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ABSTRACT: In recent years, Fourier transform spectrometers are being used for studying in
all of the IR spectrum regions. However, choosing the correct sampling technique can still have

a problem which sometimes obstructs the spectroscopists’ measurements. The diffuse
reflectance (DR) spectrometry with another sampling technique has become handy for the IR
spectrometry of solids, especially inorganic materials. Nevertheless, it could be seen that DR
spectra aren’t entirely free of problems. The aim of the work is to point out some difficulties that
might appear when measuring DR spectra of inorganic materials and to suggest methods of
removing them.

L. INTRODUCTION

The technique of diffuse reflection spectroscopy has been used successfully in many
fields as an adjunct to more well known spectroscopic methods, and is often useful where
traditional technique fail. Coal, for instance, proves extremely difficult to analyze by classical
techniques, but excellent spectra can be obtained by diffuse reflectance. Many substances in
their natural states (e.g., powders and rough surface solids) exhibit diffuse reflection, i.e.
incident light is scattered in all directions as opposed to specular (mirror-like) reflection where
the angle of incidence equals the angle of reflection. In practice, DR spectra are complex and are
strongly dependent upon the conditions under which they are obtained.

These spectra can exhibit both absorbance and reflectance features due to contributions
from transmission, internal and specular reflectance components as well as scattering
phenomena in the collected radiation. DR spectra are further complicated by sample preparation,
particle size, sample concentration and optical geometry effects,...

In fact, so far this method has not been widely used in Vietnam yet. In this work, two
powdered inorganic materials to be analyzed in some detail are copper sulfate pentahydrate
CuSO,.5H,0 and potassium iodate KIO,.

II. CALCULATION

The ab initio calculation using software Gaussian 98 with theory level HF (Hartree-
Fock) and appropriate basic set can predict reliably fundamental vibration frequencies,
intensities as well as kind of symmetry of ion or molecule. The calculation results of free ion

SOZ and 10; are listed respectively in table 1 and table 2. In the free state, the symmetry of

ions are T, and C,y respectively [1,3]. Basing on the results and combining with group theory,
the assignment and interpretion of their spectra are able to carry out readily [2,3,4].

Table 1. Calculation results for free sulfate ion SO}~ (with basic set 6-31G(d))

. Ab initio Calculation Experimental | Symmetry
Degsination Description
Freq. Ig L. Freq. [1,7] Class
Vv, 1008 - 29.4 983 A, v, $-0
vy 460 ‘ 1.8 450 E 5, 0-5-0
\Z 1157 570.8 7.8 1104 F, vy S-O
Vs 651 49.5 2.2 613 E, §, 0-S-0
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Table 2. Calculation results for free iodate ion 10; (with basic set LANL2DZ)

o Ab initio Calculation Experimental Symmetry“
Degsination Description
Freq. i i Freq. [7] Class
\2 802 0.6 50.4 796 A, v, I-O
Vv, 360 94.9 13.4 348 A, o, O-1-0
Vi 755 0.5 28.4 745 E v, 1-0
v, 315 24.6 18.0 306 E 8, O-1-0

I : Infrared Intensity; I : Raman Intensity
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Fig. 1. Transmittance spectra of CuS04.5H,0

IV. RESULTS AND DISCUSSION
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III. EXPERIMENTAL

In order to produce a DR spectrum, a
background must first be collected. Here, the
samples used for this background spectrum are
the pure matrix materials KBr, KCl. The
background sample is placed in position on the
same holder. The prepared sample to be analyzed
is placed the other same position. The resulting
spectrum is produced by ratioing the sample
spectrum to the background spectrum.

The DR spectra of the materials are
measured by spectrometer EQINOX 55
combined with a cell EASIDIFF and detector
DTGS (deuterated triglycine sulfate).

Fig. 1 gives the transmittance spectra of copper sulfate pentahydrate CuS0O,.5H,0
prepared as KBr discs in two cases: the sample mixed with KBr and then the mixture ground for
10 min (below trace); the sample ground separately and then mixed with KBr with the same time

(above trace).

From Fig. 1, more new-come bands appear in the second case than in the first one
because the sample and the matrix KBr were compressed during the preparation of the disc, thus

ion exchange reaction probably occurred [8].

These results prove that IR spectra of inorganic materials can vary strongly when

powdered alkali halides are used as matrices.
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Fig. 2. DR spectra of CuSO4.5H,0 mixed Fig. 3. DR spectra CuSO4.5H20 and KBr are
and ground with KBr with different ratios ground separately and then mixed with ratios
(1,4,6,8, 10%) 1,5, 10.15%.

DR spectra of CuSO,.5H,0 ground with the diluent KBr with different ratios (1, 4, 6, 8,
10%) are shown in Fig. 2.

The bands at 3200 cm™ and 1600 cm™ are due to the stretching and bending vibrations of
H,O respectively [5].

It can be seen that a lot of bands appearing in spectral region of 500 -1250 cm™ in case
of the 5 to 10 percent (5-10%) mixtures, meanwhile the 1 percent (1%) mixture gives only one
band in spectral region of 1000-1250 cm™.

On the contrary, when CuSO,.5H,0 and KBr are ground separately and then mixed
together, the spectrum keeps unchanged and there is not any strange band appearing at all (Fig.
3%

Therefore, it can be affirmed that the effect of ion exchange is readily apparent when DR
spectrum of CuSO,.5H,0 is measured after mixing and grinding with KBr during the preparation
of the disc.

Similarly, it is seen that the DR spectra of the mixtures prepared by grinding
CuSO,.5H,0 with either KBr and KCl are identical.

Beside the problems discussed above, one additional effect can also be observed
occasionally when inorganic samples with layer structures are investigated. For example, if
CuSO,.5H,0 is ground then either mixed or ground with nonabsorbing matrix, such as KBr, the
spectrum can vary with grinding time of CuSO,.5H,0 (Fig. 4, 5, 6).

After CuSO,.5H,0 is ground with, for example KBr, the DR spectrum varies with
grinding time.

Indeed, comparing the DR spectra in Fig.4, it can be seen that CuSO,.5H,0 and KBr are
mixed and then ground in the various lenth of time to produce 10% dispersions (for 1,5,10,15
min), some new bands appear in 750-1250 cm region such as 962, 1000, 1185, 1201cm™ in
spectrum of grinding time of 5 min (below trace). The spectra of the grinding time of 10 and 15

min are in similar shape with that of 5min, however their bands are separated much more (Fig.
5).
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Fig. 4. DR spectra of CuSO,.5H,0 ground Fig. 5. DR spectra of CuSO,.5H,0 ground
with KBr for 1 min (above), 5 min (below). with KBr for 10 min (above), 15 min

(below).

In the manner, thus, the louger the grinding time the more bands appear because increase
in contact time between CuS04.5H;0 and KBr raises the ion exchangce reaction.

In case CuSO,.5H,0 is ground separately from the KBr diluent and then mixed, the
spectrum has a small change (Fig. 6). If the grinding time is longer the bands will be separated
much more and their intensities are somewhat changed. No new band comes. According to Teiki

Iwaoka [8], the layer structure of CuSO,.5H,0 becomes less ordered during the grinding
process. This leds to the distortion of the spectra.

When the spectra of CuSO,.5H,0 is measured with the different grinding time, sample
should be ground by itself from KBr diluent and then mixed, the grinding time is about 5 min to
avoid effect of ion exchange causing some difficulties in process.

It is interesting to note that when either a

1 mi!l—/\ large amount of CuSO,.5H,0 is ground by itself,
- or a small amount is ground with an transparent

diluent, only relatively small changes in the
spectrum are noted even after extensive
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20 5 min grinding. Apparently, when a large quantity of
;: L/-'/\’ material is present, it can act as a cushion and
ey prevent disordering of the layer structure of
20 CuS0,.5H,0.

4is.) 10 min What would be now happened to the DR
10 spectrum of potassium iodate KIO, as if the
f: 1 S~ sample preparing procedures like above still are
20 used.

. 16 wiin Fig. 8 shows the transmittance IR and DR
et - spectra of KIO,. Both of them have two bands
00 S with a strong intensity at 798 m™ and 755 cm’
1.0 4

~in transmittance IR spectrum at 798 m’ and
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Fig. 6 CuSO,.5H,0 is ground separately from ¥ _E:‘n’,d Vs. A few very weak bands at 400-650
the KBr diluent (for 1, 5, 10, 15 min) and then cm” in both transmittance IR and_ DR_ spectra
mixed may be due to the metal - oxygen vibrations [7].
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The two remaining vibrations, respectively v, at 348 cm™ and v, at 306 cm’ (tabele 2)
couldn’t be observed because of wavenumber limitation of the spectrometer.

Fig. 8 gives the DR spectra of
KIO, diluted with KBr by grinding
s‘cparéte]y for 1, 5, 10 and 15 min and
then mixing to form 10% dispersions.

Fig. 9 shows DR spectra of KIO,
diluted also with KBr according to the
inverse order, namely mixing and then
grinding with the time likes above.

Observing the spectra, it could
be seen that both of two cases, the
spectra are almost unchanged. This
means that there may be not the ion
@ s w0 o o wo ww o w0 exchange reaction between KIO, and the
diluent [8].

Fig. 7. Transmittance IR and DR spectra of KIO,
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Fig. 8. DR spectra of KIO, ground Fig. 9. DR spectra of KIO, mixed with KBr
separately (for 1, 5, 10 , 15 min) and then and then ground (for 1, 5, 10, 15 min)

mixed with KBr

V. CONCLUSIONS

The results above indicate that the use of powdered alkali halide matrices for diffuse
reflectance IR spectrometry of inorganic materials can lead to problems. If the analyte is
ground on its own prior to mixing with the alkali halide, there is a change that the crystalline
structure can be distorted.

Conversely, if it is ground with the alkali halide, ion - exchange can occur. Beside
the spectra are also affected by grinding time and amount of dispersion. So that exellent
spectra of inorganic samples can be measured with very short grinding times. The grinding -
time required was only 5 min with a small dilution. It should be noted that the sample is
ground separately and then mixed with matrix. The experience of working suggests that all
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that condition should be associated to avoid ion-exchange and effect of restsrahlen bands, to
have a reliable spectra of inorganic materials to be measured by using diffuse reflectance
spectrometry.
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TOM TAT: Trong nhitng nam gin day, phudng phép ghi phd dva vao phép bi€n ddi Fourier
da va dang dudgc st dung & t4t ca cdc viing phd hdng ngoai. Tuy nhién, viéc chon lya phudng
phép chuin bi mAu ciing cdn khéng it vAn dé ma nhiéu khi 1am trd ngai rat nhiéu cho céc
nha nghién citu trong khi ghi phé. Sy phat trién phuong phédp phin xa khuéch tdn véi k§
thuat chuén bi miu don gidn hon da hd trd cho viéc nghién citu cdc miu rén, dic biét 12 d6i
v8i céc vt liéu v6 cd. Tuy nhién, cé thé thdy ring khéng phai hoan toan khéng con van dé
khé khian d61 véi phudng phép nay. Muc dich clia bai bdo nay chi ra nhitng khé khén trong
qué trinh ghi phd va cdch khic phuc ching.
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