elements that can function as the addenda atoms, Z,
appear to be 1limited to those with both a favorable
combination of ionic radius, charge, and the ability to
form coordination bond. There is no such restriction on
hetero atoms [713].

The basic difference between the conventional
coordination compounds and heteropoly compounds can be
stated in terms of their coordination linkage and average
charge QGnsity. Size of addenda atoms, and their dpi
electron acceptor properties also make them different from
the coordination compounds [70]. For heteropoly compounds,
no discrete ligands are coordinated to the central hetero
atom; instead, the structure coordinated to the X atom is
interconnected. Al180 the dissociated fragments do not
coincide with any discrete 1ligand. Secondly, because of
the large size of these anions, the average charge density
on the surface of heteropoly anions is very low as compared
to that for more typical coordination compounds.

1.2.2. Historical Background:

The first heteropoly was discovered in 1826 when
Berzelius noted the yellow precipitate of 12-
molybdophosphate when he added ammonium molybdate solution

to phosphoric acid [771]. Analytical study of this compound
13



was done in 1848 by Svanberg and Struve who postulated the
compounds of this type as double salts. A more precise
study of composition of 12-tungstosilicate was performed by
Marignac in 1862,

In 1908, Miolati made the first systematic study to
understand the nature of heteropoly compounds. He
suggested the structure of these compounds on the basis of
ijonic theory and Werner'’s coordination theory. He also
developed a theory which was later modified by Rosenheim
and became known as the Miolati-Rosenheim theory [17].
According to this theory, heteropoly acids are based on six
coordinate hetero atoms with ZO42- or 22072- anions as
ligands or bridging groups coordinated to the central atom.
Formulae produced by this theory suggest a different
basicity than expected from the modern theory. ' However,
these formulae are still used to interpret their structure
[12].

Early structure characterization of heteropoly
compounds came in 1929 when Pauling attempted to propose a
structure for the heteropoly compound having the ratio of
number of central atoms to the addenda atoms as 1:12 [ 74].
According to Pauling’s explanation, a stable 12~
tungstosilicate heteropoly complex 1ion can be formed by
arranging 20s octahedra in such a way that they share
corners with each other but not edges and faces. Complete

detail of this structure was derived by Keggin in 1933
14



; using powder X-ray crystalliography using 12~
" tungstophosphate [75 - 17]. The structures of Pauling and
Keggin although essentially based on the same sharing of
octahedra are not identical. Pauling’s structure has been
found in one of the paratungstates. whereas Keggin’s
structure forms the basis of a large class of heteropolies.
The Keggin structure was later confirmed by Bradley and
I1lingworth in 1936.

After nearly twelve years in 1948, Evans using X-ray
crystallography reported the next new structure of a
polyanion, [TeMos0241%-. This shows that until 1950, X-ray
was the best known tool for researchers in this field. But
now in addition to this technique, many other advanced
techniques such as electronic spectroscopy, vibrational
spectroscopy, NMR, EMF methods, polarography and
voltammetry, salt cryoscopy, diffusion and dialysis,
ultracentrifugation, ESR, and EPR are widely used to
explore the indepth details of this less commonly known
field [17].

The earlier 1literature in this field, according to
Tsigdinos [72], should be used carefully and interpreted in
the light of recent findings because analyses reported in
the earlier literature are often inaccurate due to the high
molecular weights of the heteropoly compounds.

1.2.3. General Classification and Formulation:

The heteropoly anions which are well characterized
15
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structuralily can be conveniently classified into five broad
classes depending upon the ratio of the number, a, of
central hetero atom, X, to the number, ¢ ([this 1is also
equal to (12-b))} of addenda atoms, Z [12, 18, 19). This
classification also depends upon coordination number of the
contral hetero atoms. Compounds with the same number of
atoms 1in the anions are wusually isomorphous and have
similar chemical properties, The heteropoly anions of
molybdsnum and tungsten containing non-transition elements
as central hetero atoms have more structural analogues than
those containing transition elements as the central hetero
atom [ 718].

Group A: Heteropoly anions having the ratio of
{(a:c) as 1:12 and 1:71 and containing a tetrahedrally
coordinated hetsro atom, X, belong to this group. Related
heteropoly anions containing more than one hetero atom, 2Z
also represent this group.

Group B: This group 1includes the heteropoly
compounds with the ratio (a:¢) as 2:18 and 2:17 and
containing the tetrahedrally coordinated hetero atom, X.
These compound are structurally related to group A.
Related anions having more than one hetero atom, Z again
come under this group.

Group C: The heteropoly compounds with the ratio
(a:c) as 1:6 and having octahedrally coordinated central

hetero atom represent this group.
16



Group D: This group contains the heteropoly
compounds with the ratio of (a:¢) as 1:9 and having
octahedrally c¢oordinated central hetero atom. These
compounds are unrelated to 2:18 anions of group B.

Group E: This group includes the compounds having
the ratio of (a:c) as 1:12 but contain an icosahedrally
coordinated metal atom and in which the parent octahedra
share faces and corners with each other compared with the
edge sharing of corners plus edge sharing of the first four
group.

1.2.4. General Properties of Heteropoly Compounds:

Some general properties of heteropoly compounds are
included in this section but more emphasis is given to 1:12
heteropoly compounds of tungsten [10 - 13, 18, 19].

1. Heteropoly tungstates are more stable in acidic
than in neutral sclutions. A1l hetercpoly compounds are
decomposed in concentrated basic solution,

2. when heated, heteropoly tungstates do not start
losing water molecules until 1580°C. Complete decomposition
occurs at about 500°C.

3. The lesser the charge on heteropoly anions, the
higher the stability. This stability also depends on the
size of the hetero atom, X. Heteropcly tungstates are
hydrolytically more stable than the corresponding
mo]ybdenum compounds.

4. Salt formation between heteropoly anions and

17
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polycations is often not a case of simple ionic bonding.
Although even this electrostatic attraction may be
unusually important due to the high negative charge
generally associated with the polyanions. strong ion
pairing is expected in solution,

5. The color of bheteropoly compounds 1i8 highly
dspendent on nature of the central, X, and/or peripheral,
Z, hetsro atoms. In general, the t1:12 heteropoly compounds
of tungsten are colorless.

6. Heteropoly acids Bshow very strong affinity toward
other oxygen donor ligands.

7. The detsrmination of 1ionic weight by light
scattering in aqueous and organic solvents and
determination of size from ultracentrifugation, viscosity,
and dengsity measurements show that 1:12 heteropoly acids
are monomeric in nature.

8. Typically, polyoxcanions are air stable species
of large size (0.60 - 2.50 nm) and high ionic weight (1000-
10,000). For [SiWwiz2040])%- the ionic weight is 2876.

9. The free acids and many of their salts are very
scluble in water. This high solubility combined with their
high molecular weights produce very dense solutions. Some
metal salts are relatively insoluble. Usually the larger
the size of cation, higher soluble is its ealt with a given
heteropoly anion, Solubility of heteropoly compounds in

water is attributed to very low lattice energy and energy
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of solvation of anions.

10. The free 1:12 heteropoly scids are insoluble in
non-oxygenated solvents such as benzene, chloroform etc.

11. Crystalline heteropoly acids and salte are highly
hydrated with up to 50 molecules of water per anion. Much
of this water 1is 2zeolytic in nature. Also, the hydrated
acidse usually are isostructural.

12. Some heteropoly compounds are strong oxidizing
agents and can be readily changed to fairly stable reduced
compounds of very intense color. These compounds of mixed
valance are known as heteropoly blues. The reduced
compound can in turn act as reducing agents. The original
color of the compound is restored on oxidation,.

1.2.5. Some Important Uses of Heteropoly Compounds:
Applications of heteropoly compounds mainly lie 1in
their catalytic properties. High charges, ionic weights,
solubilities, solvolytic behavior in both aqueous and
organic media, thermal stabilities, and redox properties
are of particular 1interest in characterizing heteropoly
compounds for their various usee [17, 12].
1.2.5.1. Catalysis:

In a number of reactions, heteropoly compounds are
successfully wused as the heterogenecus catalyst. For
example, 12-tungstophosphoric acid and 12-tungstosilicic
acid have been reported as the most effective catalysts for

the dehydration of castor oil to unsaturated oils. Also,
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ﬁiz-tungstophosphoric catalyses the hydroxylation of alky]l

; alcohol to glycerol using hydrogen peroxide. The catalytic
5_0x1dation of lowsr olefins to unesturated aldehydss and
?aubaequent conversion into unsaturated in the presence of
:{various heteropoly compounds has also been studied [77].
Heteropoly compounds have been used as catalysts for the
vapor-phase partial oxidation of naphthelene and vapor-
phase hydration of ethylene. Recently, s8o0lid heteropoly
acids have been reported to be efficient catalysts for the
polycondensation of benzyl alcohol. Catatytic processes
involving heteropoly anions in homogeneous solution is also
a broad field to study.

1.2.5.2. Chemical Analysis:

F

Phosphate, silicate, arsenate, and germenate ions
may be determined gravimetrically or by means of
colorometric analytical methods involving reduction to
hsteropoly blue solutione. By these methods, it can be
determined whether these ions occur separately or togethsr
in solution. It can be done by forming the corresponding
heteropoly complexes and selectively extracting complexes
using organic solvents at the suitable pH.
1.2.5.3. As lon-Exchangers:

Crystalline heteropoly compounds with porous
structure are used as 1ion-exchangers. The ions are able to
move freely through this type of structure so that ion-

exchange takes place throughout the entire crystal lattice
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j and not only on the surface of the crystals.
1.2.5.4, Biochemical Applicationae:

Phosphotungstic acid 1is a good analytical reagent
for proteins, alkaloide, and purines, Also, it acts as a
good precipitant for proteins, Phosphotungstic acid can
aleo be used as a non-specific dense strain for electron
microscopy. The latter two applications are based upon
coulombic 1interaction between the polyanion and cationic
sites on the biomolecules. Only phosphomolybdatee are
found to be selective inhibitors of certain acid
phosphotases,
1.2.5.5. Corrosion Inhibition:

Heteropoly compounds have been used as conversion
coatings in steel and aluminum and as organic coatings on
steel with anticorroeion properties. This application of
heteropoly compounds must be approached carefully because
some heteropoly compounds undergo hydrolytic degradation in
very dilute solutions.
1.2.5.6. Flames Retardant:

Molybdenum compounds can act as a flame retardant
for wood and textiles and as smoke suppressants in textiles
and plastics.
1.2.5.7. General Uses:

Heteropoly acids are excellent protonic conductors
and are electrochromic in the solid state as a result of

the formation of heteropoly blues. These heteropoly blues
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;?are also used to detect several organic radicals gsnerated
.-by radioclysis of aqueous solutions.
1.3. Statement of the Objectives:

The primary objective of this research was to identify
heteropoly compounde using infrared technigques. Though the
field of heteropoly compounds is nearly 150 years old, not
much work has been done in the area of their infrared
spectra ([r7]. The available }literature concerning the
infrared spectra of these compounds is not very consistent
[19]. Moreover, most of this information is given for 1:12
class of heteropoly compounds [79]. Also, studies reportead
only have used the dispersive type of infrared instruments.
Therefore, the field related to infrared sgpectra study of
1:11 class of hetercpoly family using FT-IR methods needs
to be explered. Keeping this fact in mind, the research
was concentrated on iJdentification of unknown heteropoly
compounds using ’fingerprint' and computerized methods.
Computing capabilities now allow for the identification of
compounds Lsing spectral search Jlibraries. Therefore a
part of this objective was to set up spectral libraries of
heteropoly compounds.

A second objective of this study was to assign the
bands of the infrared spectrum of a given heteropoly
compound, and hsnce to characterize the spectrum. AS
mentioned earlisr (gection 1.2.1.), heteropoly compounds of

a family and addenda atom differ from each other only
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gibecause of the presence of central hetero atom and
?%peripheral heteroc atom., Therefore, the infrared spectra of
i these compounds should be 4&almost the same with the
;Texception of certain peaks due to the nature of different
hetero atoms.

A third objective of this study was to observe the
absorbance behavior of some heteropoly compounds in non-
palar solvents such as CCle and CS2.

Another objective of this research was to develop FT-
IR quantitative methods for using heteropoly compounds as a

catalytic agent (section 1.2.5.1.).

2. STRUCTURAL AND VIBRATIONAL SPECTROSCOPY OF HETEROPOLY
COMPOUNDS :
2.1, Principle Basis of IR Spectroscopy:

Infrared spectroscopy for the mid-IR region is mainly
concerned with the absorption of energy by a molecule or
with the study of emission of IR radiation by the concerned
species in the excited state. In this region absorption
occurs somewhere between 4000 - 400 cm 1. For heteropoly
compounds this region of interest lies in the *fingerprint
region’ of 1100 - 350 cm ' [7, 20]. The occurrence of a
vibrational spectrum is dependent upon an overall change in
electrical dipole moment of the 1ion or molecule, The
electrical dipole moment is defined as the preduct of the

charge produced and the displacement produced during a

23



particular vibrational motion. Hence, the intensity of an
IR absorption band 1is dependent on the magnitude of the
dipole moment change. The interaction of radiation with
the vibration in the molecule is responsible for producing
the absorption band in the IR spectrum.

An IR absorption spsctrum of a molecule is one of its
unique physical properties because no two molecules having
different structures can show the same IR spectra. The
study of these spectral properties for a given compound can
differentiate it from others without doing any chemical
analysis.

The spectral comparison of two compounds can be done
by using two methods: ohe 138 by visual comparison of
standard spectra and the other 1i8 by computerized
comparison of standard spectra. The firset method is often
called the ’fingerprint method’. In thie method a spectrum
of an unknown compound is vieually compared with standard
spectra until a match is found. The esecond method uses
digitized epectra rather than the more common analog
graphical spectra and a computer program performs the
comparisons.

In the first or fingerprint method, spectra of known
compounds are recorded in the normal or analog form and
stored 1in notebooks. Then the spectrum of an unknown
compound 1is recorded. The mejor bands in the unknown

spectrum are used to aid in manually searching the standard
24



i’lpectra in the notebooks to find similar spectra. These
;cimilar spectra are then compared until a match is found.
%81nce similar compounds have some bands which sre similar,
;the standard spectra of classee of compounds are usually
;atored in adjacent sections in the notebooks.

For the second or computer method, spectra o©f Kknown
; compounds are digitized and stored in a file called a
library. Then the spectrum of an unknown compound is
obtained in an identical digitized form. Each of the
spectra in the library are compared to the unknown spectrum
and a numerical value assigned to represent the closeness
of the match. A list of the spectra which most closety
match is then displayed. The computer operator then makes
a visual verification.

An important requirement for using either of these two
methods is that all the spectra must be taken under the
identical conditions of resolution and number of scane and
should also have been dispersed in the same medium [27].
The former method is very time consuming and depends upon
highly trained personnel. The latter method is much faster
since a computer can operate at much higher speeds. Also
since the latter method can search all the apectral files,
a lower probability existe of missing the correct standard
spectrum. Computer searches, however, are highly dependent
upon the algorithm used to perform the match or search.

2.2. Structural Arrangement of Atoms in Heteropoly Anions:
25



The simple HPA [SiWi120401%- results if, in the general

'for'mu1a, b = 0, X = Si, and Z = W, This HPA has the
F jdealized Keggin structure [75 - 7171. In a simple diagram
fof Keggin etructure, the silicon atom can be considered to
;be placed at the center of the regular cube. This silicon
i atom when combined with a group of four oxygen atoms forms
i a regular tetrahedron at the center of regular cube. These
oxygen atoms are arranged with their centers at the corners
of this regular undistorted tetrahedron. Each of the
twelve tungsten atom is placed at the center of each edge
of this regular cube and forme its own distorted octahedron
which has s8ix oxygens at the corners (Figure 1). These
tungsten atoms are moved off the center towards the
exterior of their octahedra. These twelve octahedra are
arranged in four units, WisOi1s, of three octehdra each. 1In
each unit of WsO13, each octahedron sharee three oxygen
atoms with the other two octahedra in the group (Figure 2).
Two adjacent equatorial oxygen atoms are shared: one with
each octahedron in the grousp. Hence, three oxygen atoms
form an equilateral triangle. The third oxygen atom, from
each octahedron which 1is shared within the group, is the
interior axial atom. This oxygen atom ie shared with all
three octahedra 1in the unit and the tetrahedron. Besides
sharing three oxygen atoms with the other octahedra in the
same unit, the two remaining adjacent equatorial oxygen

atoms are shared with two octahedra in two of the other
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éunita of waO13 (Figure 3).
Hence, in a complete structure, each WOs octahedron

:conaists of one oxygen atom shared between a unit of three

;ﬂOu octahedra, WiO1a, and one S$i04« tetrahedron, two oxygen
?fatoma shared with two other octahedra of the same unit, two
}aoxygen atoms shared with twe other units containing three
T octahedra each and one oxygen atom remain unshared. Within
each unit of thrse octahedra, two edges of each WOs
octahedron are shared with edges of the two other octahedra
(Figure 4). Between units of three octahedra, only corners
are shared. In HPC(s), there is no direct linkage between
E the individual molecules, but 1instead, it is the hydrogen
. bonding through some molecules of water of hydration. These
water molecules are also responsible for packed unit
structure in the crystal [!2, 22]. In the overall
structure, all HPA are arranged in spiral which surrounde a
relatively Jlarge space. This space accommodates the
cations and water molecules present in the HPC [ 10].

The main reascn that the octahedra are distorted by
the W atom being displaced towarde its exterior appears to
be due to coulombic electroatatic repulsion between the
positively charged central Si atom and the W addendum atom
[t0]. In addition, the peripheral, unshared oxygen atom
is polarized toward the W addendum atom and the interior of
the complex. This potarization results 1in a very high ion-

induced dipole interaction with the tungsten atom and can
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_gaccount for the observed distortion of the octahedron.
Interior oxygen atoms have positive valent atoms near
fthem on several sides and, therefore, cannot be poailarized
fso intensively 1in any one direction [ 70]. The exterior
9'oxygen atome, being heavily polarized inwards, suck the
3 tungeten atome outwards. The two dimensional spatial
E arrangsment of atoms of this simple HPA is8 shown in [23].

For other HPA(s) on which this research is
concentrated, e.g. (Si4*Co2+(H20)W1103»]%- , one tungsten
atom and its terminal oxygen atom are replaced from the
simpls HPA by a peripheral hetero atom, Co, and a ligand
molecule, H20. This type of anion has a 'dofective’ or
'peeudo’ Keggin structure [24]). A very detsiled account of
the historical development of these compounds is mentioned
in [20, 25].
2.3. Schoenfliess Point Group of the Heteropoly Anions:

For the HPA(e) having the ideal Keggin structure, it
is observed after applying symmetry operations such as E,
Ca, C2, S4« and sa that this type of anion possess Ta as the
point group with 24 as the point group order, h. Here, 84
mentioned refers to symmetry operation corresponding to
reflection through a dihedral mirror plane. For the HPA(s)
having defective Keggin structures, the assigned point
group is Ce with the symmetry elements E and sn. Thus, the
point group order for this symmetry group is two. Here, &n

refers to symmetry operation corresponding to reflection
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%through horizontal mirror plane,
2.4, IR Active Modes of [SiWi12040 ]J*- Anion:

The infrared active modes of the HPA [SiWi12040]sa-
'f:' having Td as the point group 1is determined by first
i. constructing a reducible representation for the dipole
moment which is denoted as G(dm) {26). The characters of
thie reducible representation for proper rotations, that is
the E, C3 and Cz symmetry operations, is given as [1 +
2cosQ)}, where @, is the angle of rotation due to each of
these symmetry operations. The value of the characters for

improper rotations, Sa and 8d, is equal to [-1 + 2cosQ].

Thus, the reducible representation of the dipcle moment for

Ta is given as:
“he2s e s ¢ s s
Q 0 120 180 90 0
r 1 8 3 6 6
a{dm) 3 0 -1 -1 1
G(Fz) 3 0 -1 -1 9

e e ) NS S R ——

where r represents the repetitive number of each operation
that can be performed to give the molecule its original
position, and G(Fz2) represents the irreducible
representation corresponding to Fz mode of vibration,

By comparing the values of G(dm) and G(F:) for each

symmetry operation, one can justify the conclusicon that the
20



mode is the only IR active vibrational mode for this

;é.s. Total Number of Bande Belonging to Each Normal Mode
for [SiW12040]14- Anion:
A normal mode of vibration is one during which each
 atom of a moilecule executes simple harmonic motion. 1In a
gnormal mode of vibration, all the atoms move with the same
gerQUency and are in phase. Therefore, the center of
égravity of the molecule rsmains unaltered.
The number of bands belonging to F2 band, which is8 the
;on1y IR active mode, 18 determined by first calculating
ﬁ character, G(v) of the reducible representation for the
vibratory motion of the atome in this HPA [26]. This can be
done by calculating G(m), the character of the reducible
repreeentation for all types of motion shown by a1l atoms
in the HPA and then eubtracting from this representation
the characters of the reducible representations of the
transtational motion and of the rotatory motion. The
character G(m) for the proper rotations is given as
[N(1+2c08Q)) and for the improper rotations is given as
[N(-1+2c0eQ)]. In these expressions, N denotes the tota)
number of atoms that remained unshifted under each symmetry
operation [26].

If the characters of each symmetry operation for the
reducible representation for translational motion are

designated as G(t), the characters of each symmetry
k16,



aration for rotatory motion, G(v), can be calculated from
;ihe expression:
f G(v) = G(m) - 2G(t)
?The value of G(v) can be placed in the following reiation
éto calculate the total number of bands, B8(Fz2),
icorresponding to an F2 eymmetric vibration:
B(F2) = (Uh)%r G(F2) * G(v)
f Work related to the determina;ion cf N was not done because
of insufficient time, but according to the literature the
value of B(F2) should be 22 [19, 20).
2.6, Internal Coordinate Analysis of Heteropoly Anions of

the Type 1:12 and 1:1:11;

The normal coordinates of a vibrating system expreas
' a1l the individual independent displacements of the atoms
involved in the vibratory motion, i.e. & normal mode of
vibration. A HPA having a 1:12 ratio of hetero atoms to
the addenda atoma, has 53 atoms which gives it 159 total
degrees of freedom, d.f. Because this type of anion is
non-~1linear 1in sgtructure, only 153 d.f. correspond to the
vibrational motion.

when this anion undergoes vibratory motion, 1internal
variations take place within the anion in the form of
changes in bond angies and bond lengths. These changes in
the anion can be described 1in terms of four internal
coordinates s, m, n, and p [27]. The symbol s refers to

bond stretching, m to bond angle deformation, N to out of
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Mane bending, and p to torsion produced during vibration.
. number of coordinates reguired to completely specify
ag8@ changes in internal structure are Ns, Na, Nn, and Np
;zspective1y. These coordinates are directly related to
mber of atoms, Na; number of bonds, Nb; the number of
-itoms in the anion which participate only in one bond, As;
?ind to the bond multiplicity of the atoms, Mi [27]. The
;pond multiplicity ie defined here as the number of coplanar
;bOnds (i.e. three or more) which meet at that atom.

Na = Np

Na = 4Np - 3Ne + A1 - My + 2

Nn = My - 2

Np = No — A
For the ideal Keggin structure 1in which all the
octahedra in the anion are undietorted, which is not a real
cace, Na = 53, Nb = 78, Ay = 12. And for each octahedron
Mi = 4, Thus,

Ne = 76; Na = 133; Nn = 24; Np = 04
For the anion having all distorted octahedra, for
example HPA [SiW12040)4-, Na = 53, Nbo = 76, Av = 12,
and My = 0. Thus,
Ne = 76; Na = 187; Nn = 0; Np = 84

Hence, the total number of internal coordinates required to
specify the changes in internal structure for this anion is
297. As this anion has 153 d.f. for vibration, some

redundancies are present. The presence of redundancies can
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{be checked by using the characters of the raducible
?reprasentation for internal coordinates, G(int}). This
;remxﬂb1e rapresentation can be derived by observing the
;unahifted nature of each internal coordinate under all
;aymmetry operations of the Te group. And then, subtraction
;of G(v) from G(int) wil]l provide the characters G(red} of
g;reducible representation corresponding to redundancies
i [26]. The work related to this part was not completed
;fbecause of insufficient time.
The 1:1:11 type of HPA, {Si**Co2*(H:20)W1103s])%- for
example, has 55 atoms. The total number of vibrationa)l
degrees of freedom for this anion is 159, An analysis of
the structure of this anion reveals that Ns = 55, No = 78,
and A» = 13 and, hence:
Na = 55, Nb = 78, Ay = 13, and My = 0,
Thus, the number of coordinates required to completely
specify these changes in internal etructure, Ns, Na, Nn,
and Np are:
Ne = 78: Na = 160; Nn = 0; Np = 65
Thus, the total number of 1internal coordinates required to
completely specify the vibratory motion is 303.
To do further study in the field of normal coordinate
analysis of 1:12 type of anions, a paper by Yurchenco [28]

is the best source of information.

3. EQUIPHMENT AND EXPERIMENTAL TECHNIQUES:
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| 3.1. EqQuipment:
A Bomem MB-100 FT-IR 1interfaced to a NEC APC 1V

t parsonal computer and IBM color plotter was used to obtain

;a11 spectra. "Spectra Calc” software from Galactic
'iIndustries Corporation was used to obtain the spectra and
to perform data treatment. Tha NEC computer could also be
connected to an AT&T network. However the memory
requirements during the collection of the interferograms
precluded connection to the network during data collection.
A1l other calculations and data treatment were performed
using Quattro, spreadsheet.

standard KBr windows from Wilmad Glass Company were
used as the window material for the sample cell,
bemountable cells from McCarthy were used to piace the KBr
windows in the path of light of FT-IR. Teflon spacers of
thickness b5bx10-¢ - 4Bx10-¢* m were ueed for obtaining
solution spectra,. The sample celils without spacers were
used to obtain the Nujol spectra.

All sampies were ground in an agate mortar and pestle.
All masses were determined using a Gram—amatic aralytical
balance (Fisher Scientific Companv). The sensitivity of
this balance is given ac 0.01 mg.

Other stancdard general laboratory apparatus and
glassware were used as needed.
3.2. Chemicals:

The heteropoly compounds were provided by Or. A.
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%Landis. A1l other chemicals were ACS reagent grade or HPLC
;Bpectra1 grade unless otherwise noted. A11 heteropoly
}eompounds and other chemicals were used without further
_Epurification. The chemicals used for this study wers:

Potassium bromide

Potassium chloride

Carbon tetrachioride

Carbon disulfide

Heavy mineral oil (Nujol)

Cyclohexane

Tripaimitin (provided by Prof, Ericson)

18 heteropoly compounds, detail of which is given in

section 3.2.1.
3.2.1. IUPAC Nomenclature, Formulae, and Abbreviated

Notations for Heteropoly Compounds:

According to IUPAC system, the central hetero atom
in the formula of a heteropoly compound should be placed
first in the formula and placed last in the name along
with ite oxidation state [29]. The peripheral hetero atom
is8 to be placed along with its 1ligand after the centratl
heterc atom 1in the formula. But 1in the name, the
peripheral atom is to be placed at the beginning of the
anjonic part. The number of addenda atoms also is to be
stated 1in the name to Jjustify the ratio of number of
central atoms to the number of addenda atoms.

In this thesis, a ’'general formula' devised to
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; designate the oxidation state of each hetero atom is given
iin addition to the IUPAC formula. The total number of
: water molecules 1i8 given at the end of thege formulae for
; all compounds except those for which tetra-n-heptytammonium
is the cation. The compounds with tetra-n-heptylammonium
as the cation were prepared from their corresponding K* or
Na*+ cations using ’liquid ion exchange phase transfer’
method [30]. The number of water molecules attached to
each heteropoly compound is taken from [72, 20].

An abbreviated notation is used for convenience in
this thesis. The first symbol is ths cation. Next is the
peripheral hetero atom with its oxidation state. Then the
central atom is given. The symbol, Am, is used for tetra-n-
heptylammonium cation. For 1:12 HPA, We* 1is wused to
rsplace the Co2*, For example, KCo3+B is the abbreviated
notation for potassium aquocobalto(III)~11-
tungstoborate(III} or Ke[BCo(H20)W11030] * 18,8 Hz0.

For convenience 1in this thesis, the heteropoly
compounds are arranged, reported, and discussed in the same
order throughout. A1l those HPC with the same central
hetero atom are placed together., The order used i8 based
on increasing order of atomic weight with the exception of
phosphorous hetero atom which is placed before boron atom,
i.e. Hz, P, B, 8i, 2Zn, Ga and Ge. For a given central
hetero atom, the 1:12 compound 1is placed first, then the

1:11 analogs 1in the order of increasing oxidation state

[a}
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f(i.e. Co?* before Cod*). For a given central hetero atom

fand peripheral atom (ie. a specific anion), the order is
ébased upon the counter cation- first hydrogen, then sodium,
ipotassium, and lastly tetra-n-heptylammonium.
A1l of the HPC used in this investigation are listed
; below. The IUPAC name and formula, the general formula, and
. the abbreviated notation are given for each. The order is
the same as that to be used in the thesis.
a. Sodium 12-tungstodihydrogenate

IUPAC: Nae[H2W12040] * X H20

Formula: Nae[Hz2Wi2040] * X H20

Notation: Nawg+H2

b. Potassium aguocobalto(lII)-11- tungstodihydrogen-

? ate
| IUPAC: K?2[H2Co(H20)W110mp] ® 14,3 H20
Formula: Kz[HzCo?*(H20)W11033] % 14.3 Hz20
Notation: KCo3+H2
c. 12-tungstophosphoric(V} acid
IUPAC: Ha[PW120Q40 1% 29Hz20
Formula: Ha[P5+*W12040]% 29H20
Notation: HW6+P
d. Potassium aquocobalto(II)-t1-tungstophosphate{V)
IUPAC: Ks[PCo(H20)W11035)% 16.9H20
Formula: Ks[P3*Co?*(HzO)W11039)% 16.9H20
Notation: KCo2+P

e. Potassium agquocobalto(II)-ti-tungstoborate(III)
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IUPAC: K7 [BCo{H20)W1103s] * 13.7 H20

Formula: Kr[B3+Co2+(H20)W11039] ¥ 13.7 H20
Notation: KCo2+8

Potassium aquoceobalto(III)-11-tungstoborate(III)
IUPAC: Ks[BCO(H2O0}W11038]% 16.8H20

Formula: Ke[B3*+Co03*(Hz0)W11038])* 16.8H20
Notation: KCo3+8

Tetra-n—-heptylammonium aquocobalto{III)-t1-tungs-
toborate(IIT)

IUPAC: ([N(C7H1s }a]les [BCO(H20)W11039]

Formula: [N(CrHts)}4]a[B3*Co3*(H20)W11039]
Notation: AmCo3+8

Potassium aquocobalto(IIlj)-t11-tungstosilicate(lY)
IUPAC: Ke[SiCo(Hz20)W1103s8)* 15,2H20

Formutla: Ke[Si4*CoZ+(H20)W110sg]x 15.2H20
Notation: KCo2+8i

Tetra-n—-heptylammonium agquocobalto(II)-11-tungst-
osilicate(1IV)

IUPAC: [N(CtH13)4]o[SiCO(H20)W1103p]

Formula:; [N{(C7H13)4])e[Si14*C02+* (H20)W11035 )
Notation: AmCo2+$1

Potassium aguocobalto(III)-11-tungstosilicate(lIVv)
IUPAC: Ks[5iCo(Hz20)W1103s}=x 15,7H20

Formula: Ks[Si4+Co?+(H20)W1103s])x 15,.7H20
Notation: KCo3+Si

Potassium agquocobalto(II)-11-tungstozincate(II)
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IUPAC: Ka[ZnCo(H20)W:103s]* 13.6H20

Formula: Ke{Zn2+*Co2*(H20)W110as]* 13,6H20
Notation: KCo2+Zn

Potassium aquocobalto(III)-1t-tungstozincata(II)
IUPAC: K1 [ZnCo(H20)W11039]* 16H20

Formula: Kr[Zn2*Co?* (H20)}W110a3p ]® 16H20
Notation: KCo3+2Zn

Tetra-n-heptylammonium aquocobalto(III)-t11-tungs-
tozincate(II)

TUPAC: [N(CtH1s5)s]e[ZNCo(H20)W1 1039 }

Formula: [N(CrH1s)s]e{Zn2+Co3*{H20)W110a3 ]
Notation: AmCo3+2Zn

Potaesium aquocobalto(II)}-t11-tungstogallate(III)
IUPAC: Kr(GaCo(H20)W1103s])* 13.1H20

Formula: Kr[Ga’*Co2*(Hz0)W1103e]* 13.1H20
Notation: KCo2+QGa

Sodium aquocobalto(III)-11-tungstogallate(III)
IUPAC: Nae[GaCo(H20)W1903¢0]* 17.4Hz0

Formula: Nas[Ga**Co2?** (HzOD)W1103g]* 17.4H20
Notation: NaCo3+Ga

Tetra-n-heptylammonium aquocobalto(III)-11-tungs-
togailate(III)

IUPAC: [N(CrHis)s]le[GaCo{H20)W11039]

Formula: [N(CrH1s )sle[Gad*Co3+ (H20)W11039)
Notation: AmCo3+Ga

Potassium aquocobalto{II)-1t1-tungstogermanate(IV)
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IUPAC: Ke[GeCo(HzO)Wy110s9]* 14,3H20
Formula: Ke[Ge**Co2?*(H20)W11038]% 14,3H20
Notation: KCo2+Ge

r. Tetra-n-heptylammonium aguocobalto(II)-11-tungst-
ogermanats(IV)
IUPAC: [N(CvH1s )4 le[GeCo(Hz20)W11039]
Formula: [N(C7H1s)4]e[Ge**Co%2* (H20)W1103s ]

Notation: AmMCo2+Ge

5.3, Techniques:

Depending upon the nature of spectral analysis to be
dons for heteropely compounds and also on nature of HPC(s)
itself, three different experimental techniques were used
for taking the IR sapectra. Though the exact value of
characteristic frequency of a particular vibrating set of
atoms depends on the environment of nearby vibrations, but
this frequency 1is partly dependent on the preparative
technique for taking the IR spectra [713, 21, 31]. Hence,
IR spectra of some of HPC(s) were taken by using two or
more techniques. The physical state of HPC(s) and their
relative sojubility behavior in non-polar solvents put some
restrictions in taking the IR spectrum of each of compounds
using ali the three techniques described below. Comparison
of IR spectra of a compound with the previously taken
spectrum of the same compound also forces the use of these
three different techniques.

3.3.1. Classification of Heteropoly Compounds:
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IR spectra of the 18 HPC{s)}, which were available

f;or this research, can be claasified into three classes
iccording to different IR spectra taking technigues as:
Ei.IR spectra of only four HPC(s) with Na* or K* as cation
‘; NaCo3+Ga, KCo3+B, KCo2+Ge, and KCoZ+Ge were taken by
- pellet making technique.
fb. IR spectra of thirteen HPC(s) with K* or Na* as cation
woere taken by Nujol mulil technique.
;c. IR spectra of five HPC(s) with [N(C7Hi1s)s}* as a cation
i.e, AmCo3+Ga, AmCo3+B, AmCo3+2n, AmCo2+Ge, and
AmCo2+S1 were taken by using 1liquid cell technique.
E 3.3.2. Pellet Making Technique:
Pellet making technique 1is supposed to be the best
] IR technique for both qualitative and quantitative analysis
of a given compound if the pressure applied in forming the
* psllet and the particle eize of the sample are the same
[21, 31 - 33]. The bande in the IR spectrum of MPC(s) in
S KC! and KBr are free from interfering bands because of the
good transmittance range of KC! and KBr. Also, this
technique allowg for excellent control on the use of the
sample concentration and on the thickness of the pelilet
formed. Assuming that KC! pellets give better results than
that given by KBr peltlets because of ite less hygroscopic
nature, IR spectra of all the four HPC(s) of class (c)
woere taken by using both alkali halides [27]. Main

disadvantage of this technique with respect to HPC{(s) is
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E that the particle size of sample is never reproducible.

A general method used for taking the IR spectra by
; this technique is given as: First of all both a sample and
" KBr are dried in a aven at 110°C and 105°C respectively.
And then, both are ground to a very small particlie size
.[separate1y keeping in mind the principal of Christiansen
effect [34]. According to this effect the particle size of

the sample must be l1ess or equal to the order of wavelength

of IR radiation; otherwise, some of the radiation incident
on the peliet will be scattered out of the samplie beam and
hence, the detector will give a false zero level on the
distorted spectrum. This effect also arises because of
appreciable difference in refractive indices of sample and
surrounding medium. This effect develops because the
refractive index ie a function of freguency that has a
discontinuity in the frequency region of a strong band
[34]. To make the grinding process easier, parts of the
sample was ground with 5 - 10 drops of cyclohexane which,
because of its non-polar nature, has no chemical effect on
the sample [27]. This process of adding liquid and then
grinding was repeated until good particle size was
achieved. After grinding by this process, the sample was
kept for sufficient time for complete evaporation of the
ligquid. After the grinding process, both sample and KBr
were weighed out in the ratio of approximately 1:100 and

then, KBr was added 1in small quantities to obtain a
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b ogeneous mixture. Each addition of KBr was just equal
:ﬂ that of the sample. Mixing of both was then almost done
ilthout grinding to prevent the absorption of water by KBr.
‘ ter the compiete mixing of sampls with KBr, the mixture
was placed in a die and then the die was pressed to a
iiufficient pressure to get a good peliet. Before taking &
.:Ibsorbance spectrum for the mixture, a reference spectrum
;of air, absorbance spectrum of KBr and reference spectrum
;of KBr were collected. The same process was repeated for
f other samples and for KC1 pellets. Resolution of 4 cm
;lnd number of ecans equal to 16 for all the spectra were
ékewt constant, Spectra of all HPC(s) of class {(a) were
;;taken by this technique. Al the epectra were scanned from
i 8000 - 200 cm~ !, Another concentration ratio of sample to
? KBr as 1:25 was also used for taking the spectra of these
HPC(s}.

3.3.3. Nujol Mull Technique:

Only heavy Nujol, high boiling fraction from
petroleum and a mixture of alkane 1in the range Czo - Cso
with some olefinic aromatic hydrocarbon, was used for mull
technique because it does not show the highly interferable
bands in the spectral region which is of the importance for
HPC{(s) [ 34]. IR spectrum of Nujol shows strong absorption
near 3000 cm-' due to C-H stretching vibration and near
1400 cm-! due to C~H bending vibration [34]. From Nujol

mull technique it is not possible to get reliable intensity
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k values since there is no s8imple control on the sample
ithickneas nor on the sample concentration [32, 33). For
;this technique, a demountable cell with KBr windows was
iused. A demountable cell has the advantage that it can be
?disasssmb]ed for filling and cleaning. A special handling
care was given to KBr windows because the hygroscopic and
é the easily damaged nature of a crystal increase with
increase in IR transmission range,. The same method of
drying and grinding the eample was used as was employed in
the case of pellet making technigue. About 1 mg of well
ground sample was mixed with a drop of Nujol with the help
of mortar and pesttle. Special care alsc was given to
proper ratio of sample to Nujol. After homogeneously
mixing the samplie with Nujol, it was placed gently on KBr
window with the end of pestie and then it was evenly
distributed by rotatory motion of the windowe. Resolution
of 4 cm~' and number of scans equal to 25 for all the
spectra were kept conetant. Ae 1in previous case, first
reference spectrum of air, absorbance spectrum of Nujol and
then reference spectrum of Nujo)l were taken before taking
the absorbance spectrum of the Nujol mull. Al)l the spectra
were scanned from 5000 -200 com-'. IR spectra of all
compounds c¢oming under class (b) were taken by using this
technique.

3.3.4. Solution Technique:

For best quantitative analysis of IR spectra, a
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?ho1ution technique is considered as the most reliable one
{21, 32, 33]. This is because spectra taken by this
ftochnique are very reproducible if the same unopened cel)
fia used. Tha major advantages that can bs gained by
iemploying this technique inctude the ease of sample
?'preparation, uniformity of dispersion of solute and the
: ease in fixing both the concentration and layer thickness
[32, 33]. For this technique sealed demountable cells were
i ueed which have the advantages of filling and cleaning
without changing the path length. For this techniqus only
HPC{s) with [N(CyH15)s]* as cation were used because these
compounds were found to be soluble in non-polar solvents
1ike CSz and CCls [(30]. Selection of these solvents is
governed by two facts: Firstly, these solvents do not
exhibit strong absorption in the spectral range which js of
the importance for HPC(s); secondly, these solvents do not
appreciably interact with the concerned HPC(s) because of
their homogeneous dielectric field and also because of
their non-polar nature f[7, 37 - 34]. Because of their
volatile nature, the number of scans was reduced to nine
while the resclution was kept unchanged at 4 cm-1. For
soiution techniques, the spacer of approximate thickness of
(55 - 45x10-¢% m) was used because with a greater thickness,
these solvents are not sufficiently transparent to IR
radiation [ 34].

Because of the pature and physical appearance of the
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%NPC. this technique does not require the grinding of the
bsample. But, all these HPC(s) were dissolved and then
t svaporated 2 - 3 times with the scolvent to free them from
;ths methylene chloride in which they were prepared [30].
;As in previous cases, first the reference spectrum of air,
j_lbsorbance apectrum of solvent and the reference spectrum
i:of gsolvent were taken before taking the absorbance spectrum
b of the solution. In between two consecutive spectra, the
; cells were thoroughly washed with the relevant solvent, IR
spectra of one HPC were taken for 10 - 13 different
concentrations at a given path Jlength for a particular
liquid. Al) the spectra were scanned from 5000 - 200 cm-',
The spectra of all compounds representing the clase (c)
were taken by this techniqgue.

3.3.4.1. Details of New Weighing Scheme:

Assuming that the solution of HPC(s) with any of
the above mentioned solvente is homogeneous and the rate of
evaporation of solvent 1is negligible ae compared to total
weight of solution, a new weighing scheme was devised to
improve the accuracy of the result and to reduce the
excessive use of the HPC(s). This scheme has reduced the
total number of weighing necessary for taking the spectra.
For example, toc take ten spectra if the general weighing
scheme is used then number of times the weighing should be
done will be 30 and use of this current scheme has reduced

the number of weighings to 21, Briefly this scheme is
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biven as:

i rst weighing : Let weight of ssmple X1 g

mpcond weighing: Let weight of solvent Y1 g

1~nce, total weight of solution formed (X14y1) grams, in
Smich ratio of solute to solvent is x1:y1. The
;uoncentration of this solution 1is calculatsd in grams of
 solute/ liter of solvent, g/L. The volume of the solvent
;io calculated by dividing its total weight by its density
;“at a given temperature. The temperature dependence of
;densities for CCls and CS2 were taken from [35], If z1
“'grams of this solution 1is used for first spectrum then:
Third wsighing : Weight of solution sfter first spectrum
= (X1+y1-2¢) g
(xt+y1-z1) grams of solution still has ths ratio of solute
to sample as Xi1:y1. Now, if w1 grams of solvent is added to
the solution then:
Fourth weighing: Total weight of scolution before second
spectrum = (x1+ys-Z1+w1) g
Now, 1n this eclution ratio of solute to solvent will be
X2:¥2, where the value of x2 and y2 will be calculated
using simple mathematice. Now, if 22 grams of solution is
used for the second spectrum then waight of solution after
sacond sgpectrum will be:
Fifth weighing : Total weight of solution after second
spectrum = (Xt+y1-21+wi1-22) g

In this sclution, the ratic of solute to solvent will be
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_?xs:ys. Up to this point, this shows that for two spectra
f'the number of weighing to be done is five, whereas for
; general weighing procedure this number would be six.
3.3.5. Spectral Peak Table:

Peak tables of all spectra were created using the
Spectra Calc software. Normally, for producing a peak
table a sensitivity factor of 10 is recommended but for the
present study its value was kept at 20. Actually, the
latter value of the sensitivity factor causes the eoftware
to identify more peaks. The peak tables originally created
contained four columns: one for the peak position, one for
the corresponding absorbance values and two columns for the
estimated left and right edges of the peaks. These peak
tables were then modified using the Quattro spreadsheet.
Each modified peak table has three columns: one for peak
positions, one for the corresponding absorbances, and one
for relative abeorbances of all peaks normalized with
respect to the highest absorbance in that table.

3.3.6. Spectral Search Library:

Four different libraries were created using Spectra
Calc for the spectra taken in four different dispersing
media as Nuwijol, KBr, KC1, and CCl«. The features of these
librariese are controiled by two factors: one is matching
resolution, Res, of two spectra and another is number of
data pointe, Ndp, used to match a unknown spectrum against

the spectra stored in each library. These two factors are
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frelated by the following relation:

Nap = (v’max - Vv'win)/Res

;If v'’max = 1095 cm-' and v'aetn = 356.44 cm-', then for Res
%of 2.556 cm-!' the total number of data points which are to
?be matched will be 289. All the spectra stored in ons
iparticu1ar iibrary wers taken undsr identical conditions of
fdisperaing media, number of scans, angd resclution for
j collecting a spectrum, Also, the spectra, which were
-identified using a particular library, were taken under
| gimilar conditions. Each &standard 1library matches a
i gpectrum by giving 1its 'hit quality index’, HQI, against
] each spectrum storsd in the library. If the value of HQI
is 0.000 then it means the match is perfect. And, if this
. value 1is greater than 1.414 then it shows the worst match,
A1l the spectra 1n the eearch result are arranged in the
incrsasing order of HQI values. In Nujol search library 14
epectra were stored. In KBr, KC1 and CCls libraries, the

number of spectra stored is 5.

4. RESULTS:
This section 1is divided 1into two parts: qualitative
analysis and quantitative analysis,
4.1. Qualitative Analysis:
Qualitative analysis of the spectrum of a given
unknown compound is generally related to its identification

without doing any chemical analysis. The identification of
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2 spactrum was performed in  two waye: uaing the
*fingerprint’ method and uming a computerized asearch
library. Thereforae, this asction 1is further divided 1into
two parts.

' 4.1.1. Fingerprint Method:

In pressnting the results of this =section, the
spectra of compounde will be given in the order mentionsd
in saction 3,2.1, axcept that, for eaae of preeentation,
tha phoephoroue compounde are placed beforea the boron
compounde. In other worda, ths compounds are arranged on
the bmeis of increasing atomic weight of their central
heterc atoma axcept for the phosphorous hetero stom, i,.e.
tin the order of Hz, P, B, 8t, 2n, Ga, and Gs8, Thie order
waa chomen te eaimplify the correeponding discussion. For
tha aams cantral hnheatero atom, the ordar of peripheral
heterc atom of wkt, Cof+, and Co?*+ g followed., For the
same central snd paripharal hatero stoms, the cation order
of K*, Nat, and [Ni{CrHia )41+ i8 ueed. For each compound,
the spectrum in KBr ia placed first and then spectra tekan
in KC1, Nujoel, CCls, ard C52. The results of HPCi(s)
containing dihydrogen or phosphorous 8& thair hatero atom
are glven under the esame section becauwee both 1:12 HPCi(s)
heva eithar of WE* or Co?t* hetero atome,
4,1.1.1. Dihydrogen and Phosphoroua Compounde:

The compounds having dihydrogen or phosphorous ae

their heterdo atom are HawWo+HZ, KCOJI+HZ, HWB+P, and K{o2+P,
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e apactra of all feur of thess compounds ware takan 1in

jol. The epectra of first two compounds are ehown in
%inure 5. And their correaponding paak tablas containing
ﬁ ak positione, abeorbances, angd ralative absorbancae are
;h1van in Tables I and II. Simjlarly, for tha two lattar
coMpounds , the spectra are shown in Figure 6 and
fnurrespﬂnding peak tables ara givan in Tabiee III and 1IV.
f 4.1.1.2. Boron Compounde:
Tha compounds repreasnting thle haterc atom era
:KE02+E, KCo3+B amnd AmCold+B. The epactrum of KCo2+B was
f taken in Nujcl, Three epactra of KCo3+B wera collacted in
QTHBr, KC1, ang Nujol. 8pactra of AmCo3+B were taken in CCls
at diffarent concentratiomne. Ae an axampla, the apectra of
& KCo3+B in KBr and Nujol and of AmCo3+B 1in CCla are shown in
Figura 7. The concentration for the aclution <chogan i1s
given aa 39.34 g/L. Tha paak tables of these¢ apoctra are
aummarired in Tablee ¥ - ¥II.
4.1.1.31, 5ilicon Compounda:

The compoundes with eilicon as cantral hatarc atom
are KCo2+51, AmCo2+Ei, and KCo3d+51. Tha spactra of KCo2+83)
ware taken in three diaspersiva madia, KBr, KC1 ang Nujal.
Spactra of AmCol3+57 were taken in CCYy at peveral diffaraent
concantratione. Also, the only spectrum of EKCo3+51 wee
collaectad in HUujpl. To show the affect of dieparsive media
on the spactra, three apectra of KCo2+51 are shown 1in

Figure &. The peak tabies faor all theee epectra are given
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{n Tables VIII - X.

f#.1.1_4. Zinc Compounde:

Three compounds which have In as cantral hetero
Eltnm are KCo2+2n, KCold+Zn and AmSo3+In. The spectra of the
%f1rat two compounds ware taken in Mujol. Spactra of
?th3+1n ware taken 1in CCld4 at differenht concentrations,
;Dn1y two spectre of KCo2+Zn and of AmCo3+ZIn, are shown in
iF1gura 9. The concentration of the asalutign ia given aa
14,55 g/L. Tha corresponding paak tablee of theae spectra
:ara given in Tablep XI and XII.

4.1.1.5. Gallium Compounda:

Tha compounda with Ga are KCo2+Qa, NaCpd+Ga, and
AmCo3+Ge., The only spactrum of KCoZ+Ga was collected in
Nujel. Three spectra of HNeCod+Ga ware teken tn Ka8r, kKC1,
and Mujol. The spectra of AmCold+3a were taken in CCl4 and
C6x at different concentrattone, Threa apectra of QQna
compounds are ehown in Figure 15, Thesese apectre include: a
gpectrum of MWaCos3+Ga .in KEr, a spectrum of AmMC03+GE in CCla
at concentretion of 52.09 g/L and a spectrum of AmCo3+Ga in
CS: at concentration of &1.11 g/fL. The peak tables of
theas &spectra are givan 1n Tablese X111 - xV¥.
4.1.1.4. Garmahium Compounds:

The compounds with Ge ae caentral atom include
KCoZ+Ge and AmCozZ+Ge., The apectira of KCo2+5% ware taken in
KBr, KC? and MHujol. Epectra of AmCo2+Gae were collected in

CClse mt diffarent concentrations. Two representative
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tra of theae two compounds are shown in Ffigure 11 and

ir peak tables are summarized 1n Tablea X¥I and XVTII.

concantration chosen for the garmanium aolution in CCl,

13.81 g/L.

5;1.2. Baarch Librariea:

A11 heteropoly compounds containing Kt and Ha* aa

sir cations ware identified by using the Nujol search

ﬁﬁbrury. The four compounds of tha "@" c¢lass of section

;3.3.1. warea alsc identifiad by the KBr and KC]1 search

;Wibrariea. A1l thessa speactra were searchad within 1095 -

ﬁ355.4¢ cm- !, All compounds containing [M{CrHis)4]* were

%identifﬁed by using tha CCl4 T1brary. But 1in this case,

| the compounds wore saarchad between 1085 - 10 cm-' and T40

f - 3156.44cm- 1, Total number of searched oata points and

' matching rasolution for these libraries are 2689% and 2.581

el raspectivaly.

i The working aeccuracy of the Nujol library is chacked
by matchitng a known spectrum of KCo2+3i againat tha spactra
storad in the library. The hit quality 1ndax 'HQI’ of the
KCof+51 spactrum, stered 1n tha library, wac observed as
0.000 (Teble X¥III}. Thia match wvarifiaed ths working of
the Nujoel library in idantifying a givan spectrum.

Two typical search rasults of ths unknown compounds
KCo2+P and KCoZ+51 in Nujol are shown ip Figure 12 - 15.
in case of KCol2+P, the HQI for the first hit i found to be

0.1738 aggainst the known spectrum of KCoZz+P [(Figura 12,
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Table XIX). Far the second hit, the hit guality i1ndax ig
%aqua] to 0.393 against the known spectrum of HwWeE+P (Figure
'$3). In case of KC02+51, the HQI of the firet hit ie found
:tu be 0.232 againet the known spectrum of KCoZ+S1 (Figure
14, Tabla XX}. For the second hit, the hit guality index
is equal to 9.371 for the known spectrum of KCold+5i (Figure
15).
4.2. Quantitativa Analyeia:
The study of abeorbance veriation with concentration
at two diffarant wavenumbara wes carriad out for mall five
compounds cantaining [N{CrHia}«]* ae thes cation. The
abacrbance plats versess concentration are given in tha same
prdar as bafore, i.e. in the +increasing order of atomic
meight of central hetgro atame, 1.a. firat plot i of B and
then 5i, 2Zn, Ga, and Ge respactively. For the eame central
hetaro atom, tha order of ealvent choaen is CClea &and CSz.
A1l tha plote were drawn within thae same 1limits of
concantration, ¢ - _Y0.00 g/L and abeorbence, 0 - 0,t8.
Hera, this abscrbante behavior with concentration s
described only for AmCo3+B in CCl4 and faor AmCoO3+Ga 1n CCl4
and C5z2.
4.2.1. Boron Compound:

For AmCo3+B solution in CCle, two graphse of
abgorbancs versees concantration {(given in grams of solute/
liter of selvent, g/L) were drawn at 949 cm-' and 9G1 cm-!

{Figura 1§). For both plote, the absoriance wBs cbsarvead
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+n ncreasing ordar with concantration within the range of

$.223 - 28.37 49g/L. In thie concentration ranga the
abgorbance proportionality constant, K, is given as 0.D0OI
'Lfg and 0.0039% (/g at 945 cm~1' and S01 cm!1 respectivaly.
Aftar that 1t suddenly dropped at 31.71 g/L and than again
.atartqd to increese up to the concentration of 35.34 g/L.
fTha iilnas 1im the figure are the best fit 1ines through
’theaa two concentration rangaa. The Tiret ragrassion
 analy=sie ia for the lower concentration data aat. Tha
_gacond ragreesion ijie for the highest thras concentration
points. Dete for these two grarhe are seummarizad 1in Tables
EX1 and XxII.

4.2 2_ Ailicon Compound:

For a enlution of AmCo2Z+81 +in CCl«a, two graphs ware
drawn &t 56% cm' and 909 cm~' within the concentration
ranga of 2.381 - 10.63 g/L. These two graphsa are sehaown in
Figure 17 and thair corresponding data are tabulatad in
Tablae XXITI and XXIV. Tha linee drawn in the graphe are
the best fit Tines through all the data pointes. The
regrassion analysie for these data points is aleo shown in
theesa tablaes.

4,2.3. Zinc Compound:

For a solution of AmCo3+Zn in CCl4, two graphs drawn
at 939 cm—1 and 876 cm1 are shown in Figure 18, The
concantration ranga for these two graphs s Z.38% - 1D.63

/L. The abecrbance and concentration data for theee twc
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Faphs are aummarized in Tablea XXV and XXvI. The lines

.;awn in the graphs are the bast fit 1ines through all tha
; ta pointa. The regreaaion analyeis for these date points
ﬁl alao ahown 1n these tableas.
;.2.4. 8allium Compound:
f For a solution of AmCo3+Ga in CCla, two absorbance
jylots wers drawn at 947 cm"' and 8832 cm-1 (Figure 18), The
;pnncantratien range for theee two graphs ia 7.449 - 62.09
;gHL iTeables XX¥II and XX¥III). Overall, the abeorbance was
;fnund to ba In inersesing ordsr with the concentration
3 axcept at the concentratiom of 38.86 g/fL. Thie overall
increasing trend of absorbance with concentration wae not
linear. But whan data points were broken into thres
segmente of concentration range 7.449 -29.85 g/L, 29.86 -
45.62 g/L and 45.82 - E2.09 g/L, then abaorbance was Found
- to be linaarly incremaing with concentration except at the
above statesd concantration of 36.66 g/L. At 94F cm-1, for
the firat two segmente, tha absorbance proportionality
conatants, K, are pgiven aa: 0.0010 L/g angd 0.0003 L/g. At
883 om-1, the valuse of K ere given as ang 0.0007 L/g and
0.0013 L/g rsapectively. The bmet fit lines through these
thrse segmants are shown in the figura. Algo, regreeston
analyaia of these data points 1s summarirzag in the tables.
For AmCod+Ga 1im CS:, two plote were drawn at 949
cm=T and 882 com~' (Figure 20). These two graphs were

plotted within the concentratiom range of 1.685 - 61.11 g/L
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T'ab1as XXTx and XxXXx). At both wavenumbsra, at low
;wncantrabrnn region of 1.885 - 7.971 g/L a very random
havior of absorbance was observed, From 7.571 - 54.77
3/ the absorpance was found to be incressing with
fdoncentration except st 42.40 g/L for B88Z cm~'. From 54.77
i+ 81.61 g/L, the absorbsnce was found in decreasing order,
A8 1n the pravious caea, within two assgmants of
f concentretion range of 1B8.59 - 42.40 g/L and 42.40 -B54.77
iifL, the abeorbance wae obsa@rved 1in 1inear increasing
; ordar. At 949 cm-!, the absorbance proportionality
1¢onntnnta, K, faor thaese two segmente are 0.0003 L/g and
 0.0028 L/g reepectively. At BB2Z cmy., the values of
- proportionality c¢onetante for theee two ranges are J.9006
L/q and 0.0033 L/g reapsctively. The aplig linee in the
graph reprosent the best fit linaa through the different
eatse of data pointe, The regression analysia of these
threo .aegmnntn of data pointa are ehown 1in the tables,
4.2.5. Germanium Compoundg:

For a solution of AmCoZ+Ge in CClsy, two graphe dgrawn
at 957 cm?! and %88 cm-' are shown 1in Figure 21, The
concentration ranga for these graphe 15 2.9894 - 13.91 g/L
{Table xiX1 and XXXII). The lines drawn in the graphs ars
the beet fit 1inee through all the data points. Tha
regression analysis for thaee data pointe 1s alsc shown 1n

thesa tablas.
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bacussIon:

The infrarad spectroscopic study was parformed on

heteropoly compounds of 1:12 and 1:11 Kaggin
A genaral formula was deviead far <Clearly
.a.c1fy1ng tha anione (section 1.2.1.}. Latar, thie
rfJle was found to have been reported by Pope [13]. In
I-ditinn to explicitly defining the numbar of addenda atom
d hetero atoms, this formula also specifies the position
o any ligand such 8& HxQ in the anion.
:h Btudy of the atructurs]l arrsngamant of atoms 1n
;huternpo1y anions of 1:12 class showed that they havae a
'tutrahadrﬂ Keggin structure with Tg as ths 5choenfliese
paint group. Whereas the anicne of 1:11 claee have 'pseudo
Keggin’ atructurea with Cs 88 the Schoenfliess point group.
j The applicetion of group theory to the Tu point group
i proved that for the aniona of 1:12 family, Fr ie the only
active mode. This fact is alsoc reported by others [1%, 20,
28). In going furthar in thies field, a method is suggested
to find the total numbar of banda belonging to the Ta point
groupr. Some authors [1%, 22, 28] heve raportad thisg numbar

to ba 22. Internal coordinate analyeis of HPA of 1:11 and

1:12 <class ahowad that tha anion of 1:12 nesds a tatal of
297 internal cagrdinates to completaly apecify its
vipratory motion. Of these 297 coordinates, 76 belong to

=tretches, 133 to bond angle deformations and 64 to

torsions. Mo intarnal coordinata 18 raported for out of
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:1lna bending because there is no mora than one bond which
¢ coplanner with othera. In case of HPA of 1:1%
;h paunds, a total of 343 internal cocrdinates are raguirad
designate 1ts vibratory motion. Of thase 303
bgoordinates, 7€ balong to stretches, 180 to bond sangle
kgoformations and 65 to toraicna. 1ln both cagas, the number
of coordinatas corresponding to stretchea directly rafars
to the numbar of tetal bonds in the aniens.

The jdantification of tha aightaan heteropoly compounda
?-uue- paerfermad on the basie of a few diffarent peaks in
fjthair spactra, These diffarant peaks ares cbeervad because
‘of tha different nature ©f central and paripharal hetsro
atome. Mogt of the peake in each spectrum of thase
compounds Aare observed to be the same becmuse a1l thase
HPA(a) hmave eimilar tungeatan adidsnda atoms. Alao, thsa
aimilarities of the spactra of tha HPC(a) etrongly indicats
that they heve idantical etructuraa [11). Tha
characterization of all spectra obtmined in thia etudy wera
asaigned by comparisons using 'fingarprint' methode.
According to Kazanekii, “on account of the complexity of
the atructure of HPA(s) in which varioue types OF matal-
oxygen bonde ars reaiized, the mssignments of the
absorption bande in ths infrared sepactra presents 9great
difficulties angd cauases numerous contradictory Jjudgamente”
[38]. Hanca, tha assignment of tha bands is performad

somewhat arbitrarily. xazanskii, mieo indicated that tha
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éjbration analyaia of HPA{s) can be performed on the
1-sumption af group vibratipne. But, according to Waakley
f:g], there may be a poseibility of intercoupling
vibration. In Yptercoupling vibration, twa sata of
Evibration can produce their peaws at tha same wavenumbar.
}In the presant atudy, this c¢oupling vibraticn may he
;batwaan addenda atom angd oxygen vibration and heverg atom
;.nnd oxyden vibration. Hence, HPA(£) do not fulfil the
| requirement for the appearance of group freguencies in the
apactrum.
Ganarally, +infrared epactra of the compounds were

acanned from 5000 - 200 cm-! At ma resolutiom af 4 cm-'.

R L ¢ " iy

Pocpa [f1] haa repcorted that the only region of interest for
HPA(a) 1i@a betweean 1000 - 400 cm~'. Gharplees and Munday
[37] suggested that thia region lies between 120D - 650
cm-?. Whereas Weskley [r9] stated that tha higher
wavenumbar regicn may be informativa for acme other types
of HPC(a). Btudy of the spectrs abtained in thia
investigation 1ndiceted that this region actually depends
upon tha nature of vibration betwaan hetarc atom and oxygen
gatom. This fact is aupported by the explanation given by
Kazanskii [ 36]. Dateiled study of the epectra obtainad
ravaels that far the vibration of hetarc atom and oxygen,
the ragion of intarest liea batween 1100 — 900 cm 1 and 850
- 480 cm- ', For the epectra of the eight dtffarant heterc

atoms usad in tha pressant study, this region starts near
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102 cm' besceause thae phoaphorous and oxygen atretching
g occurs naar 1050 em~!' (36 - 39]). Thea other end of the
f+:¢tra1 ranga s restricted to approximately 350 cm 1.
i.cause ralow thia value, interfering bande ware observed
%u& to tha diaspersive media.
For four compounds., KCo34B, KCoZ+31, HeCo3+Gma and
3¥Cu2+ﬁe, the apactra were c¢ollected ueing three diepersive
bpedia, KBr, NG, and Nujol. For a given compound, nearly
;1danticn1 spectra wareg observed in thase differeht media.
;Ih giffarant magdia for one compound, &ome of thae positions
:{nre observed to be aignificantly ehifted, In caee of
_flﬂa2+5i apectra, for moat of the bands the band positions
-;unra found to be ahiftad within plus or minue 4 cm?'. But
{ for aome other bande, this shiftihg wae found to be more
= than 4 om' (Figure 8, Teble VIII - Xx). Thie obeervation
suggeets an affact of the dieparaive medie on the poasition
of the paake. Wwanklay [79) etated that the differsnca in
abeerved peek poeitiona may be due to differancea in the
catione.

For tha spactra of one particular compound, mora bhands
ware obeserved Jin one dispereive medium e.g. Hujol as
compared to thet obeerved in enother medium e&.9. &£Br
{Figure 8, Table vIII - X). Kazranekii [325] alsoc reported
thia phenomanon. Thie obeervation cen be explained in
terme of how wall thas semple is disperesd in a madium, the

preferential orientetion of the molecules, and the particle
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of the sample. The inteneity of a particular band in
lgiven medium may eccount for this phenomenon. Al&o, en
.ur'ity in the compounds may ba a reaponsible for soma of
extre peaks,
gimilarly, the spectra of the HPC(e) Took identical
gthar they wera takem wsing pellet, mull ar aglution
'chn*iuue @.g. the apesctra of KCo3+B 1n KBr, Nujol!, and
14 {(Figure T, Table ¥ - VII). This etrongly sugoests
hat tha atructure of HPA(e) 1in tha solution e the asme aa
;%ut cbaarvad in thea crystal form. This obhsarvation 1=
ni!an raported by Pope ahd Yurchenko [tr, 40].
Far purposes of diecussicn, tha spectrel ragicn of
fintereat 1g limited to 1100 - 3150 em ! and peaks tebles
were obtaimned using the pemsk sansitivity factor of 20. The
f ost common bande observed in all spectra are because of
" tungeten and oxygen vibraticome., Some common bands observed
in 1100 - 800 cm ' are attributed to W=0 atretching [ 19,
g 24, 318], Hare, thia oxygan atom ia tha terminal oxygen
atem in a octahadron aa explainad in section 2.2. Weaklay
[79] reported that thera should be twoe bande corresponding
to this viboration in tha regfon 1000 - S00 cm Y. Mence, sa
in caee of the spectrum of KCo3d+B in Nujol, (Figure 7)),
where a peak 18 obearved at 918 cm-! this peak may be
agsignad to W=0 vibration. This observation of Waeaklay 1is
aleo eupparted by the satudy of Daltcheff and Thouvenct and

Teiedinoe [f2, 24]. But, Kazranakii [J35] observed only cne
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dug to w=0 vibration 1in ths ragion 1000 -300 cm!.

ior common banda observed in 800 - 350 cm™' ars assigned
H'H—D bending [2£, 35, 38). As for a specific example of
gpectrum of Hawd+H2 in Mujol, [(Figurs 5, Table ), the
r;t comman bends in 1100 - %00 ¢m-Y are at 108% cm-' and
Bt cm'. And for 900 - 360 om-', most common bands are at
a0, TTS, 72V, BRI, ©BY9, G5B, 457, 424 401, 3B4, and 374
T, Ths MNujol absorbance ppactrum also has a band at 721
'. But the intsnaity of this band obeerved in cesa of
PC(s) ahows that thie band also has some contritution due
wW-0-W vibrations. This band 1ia =ala® raported by
;u1tchaff and Thouvenot [24£). They alac notad that for
¥4:12 anions, thia band occurse at 740 cm !, They
Eintarpreted this Jowering of fraquency 1n terms of lowering
:of W-0O-W angle. The band observed at 889 cm '’ atlac appears
f in ambient carbon dioxide [47]1. But again becauee of 1ts
] greater absorbance in the heateropoly compounde &spectra,
§ thia band alao might be due to a W-O wibration. According
: to ABrown [22) the relatively high numbaer of W-0 paaka shown

by HPA(8)}) 1ie dua to the lower symmetry of distocrted wWOs

octahedra. Alsc, depending upon the sharing of the oxygen

atoma in a octahedron with its neighboring octahedra, each

anion hae three different type of wW-0 bonde. In general,

these are given aes: Z-0, I-C—X, and I-0-7Z, where X stande

for central hetero atpom and £ etande for addenda atom. For

1:12 anicons, Brown indigcated that the band near 200 em-' 18
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'ia to 2-0-X bonding. Hence, this position 1ie highly

ffected by the particular hetero atom. In most of the

pectra, this band was obdarved batwean 800 -~ BZD cm 1.
5imi1ar1y. he stated that for 1:12 anions, the band at 740
1 dapenda upon the nature of central hetera staom, In
'?ho prasent study, thia band ie always noted between 725 -
719 em-', which ie not a significent shift when compared to
the resclution of the spectra.

But Deltcheff and Thouvanot [24] explained that the
;bnnd batween 300 - 620 cm-! band feor 1:11 lacaunary HPA s
f due tc an antieymmstrical valance vibration of Z-0-2.
'ZHare, thia oxygen atom 1i8s one which 15 &shared squally
betwean the two octahedra of in the group containing a sst
of three octahedra (Figure 2). They alsc gave a
explanation fer the band near 721 cm . gimilariy, the
banda near B88C cm~' and 374 cm-! Aare aspigned dua to 2-0-2
bonding. For thees two banda, the oxygen atom 18 now
sharaed by each octahedron from a eets of two groups
conteaining three octahadra (Figure 3), For 1:12 anions,
Kazanskii [J38] assigrnad the band near 370 cm-! dug to
deformation vibration of both wW=0 and of the vibration of
antire anion. For 1:12 HPA(S), Kazanskii reported that the
intensity of band near 889 cm' is lass than that at &00
cm-1. In the present study, this s not always the caae.
For the same central hstero atom, the spactra of 1:12

compounds, i.a. Haw&+HZ and HW&+F in Hujol (Figure % and 6&;
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Boies I and III), and 1:11 compoungs, KCoj+HZ and KCoZ+FP
Mujol (Figure 5 ahd B; Tablee II end 1IY) were
L?firentiatad. A17 sixtesn HPCIiE) of 1:11 family used in
ig etudy have Co pa the peripharal hetero atom 1n its +2
+3 oxidation &tata. All of the 1:11 compounds ahow &
foak botwsen 613 — 819 cm-?, but this band wae not obeerved
the speactra of the two compounde of 1:12 family. Thisg
agests that this paak ie meoet probably due to e Co-0
vibration., A peak near thia range ia also reportead 1n the
;ipectra of cobalt scetate and bata-
fcarbonata(tr1nn}cahult{III} perchlorate [42] and in the
spectrum of sodium hexanitrocobaltata (TIXI) [43]. All
_:thrna of theaee compounda have Co-0 bonding 1in their
;atructuras. Brown [J38] reported a band a near 453 cm-1 due
ta Co-O vibration, but the band at thia position is aleo
abaarved for both compounds of 1:12 family and henca, it is
asaigned due to wW-0O vibretion.

For tha same peripharal hataro atom, the sapectra of
both 1:12 HPC{a) and the spectra of 1:11 family wera aleo
diffarentiated. For W'* as periphera) hetero atom in caee
of HW&+P (Figure 65, Teble III), three bande at 1084, 538,
and %23 cm ' ware observed, These threa banda mre not
obaarved in the spactrum of MawB+H? {Figura 5, Table I)}.
Alao 1n addition to three bands at nearly the same
peaftions, one more bend at 10587 cm?! 1is uniquely noted in

the sgpectrum of KCo2+P (Figurae 6, Table Iv¥}, This
ah



arvation suggeste tnat these bands ere most procably due
P-0 stretches and/or bDends. A band near 108C cm~' is
reported by several authors [36§-40, 44 - a8]. Al
agé Buthors nave assigned this pand to P-O stretching, A
, md at 1057 cm-! 15 slso obgservad in the spectra of otrer
smpaunds. But the intensity of this band indicates that
als¢ has some contributian due to W-0 ang f-0
Wibrations, o <caes of intercoupling wvibration ae msntion
pafore. For a lecunary anion of 1:19 hetercaoly anion
:ﬁnntuin1ng P as hetaro atom, Deltcheff and Thouvenot [24)
Fmsarvad the two bands of P-0 vibration at 1085 and 1040
‘em~1. & pand at 1040 cm' was not cbeerved for 1:12 anion.
¥ Thay 1ntarpreted this phanomencn in terme of splitting of
Lthﬂ bands becausa of lowaring af aymmetry from Ta to Cs for
1:11 HPA(®g). Tha bande at 5% cm~' and 823 cm' are
'Elaaignad due to a bending vibration of the P-Q bonds [ 12,
1%, 36, 35, 44j. For the AW&6+P spectrum, neariy all major
banda eround thne énmu poeittons are also raported by
Thouvanot et al, [#§]} and Karanakii [F6].
The paak dua to O-H vibration in Naws+HZ and KCol+HZ2 is
not obsearved 1n tha range of 1100 - 350 om-! (Figure &,
Tabtee I and IT?}. Thise peak has a8 high probability of

ocedrring near the eama positions as shown by stmospheric

water molecules in the region of 3550 - 3200 cm-' and alsoc
around 1600 cm ' [r2]. Hence, no asdditional attempte were
made +to Aassign ita band. But for the =ama anton of
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8+HZ, Deltcheff et al. [44] reported ceake agsigned to
at 360 cm ' and 430 cm~!. for the spectrum of Hawb+HZ,
j;1y iwo bands were cbeerved in the present etudy from 1100
903 cm ' &t 1055 and 841 cm ' whareas, Tor thie anion
Bazanskii [38) reported three bands at 875, 957, and 940
:-*1. This observation <¢&en pe interpreted in taerme of
[#awer rnumbar of cbeerved bande becauas of tTheir low
Mntensities as mentionsd eartier.
¥’ In case of the spactra of boron compounds, n addition
fto all opthar peaks due to W-O and Co-0 vibrationa, two more
iuniqua peaks are obeserved (Figure 7 and Tabla ¥ -vII). The
peak at 33) gm 1 18 due to stretching and another peamk
' between 500 ~ 531 cm ! due ia due to bending. For 1:12
i compounda, aeveral authors hava alac reported theae two
ppaka betwaen 4dTB - 8890 come? and 530 - Saop cm!
reapectively [38, 3%, 43). For the epectrum of KCp3+B in
Nuicl, a peak at B8i6 cm!' which seems to be dus to
intarcoupling vibration ie atec asgsigned to B-O vipration
(Figure 7, Tabls V¥I). This peak 3a 8igsc reported by
Deltchatf at al. [44]. For thia spactrum, a peak batwaan
a78 - 990 cm' was not obsaerved which may be dusa to low
1htensity.

In genaral, the spectra of s5ilicen compounda showad the
paaks due to W-0 and Co-0 vibrations ag explained aarliar.
But two charactaristic peake gra obsaerved due to 35i-0C

bondins betwaan 1001 - 997 cm~! and 525 - 829 cm ! (Figyre
)



nd Tables vII! - X3}, The firet band s due to 5i-0
etchiny and eecond is due to the corresponding benaing.
pr ¥:12 HPA(s), mome authors alsc repcrted two peaks due
$i-0 vibraticen near these two wavenumbers [rZ2, !9, J8-
g, 44 -47]. For tha lacaunary anien of the 1:11 enion of
J1icon. thase two pesks at nearly the eams wavenumbars
ve been raported by Deltcheff and Thouvenot [241. They
ve alsc repcrted a peak at 286 om ' due to stretching of
31=0 bond. For the spectrum of KLo3+51 in Hujol, & paak at
fﬂia cm-' g also absarved. meakliey [1%] ml1s0 reported m
‘peak near B19 cm' due to Si-0 vibration for 1:12
gompounda. Thi= again locoks to ba a case of intercoupling
vibratien.
In caas of the zinc compounds, only one charactariatic
Ezpeak batween 481 - 457 ecm* 16 observen due to INn-0 beonding
{Figure 9, Tabtae %I mnd XII). Brown [38] and Tsigdinos
[12] have reported thie bmand for 1:12 compoundgs conteining
Zzinc. They heve ;epbrtad another band dus to In-O
vibration at 248 cm1. This could not be confirmad in this
work becauee the instrumentation limite tha spactral range
te 350 cmt. No othar characteristic band in tha range
1100 - 400 cm~!' is noted for this bonaging.
For the gspectra of the Ga compounda, in agdition to
bands due to W-0 and Co-0 bondings, only one peak at 534
cm- ' gaeamse to be duse to Ga-0 vibration (Figure 1D and

Tables XIII - Xv}. This band at 535 cm ' 1is very
oo



asonable 1n r&lation to the bands of $-0, P-0, and B-0O
f1hratiuns at nearly tha same wavenumber, No other
aractaristic band in the rangs 1100 - 200 cm1 +i5 notad
inr thia bonding.

For the Ge compound apedctra, tha peak near 525 cm-' 18
due to Ge-O vibrations (Figure 11, Tables XvT and XVII),
I fhe p=ak at 460 o' 1is also reported by two authors [39,
f 44]. They have also reportaed ona more peak dus to Ge-0
natratching rear 815 cm ', A peak at thia position im aleo
;nuted and has already been meaigned to W-0 bonding. 8o, if
;this is true than thesa two peaks seem to result Ffrom

intercoupling vibration.

Identificatich of all the aighteon compounds waa also
parformed using eaarch librariss. Ae mentioned In tha
reaults section, four different 11brariae were creatsd
{ depangding upon the naturea of diapereive madia, namaly KBr,
KCY, Wujol, and CCl,. These Jlibrariea hava been uaed to
identify unmknown apactra in the spectral region 1085 -
356.44 cm'. The compounds with [NIC7H:s)al* a5 a cation
were only identified using CCl4 librery, because only these
compounde wera found goluble in solvante such ae CCl. [22].
While four compounde, KCo3+8, KCo2+5i, NaCol+Ga »nd KCoZ+Ge
ware identified uaing the KBr, KCt ard Nujol libraries. 1In
cace of the CCle tibrary, the searching was performed only

in *ha spectral region 109% — 810 cm-!' and 740 - 3A56.44 cm-
by



ﬁ This 18 because a strong cand weas cbaarvaed in 810 =740
¥l in tha abscrbance spectrum of CCla.
Tha working characteristics of each libhrary was tound
be dependent upon two factors: one je the totsl numbar
deta pointe searched and ancther 118 the matching
olution of two epactra., These two factors are rsalated
gach other by a formula given in section 3.3.8, After
jirtg many triele, the Dest spectral range for ssarching
epactra was found tc be 1095 - 356.44 cm 1. For
..amp1a. twg Nujel T1braries were crested. The firet Nujs)
T1brary ueed the range 1095 - 355 cm- !, The second library
tased the renga 1095 -~ 35§.44 cm™7. Using the first
;Iihrary, only 12 spectra out of 14 could be correctiy
Fidentifiad as the first choice. The epectrs of KCo2+B and
f KCo2+Ga ware not identified wsing thie library. wharaas
 uaing tha second library, all spectra except the epactrum
iuf KCco2+Qa could be iJdentified. For a total of 289 data
pecinte, the matﬂhiné rascluticon of first library is given
ae 2.561 cm', whereama Tor tha sacond library thie
resclution 1s given as 2.558 cm !, But fer the firat
library, whan the spectra were searched within 1055 -356,44
ce~!' with the same matching resoluticon then el11 fourteen
gpactra ware identified.

To check the working accuracy of the Hujol l1ibrary, tha
knownt apactrum of KCoZ2+51 was searched against the sams

epectrum etored in the Tibrary. The 'hit guality index'’
70



of 0.000 was found for this gpactrum (Table XYIII)},
ca, this corract matching of the spectrum establiaened
exact working of all craeted libraries.
wWhan the unknown apectrdm of KCo2+P was seerched
jgainst the MNujol saarch librery within the above stated
EJrking Timit, then the first hit number wae givan to ths
.-nwn spactrum of KCo2+P with HQI, of 0.138 (Figure 12,
nlhia XIX). The second hit number weae given to HWO+pP,
XFigure 13), with HQI of 0.393 because only these two
dhpoungs hava the eame cantral heterc atem, P, The onty
EHiffaranca in thesa compounda ie the paripharal hataro
lltnm. In first casa the peripneral heterc atom 1 Cof+
while in the second ceee W+ is the peripheral hetero atom.
Ugs of the HNujol library rasulted 1n Aaccurate
f differentiation of tha compounds having the same central
. hgtara atom and nearly tha same paripharal hatero atom.
. Wnem the unknown epectrum Of KLo2+B1 was eaesarched againat
the nujol library tﬁan the firet hit nymbar was found for
the known spactrum of KCo2+5i atorad in the library with
HQI, of 0.232 (Figure 14, Table XX). The second hit numbar
wag found for KCo3+5i with HQT of 0.371 (Figure 16). This
ggarching locoks to be obvicus bDecauss out of &all the
epectra in tha Jlibrary, only thees two Known spsctra have
the same S5i ae central hetero atom. Moreover, poth thase
compounds have aame peripheral hnetero stom, Co, but in

different oxidation states.
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. In both eearch results, very close values of HQT's for

known spactra etored in the library show how cloeely
ir gtructuras rasemgle sach other {(Tables AVIII -XxX].
The hataropoly compounda ghow A vary unusuai absorbance
Phavior with the chenge 1in concentration st m given
A elength and pathlength. These abaornanca msasurements
ra performed only on the filva compounds containing
M{C7H15)4]* ms a cation. Ag described earlier thess
mpounds wara found to be soluble in non-polar solveants
pike cCle snd cs2.

Thae sbaorbance study was performed using a new weighing
hemo which may ba known me the ’Method of Continuous
_ flutians’, The working deteila of this schame are given
th sectian 3.3.4.1. Two major assumptions were used for
tha uge aof this schema. Firet, the rate of evaporation of
[ the s80lvent throughout the duration of experiment e
l negligible ss compared to the tota! waight of the solution.
Sacaond, the su1ut‘iu;1 is aasumed ta ba unifaorm during ths
-: course of the experiment. Thia &acheme has thres main
| advantages over the 'traditional weighing method’. First,
thie scheme raduces tna tote]l number of waighinge for
collecting the givan numbar of spectrs. For axampla. +f
the genaral weighing scheme is used to c¢ollect ten apactra
then thea number of weighings will be 30. This new sCheme
has reduced this numbar to 21, Thua in addition to

reducing the sourcee of error due to weighings, this new
T



hase the additions]l edvantage of &aving thne
rimental tima. Finally, thia new achema haa
" ificantliy raduced the amount of sample used. Bacause
-h'igh cest thise adventage ia wery notablse for tungsten
heis).
To Jjuetify this naw schama, itwo methode wera amploryed
a tripalmitin eyetem which was known to Obsy Bear's law
Two graphs of ebeorbance verses coricentration were
'.rahrn for tripalmitin selution in CCle At 1748 cm-' (Figure

;'E, Tables XXXII1 and XXXIV¥). One graph i6 drawn using the

firaditional weighing technique snd another ie drewn using
kthizs newly davised =schems. At 1746 cm-1, Tha infrared
.lpactr‘um of tripalmitin showa a cheractaristic peak dus to

;nurbonﬂ group. Griffith [8)] has mentioned that at 1737

ar' tripalmitin showse a4 Yinear incremes of abacrbance with

" {ncrea@ing concentration wheh dissolved 1in chloroform.

.

wWithin tha axperimental coacantratjon range 1.45%0 - 9. 482

g/L, botk grapba ei:low thse linear incresee ¢f absorbancs
with an increase 1in concentration. The &lopes of these
plats were not tha =same. Thie diffarence in slope ia
probably due to change in pathlangth Decauee the cells were
cpered in bhatwean +two experiments. This shows that the
rasulte from the new schema ara 1n good agreemant with
those ovbtained using the traditicnal waighing schems,

Aa mentioned in resulte section, the fiva compounds for

which the absorbance satudy was performed are: AmMCo3+B,

-
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Poz+5i, AmCo3+Zn, AmCo3+Ga, and AmMGoZ+Ge. All compounda
e dissolvead n CCla. In addition, AmCo3+Ga was slso
igsolvegd in Cér. For aach sample, two plote ware drawn at
different wavanumbers {(Figurea 16 - 21, Tablea XXI -
TIII}. The banda at these two wavenumbara, as deacribed
lier, are due to W-0 vibraticne end are free from eany
gher interfaring band of the spectrum, In case of 51, Zn,
d Ga. concentraticone werd variab within the rsnge 2,351 -
24.55 g/L. wrile for B and Ga compounda, thie
Boncantration was wvaried batwaen 1.665 - 8),88 gsL. Thase
pncentracton ranges were arbitrarily chosen.
At low concentrations, all compounds except AmMCol+B,

+ (Filgure 18}, ahowed 8 significant deviations from the

. norma’ behavior of absorbance with incraseing
concantrations i.m. from thae Daer‘e Law 1in  that
concantration ragion, Thia ’'ecattering' may be due to

changea 1n chemical and vibraticnal bahavior of the HPA(a).

For plots of AmCcod+B at 949 and 901 cm', the
abaorbance linearly 1increased within tha concentration
ranga ©f 8.223 - 28.37 g/L (Figura 1&, Tables XxI and
XxII). From 31.71 - 329.34 g/L, anothar increasing trend
was obaerved but with a different absorption proporticrnal
constant, . For a gliven HPC at a given wavelength and
pathlength, these different wvaluas of K indicate that the
proportionality  constant 18 aleo changing with the

concantration. Similarly, all cthar plots show  any
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;icuiar 1inear increasing trend of abaorbsnce with tha
“'] exparimental concantrstion ranga. But, wh&n thie
 reas1ng trend of ebsorbance 15 divided into parts then
hin each part, the absorbance dosa ncrease l1inearly,
f:t phencmencon 18 much more proncunced in the caea of
.E-3+Ga when diasolved in CS52 (Figure XX, Tablaa XXIX and
v'}. In thie aclvent, for the concentration range was
.,BE - 54.77 g/L three beet fit 11nas were drawn in threa
fncentration renges ©f 1,668 -18.55%, 1B.59 - 42,40, and
H.4G - 54.TT g/L. The Tfirat beat it 11ne ehowe the
wcattered’ behavior of absorbance, But the later two beat
Fit 1l1ines c¢learly show the above &tated sbhsorbance
Prenomancn.
In deriving the sabescrbance - concentraticon relation
't{.9. Beor’s Law:
| A = K ® C
£1t ig sssumed that tne absorbance proportionality constent,
;K, is only a function of wavalength of incident raedimtion.
¢ Howaver, in casa of hetercopoly compounds the different K
jva1uea at diffarent concentrations suggaat that this
constant aleco depends wupon the concantraticon. In othar
worde, for heteropoly compounda tha Beaer'’s Law can be
writtan sas:
A = K(C} x C
To i1lustrata that diffarent vibraticons bahave

differently at wvarious concentretiona, a plot wae drawn for
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Bo3+Ga in CS: betwsen paak positions and concentretion
Fgure 23, Table xxXxX¥}. Hare, peak positions rafar to tha
penumber correspondirg to the second highest ralativa

whan the originel ebsorbance at differeant

Morbance
entrations for all wevenumbere 1s normalized with
pect to tha absorbance =t 882 cm!., This graph shows
it thmse pask positione veried in nearly the same faahion
the original absorbenrnces have shown with concentretion
:1gure 20, Tables XXIX and XXX}, IT thie compoungd e to
;}-r Bear® |Lew then thease pesk positions must be obeerved
tha sames wavenumber, Thie ie becsuse the absorbances of
iIT pegaks should change 1in ona particular ordsr, Thie
planation clsarly +irdicates tha diffesrent behavior of
fyarious vibrations in  the solution at diffarent
peoncentrations.

In case of AmCold+B 1ih CC14, tha peak gpoeitions of
::mond higheet relative abgorbences were obearved at the
f same wavanumber, 901 com ! when the original absorbances
_?-ure normalized with respect to the abeorbance at 831 cm-1
{Figure 23, Teble XXX¥I). Thia obeervation indicataer thet
tharse 1g Some cther phencmansa 11 ke aclute-aclute
interaction, saluta-soTvent interescticn, chamical
msscciation, and/or chamical dissociaticon taking place in
the sclution at different concentrations.

For all absorbance varses concentraticn plots, the non-

zerc intarcepts on Y-axis may be due to diffsrent values of
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abeorbance proportionality constanmt, K, at different
fpantratinns. Aleo, nonequivalant measurement conditions
taking the roefsrence and aolutioan spectra may account
these non-Zaro intarcapts. These nonaquivalent
pasurement canditions are due to the concentretion valusa
eoclvent in the raferencs and esoclution epectra, Ag
tad in section 3,3.4., befora taking & solution epectrum
ipreferenca gpactrum of thea dispersive madium wae
i}llucted. In both casaes, if the amount of soclvant s
}iffarant then different absorbance valuses wirl1l be recordad
ar expacted. This difference 1n the expactaed and the
fbservad ahsorbarncea valusa may account fTor nonR-zero
fntercept.,

i At tha highesst exparimantal concentrationsa of 813,11
IIIL, {or 11.62x10-2 M, if thara 1ie no any watar of
F hydration presant in the compound), in caee of AmCo3+Ga in
E 8y (Figure XX) and 13.91 g/L, (or 2.8B7x10-? M, if thare
42 no any water uf.hydrat1on prasant in the compound)}, 1in
case of AamCogd+Ge in CCla (Figure XXI), an unaxpacted sudden
grep in absorbanca was obsarved. Without having aoms more
paints beyond these concentrations, nothing should bpe
concludad. But, this pecuiiar bshavior of abaorbance hes
raisad some uncertaintiee about tha chamical nature of
thesa two compounds. & poesible axplanation fTor this
pheervation ie given by Ingle and Crouch [41]. According

tg tham, at higher concentraticons a significant portion aof

T



incidant radiation is absorbed. A fracticn of this
orbed radigation ig convarted to Fflucrescencse and
paarvad by tha detector. Thua, the observed radiant powar
the sample 1is highsr than expected. Thie change in
:.p1e radiance power causea the Jlower measurement of
j-sarhanﬂa.
For a sample toc chey Beer's Law, the peak for which
abecrbanca - concantreation plot is drawn, must always
pocur at the same wavenumber i,e. thare ehould not be any
aak shifting. But for AmCo3d+@a 1in €5z, &t Jlow
Boncsntrations the peak at 94% cm' 185 found tc be shifted
aither side by 2 cm~' (Table XXX¥II1)}. The reaclution of
y#he cpactra is 4 cm-! but this shiftinp can be a poesible
causea of the observed scattaring of the abscrbence at low
cancantracioh and of the deviation from Beer’s Law in
:lanera1. Griffith [8] mentionad that this type of shifting
;of peake may be due to instrumantal! error, Thia typa of
:inatrumenta1 error 1n FT-IR may occur 1f the wvelocity of
?nnvab]n mirror in Micheleon optice ia not uniform,
jnccording to him, for the spactra obtained from FT-IR in
ﬁ.additian to etray radiation, ineufficient reaclution may be
a possible cause of obsarved deviation from Beer’s Law.
* But the peak shift in case of AmCo3+B 1in CCls 18 not
cbeerved {Table XXEVIII), Hance. thie obsarvation has
ruved out the first poseibility due to Instrumentel error,

Aa mentigned earliar, the sgpectra woere ccllected at 4 cm-1
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) pxlution. Therefore, to Jjuatify Griffith’'e explanation
ineufficient rasolution, furtheér etudy needs to be done
tha maximum reaolution, of 1 cm 1.
Multiple reflectiona of the infrarad radiation at the
;u11 of the windows may explayn the unuaual high abeorboance
'or AmMCod+Zn in CCls for both wavelengthe st 9.858 gsfL
MFigura XVIIL), Bacause about 4% of the radiations
reaching the rear cell wall - air interface is reflected
foack into the call and pasees through the solution. Most
_rn‘f thie reflected rediation pasees out of the cell:
?honavar, ahout 4% of the radiant s raflectad off the frontc
[ ce11 wall - mir interface and than paeess back through the
| golution. In thie way, the reflected ray expgriances a
* pathlength of threa times of the sapmacer thicknesa and
}nurreeuonds to 0.186% of the direct <tTranamitted bsam.
'Hanca, the net result of multiple raflaections <auges tha
higher value of thie obsarvad abeorbance tharn sexpected
" because part of the monitored radiation ie absorbed more
strohgly due to the enhanced pathlength,
| The variability in the pathlength travereed by the rsys
of tha incident beam can also cause the deviation from
Bear’'s Law, Thickness megesuramant of Teflon spacer which
was ueed for colilacting the spectra indicated that it s
not uniform st all point=., The thickhasa of the apacer was
found to 1ie between 55x10°% - 45x10-% m.

The infrared spectra of AmCo2+51 collected at three
74



_iferent timas ratsed some uncertaintities sbout irs
lhility with reepact to time and perhaps, with respect to
?marature (Figure XXIV¥). Threa infrared epactra of thia
pound teken 1n CCls at approximately one month intervals
i- ed the appearance and/or the disappeerance of some
Hika. Thasa spectra were collected for nearly the same
centration, 10.65 g/L. This unigue behavior prcobably
hpdicates that during this time intarval there was Bsome
composition occurred which resulted in the appearance and
'?suppaarnnca of the paaks, This behavior also suggesata
Rhat to justify thie explanation some more stuties need to
j. dona with other compounda at Jdifferant intervals of time
d at different concentrations.

Ona way toc give some more supporting evidences to this
EabiﬁrVﬂd peculiar absorbance behavior 18 to messurae the
frufrnctﬁva index, n, of the weolution at diffarent
-?mﬂmentrutiuna. If aomé 1Inconeistaency ije obaerved in the
%changing beravior of refractive 1index, which ia generally
! due to the raflection loss at the cell wall and solution
interface, with concentration then the proportionality
: constant, K, must be modified in terms of K' as givean

balow:

K' = K » {n/f(nt + 2)2}

The changes 1in rafractiva index can also cause the change

in position, Biza, and solid angle of the ray transmittad

to the detector [41].
&0



gacond sudgested way 16 to do the conductometric
pasurement of the scluticn at diffarent concentrations.
;ha nacaaaary requirement for & compoynd to giva 71ts
 nfrarad apactrum i that the™a should be a change in
dipcle moment during the molecuwlar wibration. If some
:Ehangaa in conduction measuregment Aare ocbserved then that
:nnr bs a poseible caues for the ehifting of pesks. ARy
Fehange n conducticon megauramenta will definitely changs
;tha dipocle moment in some unexpected way beceuse dipole
moment 18 the vector product of charge and the
¥ diaplacemant.
éThe hateropoly compounde ares atable in moderately acidic
- solution but unstablse 1in bgaic sGluticn (section 1.2.4,);
.tharefore, another auggested way ta to madaura the acidity
g of ths eoclution at different concentrations. 1f the
acidity of the 8&oclution ja found to be aignificently
changad, then this may be a pceeible explanation for the
observed deviation from Beer’s Law, and for the appearance
and/cr dieappearance of some pasks as obgerved in case of
AmCo2+51 spectra in CCl: collected at three different

times.
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F1GURE ©-

Two Spectra

of

Phosphorous Compounds
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FIGURE 1.

Three Spectra
of
Boron Compounds

Koo+ D ond AmG o3+B
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FIGURE &,

Threa S5Spectra
of
KCo2+5i
in

pifferent DiEpeTEiIve Madia
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FIGURE 9.

Two Spectra

of

Al
N
f
3

Z21nc Compounds

ECo2+Zn and AmCo3+Zn
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FIGURE 10,

Thres spectra
af
Gallium Compounds

MaCod+Ga and AmCoi+Ga
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FIGURE 11.

Two Spectro
of
Garmanium Compounds

KCo2+Ge and AmCQ2+e
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FIGURE 12.

Two Bpactra
of

Known KCo2+P and Unknown HCo2+P

Matched Using

Mujol Search Library
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FIGURE 13.

Two Spectra
of
gnown HWG+P and Unknown kCo2+P
Matched Uaing

Nujo1 Search Library
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FIGURE 14.

Two 3pBCLra
of
known KCo2+51 and Unknowh KCo2+51
Matched Using

Nujol search Library

ek
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FIGURE 15.

Two Specitra
of

Known KCo3+61 and unknown KCo2+B1i
Mgtched Using

Nujul Search L iprary

oY
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FIGURE 16.

Absorbancs v8 concaniration Plote
tor
AmCo3+B in CCls
at

g48 cm' ' und a1 o’

Empty DOX : pata at 501 cmr!

Filled box: pata at 943 car?

First asgment : 8.223 - 2p8.37 9/l

second aagmant: 31.71 - 368.34 @/L
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FIGURE 17.

Absorbance Y& Concentratioh P)oLa
for
ARCO2+34 in CCla
at

gt cm- ' und 8909 cm- !

Empty box : Data at 909 cm?

Fillad box: Data at #61 cm’
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FIGURE 18.

Abgorbance va Gnncantratinn Pl1ots

for
AmCod+Zn 1in cCla
at

g99 cmt and BT cm-?

Empty POX pata at BTE em- 1

Eilleo box: Data at 933 cm 1
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FIGURE 19,

ADsorpance Ya cancentration Pl1OLS
for
AmCo3+Ga in CCla
at

947 cer ' and 883 cn- 1

gapty box : pata ot s33 cer '

Fillad bos: Data 8t 947 - !

Firgt segment I 7.448 - 29.86 g/L

Sacrond gegmant: 29._g6 — 45.62 a/L
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FIGURE 20.

Absorbance ve concentration Plote
tfor
AMCoa+Ges in CBz
at.

949 cm ' and agz cm

Empty box : Date &t aaz cmr?

Filled box: Data at 948 cm- 1

First sagment : 1.885 t8.59 g/fL

socond codgmont: 18.50 — AZ2.40 gL

t

Third segment : 42.40 54.77 gfL
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FIGURE 2%.

Absorbance ve concentration PIOtE
for
Amc02+32 in CCl4
at

957 cm ' and 885 o 1

Empty box : Data at sl cm!

Filled pbox: Data at 957 cm?
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FIGURE Z2.

Absorbance va& Concentration Plots
for
Tripalmitin in CCld
at

1746 cm~' for Technique Comparison

Empity box : Data for traditional welghing technique

Filled hox: Data for new waighing tachnigue

LOE
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FIGURE 23.

Two Plote
for
5eacond Highest Ralative Absorbance Pask Position
va
Concantratian for

AmCo3+B in CCYy and AmCold+GA in C3z

Triangls - Paak pogaitions for AmCao3d+aa
Filled boxes : Peak pogitiona for AmCol+Ga
Empty boxes : Paak poaitions for AmCol+Ga

Empty boxes with croas : Peak positions for AmCod+Ga

shaded crossen : Peak positions for AmCO3+8
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FIGURE 24.

Thrae Spactra
of
AmCoZ+Gi1 in CCls
far
Naarly the Some concentrations tollected
at

Threa bifferent Timps
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AFR-EHDIE B - TABLES

lable 1

Peak Tablm
tor
NaWa+Hs Spectrum
M
by 1ol

Pegak Sen=itiviby Factor: 20

Poak Aelacive

cm= 1 Absortancs atrourbancs
1088 (. 027 Q.70
41 0 ORA 0 74
REC L1972 O,.R45
773 o.121 o, 998
TG O 127 L.oQ0
721 & D95 O.7868
483 O.084 O,5%F
BED 0.0%946 O, FP2
[aYu]. ) O.Q7TC Q581G
473 0,062 O.51Z
457 O.0oB 0,543
al19 0090 0. 747
A% a.082 o &F2
JH4 0,074 O m1l
LY 0. 0979 0.8B12
370 . 0 0, /56
361 0. D90 O 742

1049




Takle 11

Faak Tabla
for
KCoJZ+HZ Speactrum
in
Mu jol

Peak Seansitivity Factor: 20

Peal RElativme
cm- 1 Abk=orbanca AbsorbEance
1044 O . 002 O.03X
1009 o.002 O.0486
9x7 .17 o.332
232 0.047 0.332
Ba7 9.03Q O. 582
775 O.02E8 Q.555
a2 O.02% o.582
792 0.0l9 C.373
&£38 o.Qle O.X7a
573 o.0L17 0329
&ss o.019 O, 3864
&3 0.0l9 0,374
S0R 0.019 O.Is57
550 0.Q20 0.393
516 0,020 0.385
4856 0.020 0. 380
447 0.023 0,450
448 Q.028 D.50F
432 0.026 0. 511
474 0.02% 0. 556
411 0.026 Q.43
405 0.026 0. 5405
227 Q.021 0,416
C 380 0.024 Q.473
| 372 0.023 C.44%
366 0.037 0.724
35l 0.03% O.&87
353 2.051 1.0



Tabla IT1

paak Table
tor
HW&+P Spectrum
in
Nu jol

Feak Sensitiviey FaclDr: >

g Ralative
cm—1 qoscroance akbagrbanca
1080 0.054 0,009
382 0,078 0. 7&0
ag3 QL0559 0.575
BO& G.107 I vlvlr
51 Q. 0R8 0.85%
6655 o.0ll .10
gt o 0l 0.110
52T .02 0.121
223 o.0u3 0.127
915 0 .0g Q.00
478 D.003 Q.0I1
4E£5 Q.02 0.02%
415 O.002 0.017
4035 0,005 0.04%
354 O.0d41 o 401
e dx! H_.042 Oo.q41F
IFC (¥R YA O.351
Isl 0,042 0,410
57 0. 043 n.422
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Tab:le [¥

Eeak Taslwe
far
¥COT+P Spaclirum
inm
Mo il

Paak GenslLivily Facbors 2

Halative
PRI R SN TS pbzorpance
L I I L5590
0.053 O.674
0. o7 1.000
D.05Z Ta I .1 N
Q.072 .7l
0. 074 Q. .5355
OO ] . .o2E
g.078 Q.X54
0.022 o.z2dl
Q. 025 0. .521
O.025 D.51l&
Q.0%L 0.270
C.01A o231
.05 0.lEB
0,aLy B.2Id
0. 0CZd Qo307
p.Re? J.%71
0.057 g.71%
.48 0.501
o.055 Q.53

11X




Peakr
cm-1

el
949
BRS
BoE
&5
%
€47
509
q1z
“BKB
76
il
3&l
153

Takble W

Poak Table

Tor

ECoid+R Spegchrum

in
kB r

Daak Sernsibivily Factor:

ADsorEance

¢ Iss
584
CoGaT
.88
L.ogsa
G.454
o361
0.453
.32l
£.535
c.5%5
2. 634
C. 588
. 559

L13

FRelative
phsorbance

(e, 722



Tabla VI

Pagk Table
1or

Ko+ Soectrum
in
Mu jol

Paak Sen=itivity Factor: 20

Re_ative

B B E R - T
Elali e Sl ks Tl Dl b e
. TR R o e. T TR R R TR

o e ewEe e R TR R

Faak

cm- L ansarbance fbsorbance

1078 0,020 O, 262
5. 0. OF0 O, &FH
i G078 O.670
aA395 & _.080 0. a7
810 o . 076 Q. u87
TEB 0O_NI9 0. =B85
72T a.115 1.000
&87 D.0A2 O, 304
L85 O.0IR O 130
529 o _0a0 0, 24L
SO0 O 03l C. 260
484 O.025 O.218
4T8 D15 O.128
4.X 0.0zZ0 Q.171
q03% 0029 Q. 255
IAnA D.043 o_37%
5Th 0,045 0. 369
I5X O.1¢4 0. _a%7
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Tabta YI.

Peak Tablie
tor
amco3+E Spectrum
im
ccld

copcentration: 39.34 g/L

pmak Semeitivity Facotor: 20

Faak

om-1 Aodaocrbance
10585 6.013
G931 0. 030
o4 0.Ll27
ol . l6L
85Xl 02?60
T25 TR lL )
aF2 0.012
= QL7
&42 0. 002
585G Q. 003
532 o.oLF
511 0.010
476 G.003
471 0.005
459 $.004
451 $.005
444 0.007
422 ¢ 020
g0 0. 0OF1
376 G, 044
258 &, 025
5] g.917

z53 C.004

Halative
Ap=sorbanca

0.0350
D.11l%
0.508
0.54%
1 .000
0.102
0. 04h0
0.2
0.007
o.0ll
0.07s
0.041
o012
o.021
o017
0.021
o028
g8l
O _TRS
0.177
O A0
0,088
.08



Jacle wTIL

focak Table
for
EoieyA e Speac! rom
in
i 4=0

pear. Sensitivity Factor: ow

P Meylab i we

cm=1 Apb=nrbanca ahsrrbancA

[ R —
I? Q. 502 o_.205
%53 0,560 2.5334
0L 1.5938 L0020
BQ2 O824 o.77E
Fuo LI Y Q. FRgd
TE7? O.RI& o FeD
T c. 73 O.01%
T2 o.&77 . 6d0
ADZ 0.7%A 0y 2RZ
588 O.294 G.278
512 o.d418 .35
529 O.42%9 0405
424 0. 247 0,233
L I T B . 5i5
366 O .681 . 643
ILE o &0l r.Sd3
X5% o_oB36 0. &20
351 0 _525 0. 495




Table Ix

Peak Table
tor
KCoZ+5i Spectrum
1mn
KC1

Paak Sern=itivity Factor: 20

Faak Relative
cm- 1 AEsorbance Abhsarbance
97 L T, D.TT0
25X C.A41 O, 497
201 1.6B5 1.000
ao4 1.2%5 0. 7&8
FAT 1.274 C.756
rup 1.033% C.&13
F0a 0.99E5 0.590
&£00 G409 0,245
540 0.520 0_.350
525 £.582 o, 346
488 0,487 . 277
4 1 0.3a?2 8.20%
370 1.915 Q. &02
JE5 1.058 o.62R
51 O.762 0.452
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Tabile X

Fmak Taple
for
Kco2+51 Spectruom
in
Hu jeorl

peak Sensitivity Factor: 2C

Paak fletative
cm L sbsorbance Flimoar s
—_— I —
100 0.004 0.11%
59 o.015 o.287
05 0. 026 0.%11
aLo 0. 018 0.355
Fi N 0,018 0.357
PALNY 0,018 0O.E57T
LS O, 0.5 0 256
aaa9 0,017 LI
&£ &8 0. oCE LT T
12 0, DCe 0.105
480 0.0Ck o 35
4&7 0.0o2 0. 0d4d
42& 0.003 D.0Cd3
41E 0 .00% o.111
403 0. 008 f.1b2
iv3 Q.02 a.7233
382 O 0N G, 308
ITE g .a2a a. 3395
57 0. 05 L. D00
is1 o022 0.427%
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Table *I

Poak Table
for
KooZ2+In Spectrum
in
Hidnl

Paegk Sen=itivity Factcr: 20

Aelative

Faak

cm-1 phsorbance AlEo by anl e
939 0,094 o.701]
aac o, 103 0.771
To9 O, 106 0.7%&
Ja7 O.1l1l5 O.8&!1
Tl 0.120 O . 901
S ES O Qo9 O.7d1
&55R o_07A I
617 Q. 055 O.408
473 O.063 o.473
457 a.0O7F) 0.533
q1< Q.07 Q.552
299 .08l o.458
et C.0o% g .420
374 o.094 o. 102
370 0.CBB 0 .647
399 O.105 . frd
353 0.134 L.000
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Paak
cm—- 1

IRe LA

1051
737
87s
a8zl
822
725
&9l
&&7
454
&35
€13
577
£48
532
527
517
448
478
373
451
438
419
413
597
3PZ
B4
I7&
IsA
Ia5
357

Table XII

Paak
fo

Takla

r

amCo3+In Spectrum

im
cCl

Concentratio

4

[

14.585 g/fL

Faeak Sensitivity Factor:

fAbsorba

nce

oL
o.
O,
o.
0.
O,
oL
Q.
o.
O
o.
O,
o,
oL
oL
oL
Q.
LI
Q.
a,
0.
Q.

oo oo 000

o05
o004
o227
032
ol2
o135
ole
o07
o0
el
o4
o0g
o05
o05
e
o05
05
05
o0&
o7
ol3
o0s

004
005
004
.o
L0093
.Ol1Z
LOl&
.01l
033

20

Relative
Absorbance

Q. 140
0.137
O.A824
o.971
O.573
G.394
C.554
OL209
0.201
C.182
o.132
0.135
&.151
o.133
o.174
C.158
0.143
G140
O.18&
Q. 198
o.3%98
0,272
c.119
C.1582
0.133
C.244
C.25H
0.351
C.d81
0.3al
1.000



Feak
cm—1
10457
%57
545
BB9
BaC
Bl4
BO6
FAX
121
&9
580
159
Igs
74
aA70
X4l
155

Table XKTTL

Feak Table
for
HpCoI+Ea Spaclbroumn
in
Mujol

Pagh Sensitivity Factor: 20

Ap=orbkanca

Q32
L0500
.50
L04E
. 045
LDag
. 044
. 044
el
.48

OooOODoooDo o0

oo
k3 LA
a8

o)
=
K
o

o.037
o.0Z4
g .Q30
0.049

121

Relative
atzsarkance

QDODODDDHGOODQODD

.51%
.BG4
.B0s
.732
726
.7o7
LFOT
el
L0Q0
LTes
.55d
.4d4
313
597
.5%1
.483
.784



Tabie XIV

Peak Table
for
ANCo3+Ga Spactrum
in
ccld

Concentration: 5zZ.09%9 g/l

Peak Sansitiwvity Factor: 20

Peak Ralative
cm-1 Aabsorbance Abcsorbance
10771 O.01L7 0.208
10589 0,017 .28
10354 0,010 o.131
947 0,052 0,782
883 0079 L0000
329 o 047 o.52l1
820 0,057 0,774
41 0. 052 o.77a
723 0.078 0.%F77
L6 0.011 0,144
&50 o 00 o.11l4
&37 O.007F o.085
594 O.008 0098
548 0.012 0.148
534 0.011 0.13&
517 O.Q08 o108
qd 7 0.007 O.093
478 o 008 o 104
471 0o.011 o 140
451 0.0Z8 0.357
G O, oo o.119
a7 G .Q0% c.117
390 0.012 Q.151
374 o.050 Q.e2s
Isl Q.038 Q.d477F
355 Q.0X1 Q.I9l
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Table X

Pezak Tabla
tHr
gmCo3+Ga Spectrum
in
L

concentration: &1,11 @/L

Peak Sensitivity Factor: 20

Faak Helatbive
em-1 pb=orbanc= Ab=aorbance
L2711 0.028 0.298
1455 0.028 Q.3%302
Sd4d9 O_072 n.771
Baz a.09% 1. 00D
Aal4g 0. 087 0.934
781 o087 0.934
725 a.0s8 o.70d
YA 0.0D3% 0.374
&5 Q.0Z%4 0. X&9
47% a.022 0.232
a5/ D.0%5) 0,551
448 Q.0x2 D.X4B
419 0.025 O.274
oy 0.04g1 G 443
320 0.028 0.297
174 o 0582 O._.556
70 O, 046 O.498
L6 O_04dl O_447
355 &.0L0 0.319
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Table X¥I

Fark l1able
frr
KCozZ+GE Spectrum
in
Kb

Peak Sensitivity Factor: 20

FRak Felative
om-1 absorbancg Absorbance
951 O.Had O.&F7
B75 L. aey 0,878
gl2 1.210 1.000
FID 1.08&R O .RARS%
T4l 1.005 0. B350
eIz 1.000 0.827
£87 o.997 oL 224
SRd4 0.477 0. 334
525 0.273 D.473
457 o, Tz20 a.5%5
419 0.535 o.A442
418 0.527 0.436
399 0,300 .45
279 0.996 H.8z23
363 1.011 0.83&
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Table xX¥II

Feak Table
for
AmC.oZ+Ge Speetrum
in
MU ol

Concentratdon: L3.%1 gFfL

Peak Sensitivity Factor: 20

Peak Relarive
cm= 1 Ac=orbancs Abenrbanca
o5y o.013 O.244
HAS o028 Q.XI55
B24 o019 0H.245
B1r4 o.019 O.C°2s
Fle O.015 0.193%
&7 O 072 O, 2H4
S5 O.041 Q514
&5& O.018 G.227
&50 0.40138 Q.223
&17 O.007 O.113
557 O.005 0. 080
548 O.005 o.041
527 O.006& 0,078
QX O.005 O.059
473z 0005 C.G73
a57 0,010 o.12&
azB O.005 C.0&B
d]1% C.008 C.099
iI97 o, 012 0,154
Iod O.01& Q209
x7d Q,025 o, 35322
357 Q_024d o_303
Z51 Q.07% 1.000
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Table XVWIII

Searen Result

For
¥ o
im

KCaZ+51

NMujol Standard Library

Fruom 35&.44 - L1092 om-l1
pRes: 2.5&1 cm-1 Ppints: Z5&

H1T Name HESI

L Kiio2+Si1

. Ko EtH 0.a43%

ut KCoT+S1 O, .Aale
4 KooZ2+GEa 0,499

5 KooZ+P W)
& Koo2+tGe O.5832

7 MawsTHZ o._=352
2] Koop+E 0.537

3 KooZ+in Q549
e HWe s P o. 5455
11 Kood+ln O_576
12 wopX+H2 0.593
13 Hajol 0_637
14 HaCo3+Ga 0,680
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1aple KLX

gaarch RBsult

for

timkrown Koot F

in

Nujol Standard Library

F-om 356.44 - 1lQO%5 cm-1
.56 cm-1l Points: 25¢
HIT Hame HQI1
1 KCo2Z+F o.138
2 Heo+F o. 393
b XCoX+hB 0.398
q KCo2+Si 0,427
= KCodthE 0.443
[ KCo2+Ga 3. 408
¥ KCo2+fin Q. 504
8 KCo2+Ge 0.51l0
g Hu jol 0.515
10 Haloltuka [ R
11 HawWsa+H2 0.537
12 KCo2+S1 2.57)
15 $Col+ln 0.571
14 KCaS+H?2 C.&21
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Table XX

Search Result
For
Unknown KCoZ+51
im
Hujel Standargd Library

From X5&.44 - 10395 ocmr-1

Ras: 2.5&1 cm-1 Points: 256

- HIT Hamo HQI

f ! KCo2+51 Q.27
s ECoI+S1i 0471
i KCo3+B G, AHA
4 ECO2 +i{3:a O.A21
3 KCOo2Z2+0 0,458
& KCoZ+F C. a4k
T KCo2+Ge 0,454
8 Maw&+HZ2 0. 478
] Hué+F O, 4[2
10 KCo2Z2+2nNn 0.504
11 KCo3+H2 Q. 521
12 KCo3+2In Q.54%
13 Nujol 0.593%
14 HaCoX+Ga 0.&%15

1:8



Table xXXJ

far
emCo3+8 in CCl4
at

apsorbance vr Conocmnbtratien

wavalength = 949 cm-l.

Concentration Observed Calculated Lifference
a/l Absorpance  Ab=orbanpce (al - Dbs)
B.22 0O.055 0.055 0.00]

11.31 C.0A7 o.0sh -0, 0oF
135.44 0,072 o.072 Q.000
1£.58 o .QR0 C.081 C,002
20.27 o.093 Q.Qo% -2.001
25 .25 o109 2.108 =0 00l
8 . 37 o.118 0.118 O OO0
I1.71 o,.103 O_104 0.001
35.59 o.115% O_142 0,003
Z9..54 G.118 0120 Q.001

— Regre==icon Dutput_First_

Constant

Std Err of Y E=t

R Souared
Ho. of Points

Oagree aof Freedom
¥ Coefflcient(s)
Std Err of Caoaf.

freportionality
Intaercept an ¥-

Proportionaliby
Intercept on ¥-

__Rmgre=sion

Output_Second_

0.0299 Constant C.0382
O.001L3% Stg Err of ¥ E=t 0.0032
Q.9971 R Squared Q.9225
7.0000 Ho. of Points I3.0000
R.QQQ0 Dagree of Freadom 1l.cD00
o.o031 X Coafficient(s) o.002]
Q.009]) Std Err gf Coef. O, 0DOE
Constant, K, - Flrst Seamant Q.0031 L/fg
axi=s for FirsL Segment Q.0299
Canstant, X, - Second Ssgment: 0.0021 L/fa
axig for Second Segment : 0.0Z2a2



Table %XN¥II

gbeorbancs vs Concentration
for
AMCo3+A in CCl14
at
Wavelength = 901 cm-1.

Cancentration Observed Zalculared Diffarancs
g/l Abzoroance fibsorbance (Ccal - Obs=;
n.22 0,087 D.D&E9 0.901
11.31 c.0Ax Q.0R1) -0.00X
l1X.&4 0. OBRg 0,090 Q.001
1&.58 Qq.099 2.101 Q.002
v o117 0.115 -, 001
25 .85 0.134 0.134 Q.000
2B . %7 O.14& C.l4& O, 000
N o132 o.133 D002
35.59 0.147 C.144 -Q.003
153.34 0.152 0,154 O, 00T
__Regression odtput_ First_ _ _Aegreasion output_Second_
Caonstant o.D35A Conetant D.04B80
Std Err of ¥ EstL 0.0IL7 %td Err of ¥ EsL 0.0038
f Souared Q.9972 F Sguarad 0.9353
Mo. of Points 7 .Q0Q0 Mo. of Peointa I.0000
Degres of Freedom £.Q000 Degree of Freadom 1.0000
X Coesfficient(s) a.0039 ¥ Coefficiant(s) 0.0027
Std Err of Coef. 0,000l 3td Err ot Coef. 0.0007
Propertionality Constant, K, - Fir=t Segment : 0.0039 L/fg
Interceapt on Y- amxils Tor First Segmant : 0.035R
Froportionality Constant, K, - 3acond 3egment : ©.C027 L/fg
Intercept on Y- axiz for Second Segment O C4BC

t3d



Table XxXx11I

absorbance vs Concentration

for
AamCo2+5%i in CCld
at
Wavelength = 961 cm-1.

Concentration Obsarvmd Calculated ifFfaranca
a/L Absorbance Absorbance [Cal - Qb=]
2_3A aaTal O.009 0.001
z.12 0. 009 0,010 0.001
4_ 02 o.01% 0010 =-0.,002
5.43% 0.012 o.012 =Q. 000
7FoAD 0.014 0.0135 -a,0a01
B, AD G.014 C.0l4 -0, 000
10. 63 o.015% C.0ls 0.001

Constant

Std Err of Y Est

R Squared
Ho. of Dbsarva

tion

Degreaap of Fraadom
X Comfticiant{s)
Std Err of Camf.

Proportionality Constant,
Intercept on ¥- ais

Aegrassion output

o

SOm~d OO

L0072

Q015
-7470
slelee]
Mvlslels)
L0008
-Qoo2

K: o.DOCE L/Sg
O.oo72



Tabla XXIV

Ab=orbance vs Concentration
for
ameo2+3Si in CLl4
at
Wavelepgth = 909 cm-1.

Concankrabion Obhsarved Talculated pirference

a/L tbsorbancea Abzorbance ical ~ Dbs)
Z.38 O 0Ly o030 Q.005
.1z 0.0240 O.0ZE 0.00%

4.02 G.026 o.024 -0, 002
.43 o, 028 0.02& Lt Y

7.1 o.0%2 O. 030 -0, 003

A_&0 O.0%% C.033 -0 . 000

L. &3 o.0%a C.0357 O.003%

Ragressic output

canstant 0.D185
ctd Err of ¥ E=t o. 0025
R Squared a,8501
No. of Obsarvatkions 7.0000
Dmgreasz of Fraedom 5.0C00
X Comfficienkt{s) o . 0020
Std Err of Coaf. O.00Q04

Proportianality Constant: ©.0020 Lig
Intercept on Y- axi= : 0.0155



Table xXX¥

Aosorbance vws copcenkretion

far

amco3+Iin in CC14

Wavelength = ZI% cm- |

at

Oiffarencs
tcal - 0Obs)

COHCENTRATION Obsarved Calculated
a/L apanroance Absorpance

T.03 a,0l1 0.007

3.9k {4,006 0.008

q.17 c.oce 0o.O0%

=.53 0.Ql0C 0.012

7.1B a.014 C.015

] O.025 a.01%

11.82 0.023 0.023

14.55 o.027 0.028

Ragreasgion output

Conatant
g+td Err ef
R Squared

No. of Jbsarvations

vegraas of

¥ Est

Frasdom

¥ Coafficient(s)

5td Errc of

proportionality Constant, K:

[ntercept on 7= axis

Coaf.

o.,0018
0.0017
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L/a

0.0017

0 .0024
Q.9195
B . 0000
& . 0000
c.o018
0 ._0002

M elel)
002
002
.00z
.001
-0.003
6. 000
0.00]

(=N o R )



Table XxXYI

obsorbance vws Concentration
for
AamCol+Zn in 14
at
Wavelanath = 87% cm=-1.

COMCENTRAT 10N Dbearvad Calculated Difference
a’‘L fbsorbance Abaarbance {Cal - Db=x)

J.03 c.012 o, 009 -0, 004

Z.4& C.998 0.01L0 0.Q40l

4,17 Q.919 0.011 O.002

5.53 o.al1lz 0.014 O.007

7.18 0.QL7 D.018 0,001

F.HG a.02& 0,022 -0.003

11872 0.02A8 D.027 -0 000

14.%5% 0.032 0.033 0.00]1

___ Regrassion autput

Constant 0_.00235
Stad Err of ¥ Est 0.0024
R Sguared 0.95394
Mo. of Dbsarvations A, 0000
Dagremss of Fresadom & 0000
X Coafficisnt(s) 0,002l
Std Err of CoafT. o.o992

Froportionality Constant, K: 0.0021 L/g
Intarcept on Y- axis r 0_002%
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Table XXVYIT

Bbhmorbance vs Concentration

for
AMCoX+Ga In CrCl4
at
Wavelangth = J47 cm-1
Concentration Obaarvad Calculatad Difterence
gL Ab=arbance absorbance (Cal - Dp=]
F.45 o.018 a.4a18 =0, 000
11.07 o.Q20 0,021 O.00a1
13.76 0.02a o.024 =&, 0
17 .4Q o.02A 0027 ~0.001
22.49 o.032 O.0x2 O 001
29 .84 Q038 o.0Z8 -Q.000
Ia 5l .40 0,040 -0 .00]1
3T A4S Q039 0.0d41 o002
45 &2 Q.044 0.0432 -0.001
52.09 0,082 0. 062
_Regresaion output_First__ _Regressiooutpul_ Second_
constant O.0107 Constant 0.,.02%3
Std Err of ¥ E=at G,.001L0 gtd Err of ¥ Est O.0016
R Sguared O.FT49 AR 2quared O, 7090
No. of Point= 5.0000Q Ho, of Points 4, 0000
Dagrae aof Freesdom 5. 0000 Degree Oof Freedom Z.0000
¥ Caafficlent(s; Q.0010 ¥ Coefficiant(s) 0.Q0003
Std Err of Coef. Q,0001 Std Err of Coef. Q.Q00)L
Proporticnality Comstank, K, - First Segment : 0.00l0 L/g

Imbtarcepnt on Y-

Frgportionallty
Interceapt on Y-

axizs for fFirst

Con=tant,

X,

axis for Fir=t

Sagment : 0.0107

Second Segmant : O0.000X L/Sg
Segment : 0.0223



Table =®XWIII

Apsorbance ve Concentration
for

amCo3+Ga in CCla

at

Wavelangth = 883 cm-1

Concentration Obsarved Calculstad cifferance
gfL absorbanca fbmorbcance {cal =~ Obs]
F.45 0.019 o.0le -0, 000
il.07 O.022 O.023 D, 00t
1. 7% 0,027 O.027 =, 000
17 .40 o034 D.R0I2 -0, 002
249 0.037 0.23A8 Q.00
29 .84 D.0d48 Q.047F QL QR0
34 . 5] Q.052 Q.050 -0.001
39 .66 0,052 Q.054 Q.301
45,62 0. 058 Q.058 -0.Q00
52.0% 2.079 Q.07
___Ragression output_Firast_ __Raegreasion output_Second_
Conetant O.024] Constant (e le]=1
std Err of ¥ Est o.0015 Std Err aof ¥ Est D.00LE
R Sguarad 0. 9349 R Sguared 0,947
No. of Obmarvatio 4 0000 Mo, of Obsmarvatio 5. 0000
Degrees of Freedo Z-0000 Degrees of Fresadn S.0000
¥ Coofficiant(=) Q.0007 ¥ Coafficientis) Q.0G1l3
Std Err of Coaf. 0. 0001 Std Err of Coef. Q. 0001

Froportionality Constant,
Intercept on Y-awia for First Sagmant

Proportionality Constant,
Intarcept orn rY-axis for Second Sagment

K,

K,

- First Segment

- Sacond Segmeant

0.000% Lig
O.024&8]

0.0013 L/g
0.0080



Taple £xXIX

fAbsorbance vs Concentration

for
AamCo34Ga in C52
at
mavelength = %49 com-1.
ConcantracLion Ob=arvad Calculatea DifferancH
g/l Absorbance aAbsorbance {iCal - Dbs)
1.658 Q020 Q.05 0,035
2.27 0.01s 0,048 0.03Z
Z.21 0.01& 0.4z 0.03s8
4 .27 Q.030 0.0Q4Z Q.012
7.97 . 025 0.03%7 G.OL3
14,59 O.043 0.04% O.001
24 .71 o_017 C.040 -0 _00a
A5.18 w.2Lo O.040 (S e
d2 .40 O. 052 0.03% -0.012
48 .45 0.ual 0. 057 -0.1lzz
54 .77 O.08& -0.041 -0, 147
&i.41 O.072 0.07Z
__Regression autput_First_ __Regression output _Sacond_
Conmstant o.0l48 Canstant 00377
3td Err of ¥ E=t C.o0dg Std Err of ¥ £=t 0, 0008
R 5dquared Do 72 A Squared L. 748
N, of Polnts & . 0000 Ho. of Points q ., 0500
Degraa of Fraadom 4, 9000 Dagraa of Fresdom 20000
¥ Coefficlient(s) 0.00L7 X Cogfficiant(s} 0, 0035
std £rr of Coaf, O.0004 5td Err of Coaf. a3 taTaly]
Reagression output__Third____
Constant =0, 0574
Ztd Err of ¥ Q.0040
fi Squared 0.9740
Ne. of Points 3,000
Cegrae of Frasdom l.0000
X Cpefficient O.002a
5td Err pf Coef. O_000%
Proportionality Con=tant, %, - First Segment : 0.0017 L/g
Intercept on Y-amis For First Sagmant 1 0.0)48
Froportionality Constant, K, - Se=cond Segment : 0.0003 L/Sg
Irtercept on Y-axis for Second Segment T Q.04877
Proportionallty Conscant, K, - Third Segment D.0008 Lfg
Interrept on Y-axis for '"hird Segment -0, 0eT
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Abscrbance ws Concentration

Tabla XXX

tor
amCoI+cGa in CcS2
at
Wavelmngth - H@8Z cm-1.

Concentration Ob=served Calculated Uifference
g/L Aabsorbance fbhcorbance {Cal - Obs)
L.a6 0,071 C.Cle =0, B0h
2.7 0.015 0.O18 (R e K]
3. o.011 O.020 0,009
4_8A7 o.031 o.023 -0.008
7.%7 o027 0.030 0. .00L
1&.59 O.04% o. 049 0L 000
zd_ 71 0,054 0.0535 ool
5. lB8 0,045 00861 =0y, 004
42.40 0.043 O QEs 0,002
48 _45 Q.081 o, .0B2 Q.001
Sq.F7F Q.104 B.1i0X -0, 001

&1.11 O.09% 0.093

__Reare==ign Qutput_First

—

_ PRmare==icn ocutpul_Sacond

Constant

3td Err of Y Est

R Saquared

Constant O .OLl27
Std Err af Y Est O.00AL
R Sguarad O.8B152
Mz, of POints &, GO00
Omgree of Fresdom d.,0000
¥ Comfficient(s) Q.0022
2td Err of Coef. 9 .0005

Ho .

_Regras=icn output_ _Third__

con=tant

€td Err of Y E
R Sguared

Mo. of Ppints
Dagres of Frae
X Coefficient(
5ta Err of Coa

=t

dom
s)
.

Proportionality Constant, XK,
Intarcept on ¥Y-axis Tor First Segment

Ffroportionality Constank,
Intercept on Y-axis for Second Segment

Froportionality Constant,
lntarcept on Y-awit for Third Seomeat

K.

K.

- Secaond Seagment

~0. 0780
0.0014
O,9977
3.0000
10000
0. 0033
0. .0002

Firat Segmant

Third Saament

134

of Points
Dagresa of Fraedom
¥ Coefficiant{s)}
Std Err of Coaf.

0,039
G o030
00,8901
4 0000
2.0000
0. 000eE
Q. 0002

C.0022 L/a
J.a127

0. 0006
o.0321

| /o

0.0033 LAy

:=0.0780



Taple xxxI

Absorbance vs Concentrati
for
AmMCoZtGa in CCl4
ar
Wavelepath = 957 am-1.

an

Concentration Obspsved Calculated NDifFference
g/L Absorbance Absorbance (=1 - Obpsh)
Z2.88 o.012 a.013 c.001
3.35 .02 G.014 0,001
3.55 o.014 0.Q14 o, 000
q.54 o.0la o.Q01% -0 _0C1
5.79 0.0l1l& O.0lAa -0, CNa
7.07 Q.018 C.QlB -0.,a%0
g.7¢ Q.aLl9 Q.09 =0 000
1031 0.024 o.02l -0.00%
12.1& Q0,024 9. 023 -0.001
13%.08 Q.025 o.o24 -0.002
15,21 o.0l9 O.025 0. 305

Regression QOutput
Conatant

Std Err of ¥ Est
Correlation Sguared
He. of Obssrvations
Dagreas af Fraadom

X Coefficiant

5td Err af Coaf.

Froporticrnality Conatant, K: ©0.001 L/a

Intercept am Y-

axis : D.OLD
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o. 787
11.000
9000
0.001
O.000



Table =xxT1T1

Absarbance vws Concentration
for
AmMCoZ+Ge in CCl4
at
Wavelength = 885 cm-1,

COMCEHTRATION Obzar ved Calculated Difference
g/L absorbance Absorbance (Cal - Ob=)
Z.88 o.019 Q.022 O.003
I.35 o020 Q.,.022 0,002
I_&5 0.023 o023 0,000
4 .54 0.025 o.924 -3, 001
5.73 0.027 0.02% ~D.00D1
7.097 0.029 0.02Z8 =0.201
8.7& 0,031 Q.a30 -0.201l

19.31 (S R .02 ~0.00%5
LZ.1& 0.037 0.035 L BT KA
13.0R C.o038 0.036 -0.002
13.91 Q.029 0.0x7 0. 009

ARegression gutput

Constant Q.0LlE
Std Err of ¥ Est o. 004
A Squared O.&F9
Np, of Obmervatlons 11.000
Degre=s of Freedom 5.000
X Coefficient(s) 0.001
Scgd Err of Coef. Q.Q00

Froporticnality Con=tant, K: ©.001 L/n
Intarcept mn Y- axis : D.0LE

1€4]



Table xXXIII

Tradicional Welighing Technigue=

Ab=orbance vs Concentratian

for
Tripalmitin in CCL4
at
Waveleangth = 1746 cm-1

Concentration Obaarvad Calculatad bitference
alL Ab=orbance absarbance fral - Obs
2.29 o . 030 ¢,032 0.001
31.14 Q.40 o.038 -g.002
5. 8% C.QC48 0.054 o.008
&5 0.066& o.059 -0.007
.48 0.07% o.076 0.00L

Proportiormali
Intercept on

Regrassion Oubtpub___

Conmctant

Std Err of ¥ Eat

R Squared

Ho. of Ob=ervations

Degreas af Fresdom
X Coafficient(s)
g2td Err ot Cas=sf.

ty Con=tant,
Y-axis

K:

2.0084q
Q.017C
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L/g

OO WHWLMWOOO

017D
Q057
-F310
Lol
2000
- D084
0018
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Table X¥XXIY

New Waighing Technioue

Absorbance w=

Concantration

for
Tripalmitim in CCL4
atl
Wavelangth - 174& cm-1
Concentration Dbs=srved Calculated Difference
/L absorbance Abaarbance {Cal - Ow)
1.49 o.02l1 0_020 -9.Dhol
1.a8a9 9.021 0.022 D001
2.51 Q.92% 0. 025 -0.D0d
X.02 a.927 D_DZR O.001
1.55 0.93] D.031 -0, 000
Regrassion Dutput
Constant 0.0121
Std Err of ¥ Est 0.,.0011
R Squaread 0.9520
Ko. Of Observations S.0000
Degrees of Freadom 3. 0000
¥ Coafficlentis) 0.0053
Std Err of Coaf. (sl alalery

Proportionallty Canstant,
Intercept on Y-axla

X:

0.0053
O.0121
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Table XxKY

Concentration wvs Peak Paositlon
af
Second Highast absorkbance
wilkh
Raspact to btha Absorbance BEZ Ch-l
for
amCni+Ga in G52

Gwvarall Firsk Secrnd Third Fourth
Cancanbkration Segment Segment Sogment Szgment
gfL cin—1 cm-1 cm—1 cm-1
L.56 397
2.27 97
2.21 &S
4 .87 97
F.?7 377
15.5% =5
24.71 TH1
IL. 18 H&F
42 .45 Fol1
48 .45 781
5q . F7 781
6l,.11 a1
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Tabls XXXVI

concentration vs Feak Position
of
Spcongd Highest absorbance
with
Re=pwmct to the absortance at B3l cm-]
far
amCo3+b Inm CCl4

Concentration Pegak Position
g/fL cm-1
e.22 p=Jul
11.X1 01
1X.£4 2]
1&.58 P01
20.27 20)
75.25 01
zZ8.37 201
=1.71 201
X5.5% S0l
39 . 54 S0l
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lable MXEWII
Peak Shifting Takble for AmCpl+Ga
s Particulsr Fsak Posjbion
at
Different Concentratinns

for

AamiCo3+Ga in CS52

Concentration Peak Fosition
g/L cm=1
1. && 947
2.27 349
J.21 49
4.87 F51
F.97 9449

16.59 2449
Za 71 F49
35.18 EE
42 .20 249
48. 45 P49
S54.77 Q49
&51.11 Q47
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Taple X=@WIIT
Feak shifting Taple for AmCol+H
A Particulsr FPask Fosition
ak
Different Cancentrations

for

AmCoS3+B in CCl4

Concantration Pemk FPozition
g/ L cm=-1
B, .22 4%

1.8 4%
13, 54 49
1. 58 49
20,27 Q45
25.25 49
2B.37 49
Il1.7!L 4%
X5.5% 549
39,34 4G
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APPENDIX T ~ GLOBBARY

a Mumber of ceantra) hetero eatom

A Absorbance

Ay Numbsr of mtome in the HPA which ara bonded to only
one atom.

b Numbar of peripheral hatero atom

B Angie batween infrared light source and optical axis

of collimator.
B(Fe) Total number of bande for Fr mode of vibration,
c (12-b)
cm A unit for measuring path Jength.

cm—1 A unit for wavenumbar

c Concantration {Abeorbance end Concentratiom are
related by the formula, A = K x C).

Cs a aymmotry opsration i.e. the rotation by 1800,

Ca a symmetry oparation i.e. tha rotation by 120c.

Ce a point group

d Bpatial displacement betweon Tixed amd movable
mirrors of interfarometer.

d.f. Pegresa of freaedoma.

D Total numbear of data points on the apectrum

- Net charge on the heteropoly anion.

E ldentity operation i.e. thea rotatiom by 3gde.

Epn Optical throughput of disparsive instrument.

Ex Dptical throughput of Micheleon interferometer.

Fiva Modulated freguency

Fz Vibratianally active mode of Ta point group.

FT-IAR Fourier Tranaform Infrarad Spectroscopy.
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FwHH

G{dm)

G{Fz)

G{int)

Gc(m}

Gired)

af}

Giw]

Hit

HPA
HPC

HQI

HI
I(L)

T(x)

I'{x)
I(v')
ILS
IR

Fuil width at helf haight
A unit for weight

Reducible representation for dipole moment of Ty
patnt group.

Raducible represantation for Fz mode of vibratiaon,

Reducible repreaentation for internal coordinates of
tha HPA.

Raducible repreasntation for al1l typee of motiaon of
atome in the anion.

Raducible representation for redundancies prasant in
intarnal coordinstes.

RFeducibls raprasentation for translatory motion of
sach etoms in the HPA,

Reducible represantation for vibratory mation of
aach atam in tha HPA.

Point group order

Order given to epactra stored ip the library 1in
matching & unknown apactrum.

Hatercpoly anion
Haoteropoly compound

Hit quality index of the unknown spactrum matchad
againat the epectre atorad in the licrary.

Hertz, a unit of frequancy.
Intaneity of light radiation of wavelangth, L.

Intsnaity of intarferogram, a moduleted part of
I"(x).

Intereity of trspemitted bhasm as a function of x.
Cogine Fouriaer invermse of I(x)
Inetrument l1ins ehape function.

Infra-red
148



K'l

Ha
Hb

Hap

Mn

Np

Absorbance proportionality constant

A modified abegrbance proportionality constant.
Ligand attachad to the periphera! hetero atom, Y
wevelangth

A symbol for 11ter, a unit of volume,

A unit for measuring the thickneas of the soacer,
Band angle defocrmation

A unit for meaeuring the mass

A unit for concentration in malaes L-!

Mumboar of reaclution elemante of Fourier
apaectromater,

Multiplicity of the copltannar bond mesting at the
AaEma atom.

Refractive index of eolution At A given wavalength,
Out of planes bending

Humber of atomes remain unehi{fted under aach symmetry
cparation,

Humber of atoms 1n tha HPA
Numbar of bonds in tha HPA

Totsl numbar of datm pointe usad ta metch & unknown
spactrum against a apesctrum etored in the librsary

Total number of intarne)l coordinatea corresponding
to band angle deformeationa in the HPA during
vibratory motion,

Total number of intermal coordinates corrasponding
to out of plene bendings in the HPA during vibratory
motion.

Total numbar of 1nternal coordinetaes corresponding
to toreions produced in the HPA during vibratory
motion.

Total numbaer of intarnal coordinates correaponding
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pi

Ras

Rena

54

BincA
SNR

Td

-V'l

v max

v'ain

LB

to atretchings 1in the HPA during vibratory mation.
Toreion produced during the vibration

Pheas corrections dus to optical, electronic and
eaampling effacts.

Angle of rotation due to each symmetry operation.
Repatitive numbar of each symmatry operation.
Resclution of the gpectromatar.

Reaolution paramataer same as that of R, but ueed For
annotating the apectra,

Resclution for matching a unknown epectrum with the
apactra stored in the library.

Stratching in bond

Symmatry opaeration correaponding to rasflection
through a dihedral mirror plana.

eymmetry operation corregponding to raflection
through o herizontal mirror plane.

a symmatry cparation i.s. first rotation by 90° and
then refilection,

sin(A)/A, a ingtrumant 11ne shape Ffunction.
8ignal to noisee ratio,

TJetrahedral aeymmatry point group.

Fraguency of the source radiation.

Wavenumber

Maximum wavenumber on tha spectrum.

Minimum wavenumber on the spectrum.

yYalocity of moving mirror in the intarferomstar.

Waight of the solvent added sach ttme aftar
collecting m spactrum.

Optical path diffarence.
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Waight of the sclute 1n grams befora taking a

specLtrum.

Caontral hetero atom

Weight of the eolvent in grams before tesking a

gpachrum,

Paripharal hetero atom

waight of solution taken for collecting a spectrum,

Addendum atom
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