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RAMAN SPECTRUM OF THE SPLIT 34 MODE 

OF CO; IONS IN ARAGONITE 
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I NTRODUCT I0 N 
- - 

Infrared and Raman spectra of C03 ions are  different in 

the two crystal lographic forms of CaC03 - Calcite and Ara-  

gonite - owing to their different si te symmetries. Due to 

this fact, i.r. has been used to assess the reversible Calcite = 
2 Aragonite transformation which occurs upon grinding of 

CaCO , and much work has been done in  this f ie ld in the last few 

years 

spectra of Calcite and Aragonite forms of CaC03 produced by the 

above mechanical procedure. 

. ?I-4) In the present paper data a re  reported on Raman 
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734 RIVES-ARNAU, MUWERA, AND CRIADO 

EXPERIMENTAL 

The samples studied were the same previously used by 

Criado et al. ( 5 ) ,  and correspond to CaCO (DIHemio AnalaR), 

ground for periods of 2 to 24 h in a planetary mill. Samples 

ground fo r  0,4.5 and 0 h were selected since X-ray analysis 

showed that the unground sample was r i c h  in Calcite, the sample 

ground fo r  8 h was r i c h  in Aragonite, and the sample ground fo r  

4.5 h contained a mixture of both. 

3 

(5) 

The Raman spectra were recorded using a t r ip le  monochro- 

mator laser-Raman Cary 82 spectrophotometer coupled to a 

Spectra-Physics 165-03 Argon ion laser tube; the line at 514.5 

nm, w i th  a power of ca. 800 mW at the tube output, was used 

with the following recording conditions: spectral bandwidth 3 

cm , scan speed 0.3 cm s , pen period 10 s, sensitivity 2 

Kcps/f.s.d. , wi th  expanded abscissa scale. 

- 1  - 1  - 1  

F o r  comparison, i.r. spectra were recorded using K B r  

discs containing ca. 2 %  CaC03 and a Perkin-Elmer 621 double 

beam spectrophotometer under standard conditions, giving a 

resolution better than 2 ern-'. 

RESULTS AND DISCUSSION 

Fig. 1 shows the i.r. and Raman spectra of the three 
- - 1  

samples in the range 800-600 cm , where the d4 mode of CO; 

ions appears. 

band at 715 cm-' in Raman which coincides with the i.r. band at 

The Calcite-r ich specimen (a) gives a single 
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CO; IONS IN ARGONITE 

W 
0 Er 

735 

m 
0 b 

11 
b .; 

b 

0 0 

1 . h  

a 
d J  

RAMAN IR 

FIG. 1. Raman and i.r. spectra of unground (a, d) and ground 
(b, c, e) Calcium Carbonate. Spectra a and d correspond to a 
Calcite-r ich sample, spectra c and e toan Aragonite-rich sample 
and spectrum b corresponds to a sample containing a mixture of 
both. 

710 cm-l. 

mode at 706 and 703 cm-' that corresponds to the two bands at 

708 and 700 cm in  the i.r. spectrum of this sample. Sample 

(b), formed by a mixture of Calcite and Aragonite, gives spectra 

which are  intermediate between those of samples (a) and (c). 

The Aragonite-rich specimen (c) produces a spl i t  

-1 

Site group analysis predicts that the site symmetry of the 
- 

CO- ion in Calcite and Aragonite must be respectively D3 and C,, 

while symmetry in the free ion i s  D 

chart for  Dgh, D3, and C 

3 
( 6 )  The correlat ion 

in Fig.2 shows how the existence of 
3h ' 

S 
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- 
FIG. 2. 
and Cs (Aragonite). 
modes, respectively , 

Correlat ion chart for  D3h (free co, ion), D3 (Calcite) 
IR and R stand for infrared and Raman active 

Aragonite (C, symmetry) and/or Calcite (D3 symmetry) in a spe- 

cimen of CaCO can be ascertained from the number of bands in 

the i.r. o r  Raman spectrum of the sample. In part icular, spl i t-  

ting of the 

tion of Calcite and/or Aragonite. 

3 

34 mode i s  of diagnostic value for qualitative detec- 

Fig. 3 collects data of i.r. and Raman recently compiled by 

Nakarnot~ '~ )  fo r  the vibrational modes of the f ree CO; ion, Cal- 

cite, and Aragonite. In the i.r. spectrum of Aragonite, this 

author reports a spl i t  band at 1504 and 1492 cm-1, corresponding 

to the 

which corresponds to the 34 mode. On the contrary, fo r  

Raman spectra of the same compound, this author does not repor t  

- 

33 mode, and another spl i t  band at 71 1 and 706 cm", 
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1504 1482 

FIG. 3. 
CO; ion, (b)Calcite, and (c)Aragonite. (Data from ref .  7). 

Position of the infrared and Raman bands fo r  (a)free 

any spl i t t ing in either of the two modes (i.e., only single bands 

at 1460 and 704 cm-l a re  reported), in spite of the predict ion 

from the correlat ion chart above that both modes should be spl i t  

and i.r. and Raman actives. 

Raman spectra i n  Fig. 1 show that, in agreement wi th the 
( 5 )  X-ray data , the original Calcite-r ich sample only shows a 

single band at 715 cm-l (spectrum a) corresponding to the 34 

mode, which coincides w i th  the i.r. band at 710 cm 

b) and values in the l i terature 

When the sample i s  ground fo r  4.5 h additional bands at 706 and 

703 ern-' develop which must be ascribed to the new Aragonite 

phase detected by X-ray, 

706 and 703 cm were the only ones present in the spectrum, 

while X-ray indicated an almost complete transformation o f  the 

specimen into Aragonite. These two bands must be ascribed 

to the two A1 modes of the Aragonite ar is ing from the 

- 1  
(spectrum 

(7) -1 
(i.r. :706 cm ;Raman:714 crn-'). 

After 8 h of grinding, the bands at 
-1 

44 mode, 
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7 38 RIVES-ARNAU, MUNUERA, AND CRIADO 

- 
that was or ig inal ly degenerated both in the free CO; ion (Dsh) 

and in the Calcite form (D3). This is confirmed by the i.r. 

spectrum included In Fig. 1 (spectrum e), where the original 

band at 710 cm-' has disappeared and two bands at 708 and 700 

cm a re  now recorded, which closely matches the i.r. data 

reported in the l i t e r a t ~ r e ' ~ )  (71 1 and 706 cm-I). 

- 1  

Although N a k a m ~ t o ' ~ )  and Rao(4), among others, have 

previously reported the spl i t  4 mode in the i.r. spectra of 

Aragonite (pure and doped), to the authors! knowledge, the 

Raman spectrum of the spl i t  

f i r s t  time. 

34 mode i s  here reported fo r  the 
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