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THE INFRA-RED AND RAMAN SPECTRA
OF ULTRA-FINE CALCITE

Linhai Yue, Miao Shui, and Zhude Xu*

Department of Chemistry, Zhejiang University,
Hangzhou 310027, China

ABSTRACT

In this study, three ultra-fine calcite samples having similar
particle size but presenting different agglomeration state were
synthesized. SEM and TEM measurements, Infrared and
Raman analysis were used to view how the structure may
possibly affect their spectrum characteristics.

Key Words: Ultra-fine calcite; Lattice vibration; Agglom-
eration state; Far-infrared and Raman spectra

INTRODUCTION

Calcium carbonate is one of the most widely used fillers in many
industrial applications such as plastics, rubber, papermaking and medi-
cine. Recently it is found that the nano scale calcium carbonate has much
more advantages than the commonly used sorts with normal size. Its
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novel characteristic has attracted wide research interests. Spectroscopic
property is a critical means in the characterization. However, as to the
recently available literature, most of the IR and Raman investigations
about calcium carbonate have focused on the spectra behavior of dif-
ferent phases but very few dealt with size effect. For example, the mid
and far infrared spectra of calcite, vaterite, aragonite and amorphous
calcium carbonate in room temperature and under liquid nitrogen at-
mosphere were systematically studied by Anderson'. Nicol** and Adams*
also reported the mid-infrared and Raman characteristic of the calcium
carbonate and carbonate synthesized under higher temperature and
pressure. As to the influence of the particle size on the spectrum beha-
vior, Ye® has suggested that the red shift of stretching vibration assim-
ilation band and the blue shift of the out-of-plane bending vibration
assimilation band coexists in the mid-infrared area of the nanocrystalline
MgO. But, the study on the change of IR and Raman spectra stemming
from the particle size change, especially on the crystal agglomeration
states, is seldom reported.

EXPERIMENTAL

Purified CO, gas (20~40% concentration, diluted with N,) was
bubbled through 5~ 10% Ca(OH), solution until the pH value reached
at 7~8. The precipitate was filtered, dried at 110°C to steady weight
and then sifted through 320 mesh. Under altered reaction conditions three
nano-particle CaCOj samples with different particle size and agglomera-
tion state were obtained, referred to as 980227c, 980602 and 980622 re-
spectively®. Analytical grade calcite (99.99%, 5~20um particle size
estimated by SEM) was used as the standard reference without the
structural broadening.

The IR spectra were recorded at room temperature in the region of
400 ~3600cm ™" on a Nicolet model 5SDX FT-IR spectrometer using KBr
pellets. The far infrared spectrum was measured on a Bio Rad FTS-185
spectrometer. The calcite powder was mixed up evenly with the paraffin and
fixed in-between the polyethylene films while measuring. The spectroscopic
resolution is 4cm ™"

The Raman spectrum was recorded on a Bruker RFS100 FT-Raman
spectrometer. The resolution is 4cm™'. The RFS 100 was equipped with a
low-noise, diode-pumped Nd:YAG laser, which generates 1064cm ™' laser
beam as stimulating source with an output power of 500 mW.
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RESULTS AND ANALYSIS
The Microstructure of the Ultra-fine Calcite

The following three images in Fig. 1 are SEM or TEM images of
sample 980227¢c, 980602 and 980622 respectively. Figure la, the TEM im-
age, shows that sample 980227c¢ has a cubic structure crystal lattice with the
particle size ranged from 40 to 80 nm. The crystal lattices of both samples
980622 and 980602 seem an integrated form. As shown in Fig. lc, sample

Figure 1. (a) TEM image of sample 980227c, (b) SEM image of sample 980602,
(c) SEM image of sample 980622.

(continued)
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Figure 1. Continued.

980622 has a shuttle-form structure with the size of about 1.5~ 2nm long
and 300 ~600nm wide. Besides, there are also a few 100~ 400nm cubic
grains mixed within those shuttle-form grains. Figure 1b shows that most of
the crystal grains in sample 980602 have loose shuttle-form structure, about
I ~1.5um long and 200~ 600nm wide, with a considerable number of
100 ~ 500 nm cubic grains. It seems that the shuttle-form structure is con-
glomerated from the base cubic structure and sample 980602 represents a
state being in this conglomeration process.

The Infrared Behavior of Nano-crystalline CaCO3

The free carbonate ion belongs to the point group D3}, and therefore
should have four normal vibration modes, namely A{'(? ;), A,”(? ») and two
double degenerated E'(? 3,3, and ? 4,4p). ? 1 is the symmetrical stretching
vibration of C=0 double bond with Raman activity. v, is the out-of-plane
bending vibration and is IR active. v; is the non-symmetrical stretching
mode of C=0 double bond while v4 is the in-plane bending vibration mode
of OCO. They are both Raman and IR active. Figure 2 shows the mid-in-
frared spectra of the three ultra-fine samples together with the reference. The
above mentioned three IR active modes have all appeared in these spectra.
The absorption bands peaked at 1425cm ™', 874cm ™', and 712cm ™" in the
spectrum of the reference CaCO; are assigned as vz, v, and vy respectively.
It seems the v3 band is strong and broad while v, and v4 bands are weak and



03:10 30 January 2011

Downl oaded At:

ULTRA-FINE CALCITE 797

a
‘./]:f/,,,‘ b
2 A .
g //r/’
D ]
= d
R=
o
2 VM fr—
=
=
o)
e
i 1 ] 'y
3800 2600 1700 1100 400

wavenumber/cm-1

Figure 2. The infrared spectrum for (a) 980227c, (b) 980602, (c) 980622,
(d) reference calcite.

narrow. Differing from the reference sample, the v; absorption bands of all
three ultra-fine samples are abnormally narrow and each has an obvious
40cm™" blue shift. According to the absorption band positions and com-
paring with the standard infrared spectrum of calcite’, also Judging from the
criteria of non-split v» and v4 suggested by Andersen’, the crystal structure
of both the reference sample and the other three ultra-fine samples are all
assigned as calcite. In general, size effect on the spectral property would be
manifest with the diminution of particle size especially when it reduces to
nano scale. This size effect usually causes a blue shift of IR absorption band.
XRD results show that the crystal lattice has a contraction tendency with
the diminution of particle size®. This may shorten the mean bond length
hence lift the stretching vibration frequency. In addition, the interface of
nano-scale material weighs much more in volume fraction. The defects and
the insufficient coordination number occurring in the interface layer
make the chemical or physical adsorption on surface easy to implement. In
the case of hydrogen atom absorption, for example, the formation of
hydrogen bonds by the absorbed hydrogen atom will usually cause a blue
shift to IR absorption. The relatively large blue shift of v; in the IR spectra
of the ultra-fine calcite may be a comprehensive representation of all above
mentioned effects.
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Andersen' has suggested that the strong and broad v; absorption band
originate from several overlapping bands which are resulted from the
combination of the lattice vibrations A4,, (354cm™") and 2E, (311cm™ ',
227cm ') with the molecular normal modes v, and v4. Rao’ suggested that
although the inter-molecular force in the calcium carbonate crystalline is
relatively weak so that it could not greatly influence the molecular vibration
mode. But it often can split the degenerated vibration energy level and
change the relative intensities of the molecular or lattice vibration modes.
The split double peaks of v3 and v4 in the IR spectra of aragonite and va-
terite are the case.

Figure 3 shows the far IR spectra of the reference and the three ultra-
fine samples in the range of 400 cm ™' to 100 cm ' The absorption intensities
of the lattice modes for the three ultra-fine samples are much weaker than
that of the reference calcite. This may give an explanation to the narrowing
v3 band in the case of ultra-fine samples. Furthermore, there exists difference
of peak positions. Sample 980227C, consisting mainly of cubic grains, has
similar peak positions as the reference calcite while new lattice vibration
peaks have appeared in the case of sample 980602 and 980622. As described
above, their crystal gains are agglomerated from small cubic grains. The
peak position change may result from the direction character of bridge

Relative intensity

500 450 400 350 300 250 200 150 100
Wavenumber/cm ™!

Figure 3. The far infrared spectrum for (a) reference calcite, (b) 980227c, (c) 980602,
(d) 980622.
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bonds between the grain interface. However, it may due to much more
complicated reasons because of the inconsistency about the far IR peak
positions of calcite in reported literatures. The lattice vibration frequencies
obtained by our experiments together with those reported in literatures are
listed in Table 1.

The Raman Spectra of Nano-crystalline CaCO;

Figure 4 shows the Raman spectra of the reference calcite and the
three ultra-fine samples in the range of 3500cm~'—50cm™'. The peak po-
sition of the reference calcite and the three ultra-fine samples are basically
the same. Analyzing according to molecular point group, the five peaks in
the spectra are assigned to one A, mode and 4 pairs of E, double de-
generated vibrations. A4, is a molecular vibration and consists of two car-
bonate ions vibrating at the same phase. Each ion has the A} symmetry of
the free carbonate ion. The corresponding peak appears at 1088 cm ™' in the
spectrum. Two pairs of double degenerated vibration with E, symmetry are
also internal modes consisting of two carbonate ions with the E' symmetry
of the free carbonate ion. The corresponding vibration frequencies are
714cm™ " and 1432cm ™! respectively. The other two pairs of E, symmetry
vibrations are lattice vibration modes. One is involving the libration motion
and the other refers to the translation motion of the two carbonate ions. The
corresponding peaks are located at 156cm ™' and 283cm~'. The Raman
scattering peaks of the three ultra-fine samples including both molecular and
lattice vibration modes are much weaker than those of reference calcite. The
sequence of intensity (from strong to weak, note the different vertical scale
in Fig. 4 is 980227c, 980602, and 980622, having similar trend as in the far-
IR case. We suggest that the diminution of the grain size may result in the

Table 1. Observed Lattice Frequencies and Those Reported in Literatures for
Calcite (in cm ™)

Reference  980227¢ 980602 980622  A! phlo ¢!t plo g4

312 315 378 380 312 360 342 338 303

228 230 301 324 229 335 309 310 297

106 108 289 304 106 182 229 176 223
230 229 106 109 106 102
185 185 86 92
162 162

115 112
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Figure 4. The Raman spectra for (a) reference calcite, (b) 980227c, (c) 980602,
(d) 980622.

augmentation of the crystal lattice defects and weakening of the crystal field
as well. It further reduces the lattice vibration intensity of ultra-fine calcite.
This may explain the intensity difference between the three ultra-fine sam-
ples and the reference calcite. As for the differences among the three ultra-
fine samples having similar grain size, the agglomeration states may play an
important role in the scattering intensity.

The Raman scattering intensity can be presented as

I = koog (o)) E2 (1)

In which, 7 is the Raman scattering intensity. o is the degree of
molecular polarization. wy and Ej are the angular frequency and electric
field intensity of the incoming radiation respectively. Under the same
experimental conditions, oy and E, are basically unvaried. So that the
weakening of internal vibration modes may be result from the variation of
molecular polarization. Compared with the reference calcite, the large lattice
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strain lessens the degree of polarization and further weakens the internal
vibration. The force field at the interface of the agglomeration grains also
influences the degree of polarization hence the Raman scattering intensity.

CONCLUSION

By analysis of IR and Raman spectra for three ultra-fine calcite having
similar crystalline grain but different agglomeration state, it is found the
ultra-fine calcite has much different spectrum characteristics from the nor-
mal sized calcite. Compared with the reference calcite, the absorption band
of asymmetric stretching mode v; for the three ultra-fine samples is ab-
normally narrow and has an obvious blue shift about 40cm™" in mid-IR
region. In the far-IR region, the lattice vibrations of ultra-fine samples were
distinctly weakened. There is also evidence that the agglomeration states
would affect the lattice vibration modes. Comparing our experimental re-
sults with the literature reports, it is suggested that increased defects and
strain of crystal lattice in nano-particle calcite would weaken the crystal field
effect hence weaken the lattice vibrations in the far infrared region. As a
consequent result, the overlapping peaks around v; band, which are the
combination of molecular normal modes with lattice modes, attenuate
greatly. It makes the v3 band much narrow. This size effect of crystalline
grain also appears very clearly in the Raman spectra. Although the peak
positions remain basically unchanged but the Raman intensity is decreased a
lot for the ultra-fine samples. In addition, the spectral intensity decreases
with the augmentation of agglomeration degree. A possible explanation is
that the force field at the interface of agglomeration grains may change the
degree of polarization and further change Raman scattering intensity.
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