
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Formate Ion Internal Vibrations in Lithium Formate Monohydrate
(LiX'CO2.X''20)
Yoshiyuki Hasea; Marcia L. A. Temperinib

a Instituto de Química, Universidade Estadual de Campinas, Campinas, SP b Instituto de Química,
Universidade de São Paulo, Satilde;o Paulo, SP

To cite this Article Hase, Yoshiyuki and Temperini, Marcia L. A.(1983) 'Formate Ion Internal Vibrations in Lithium
Formate Monohydrate (LiX'CO2.X''20)', Spectroscopy Letters, 16: 6, 441 — 449
To link to this Article: DOI: 10.1080/00387018308062363
URL: http://dx.doi.org/10.1080/00387018308062363

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018308062363
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 16 ( 6 )  , 44 1-449 ( 1983)  

FORMATE ION INTERNAL VIBRATIONS IN LITHIUM FORMATE MONOHYDRATE 

(LiX'C02.X"20) 
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ABSTRACT 

The internal fundamentals of the formate ion in lithium 

formate monohydrate have been investigated for eight isotopically 

substituted compounds by the aid of Raman spectroscopy. 

basis of the H/D and 

fundamental bands, it has been concluded that the internal 

vibrations are not strongly coupled with the external vibrations. 

The product rule has been applied to the HCO;/DCO; fundamental 

wavenumber; to discuss an anharmonicity correction for the 

formate ion internal fundamentals. 

On the 
6 7  Li/ Li isotope effects observed for the 
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442 HASE AND TEMPERINI 

INTRODUCTION 

7 The application of 6Li/ Li isotope substitution in lithium 

compounds is generally very useful in the analysis of the solid 

state vibrational spectra. This technique is particularly 

interesting, when combined with the HID isotope substitution, to 

study the vibrational mode mixings. In the case of lithium 

formate monohydrate, the vibrational studies based on the HID and 

6Li/ Li band shifts were reported for the external vibrations in 

the 700-200 cm-’ region by infrared spectroscopy and in the 

300 - 25 cm-’ region by Raman spectroscopy. ’ ” 
spectral data and the results of the factor group analysis, the 

seeming degeneracies owing to the weak crystal force field among 

the sites were considered for many external fundamentals. A s  a 

consequence of this complication, the mode mixing between the 

internal and external modes of vibration could not be discussed 

in these papers. On the other hand, the single crystal polarized 

Raman measurements have shown that the correlation field band 

splitting on the formate ion internal fundamentals was not so 

clearly observable in lithium formate m~nohydrate.~’~ 

7 

From the observed 

In the present paper, the formate ion internal vibrations 

are investigated for eight isotopically substituted lithium 

formate monohydrates by the use of laser Raman spectroscopy. The 

isotope product rule is applied to the fundamental wavenumbers 

to consider an anharmonicity correction. 

EXPERIMENTAL 

The preparative procedures for the eight isotopically sub- 

stituted lithium formate monohydrates, 6LiHC02 .H20, 7LiHC02 .H20, 
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LITHIUM F O W T E  MONOHYDRATE 443 

6LiDC02.H20, 7LiDC02.H20, 6LiHC02 .D20, 7LiHC02 .D20, 'LiDC02 .D20 

and 'LiDCO .D 0, followed the method described elsewhere.' 

Raman spectra were recorded for polycrystalline compounds using a 

Cary 82 and Jarrell-Ash 25-300 laser Raman spectrometers equipped 

with argon ion lasers (514.4 nm) as the excitation source. 

The 2 2  

RESULTS AND DISCUSSION 

Table 1 gives the fundamental wavenumbers of the formate ion 

internal vibrations. The correlation field band splitting was 

not clearly observed for any fundamental bands. The spectral 

data were assigned, on the basis of a CZv symmetry, by comparison 

with those of related compounds. 5-9 

A s  seen in Table 1 ,  the formate ion internal fundamentals 

are not meaningfully affected in their band positions by H O/D 0 

and 6Li+/7Li+ substitutions. 

internal and external modes of vibration of the H O/D 0 sites nor 

the 6Li+/7Li+ site translations are strongly mixed with the 

HCO-/DCO; internal modes. 

internal fundamentals are remarkably isotope shifted by HCO;/DCO; 

substitution as expected. 

H/D isotope mass effect in the kinetic energy terms. 

2 2  

This indicates that neither the 

2 2  

On the other hand, the formate ion 2 

The band shifts are mainly due to the 

To study the vibrational mode mixing between the internal 

and external modes of the HCO;/DCO- sites, the product rule based 

on the Wilson's GF matrix method is applied to the fundamental 

wavenumbers. The observed fundamental wavenumbers are generally 

used in place of the normal wavenumbers because of the diffi- 

culties to determine a complete set of normal wavenumbers of a 

2 
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444 HASE AND TEMPERINI 

TABLE 1 

Internal Fundamental Wavenumbers (cm-l) for Formate Ion 

6LiHC02.H20 7 LiHC02 .H20 6 LiHC02 .D20 7 LiHC02 .D20 

v (a ) v C-H 2859 2860 2859 2860 

v2(al) vsC02 1371 1373 1371 1372 
1 1  

v3(al) 6 C02 793 793 793 793 
v4(bl) w C-H 1069 1069 1069 1069 

v5(b2) vaC02 1588 1588 1588 1588 

U6(b2) P C-H 1390 1390 1390 1390 

'LiDC02 .H20 7 LiDC02.H20 6 LiDC02 .D20 7 LiDC02 .D20 

v (a ) v C-D 21 53 2154 2153 2154 

v2(al) vsco2 1341 1343 1342 1343 
1 1  

v3(al) 6 C02 788 788 788 788 
v4(bl) w C-D 913 913 913 913 

v5(b2) vaC02 1575 1575 1575 1575 

v6(b2) P C-D 1029 1029 1029 1029 

polyatomic molecule. 

symmetry species. 

internal and external modes i s  not negligible for a symmetry 

species, the experimental product ratio in question must be 

different from the theoretical value. 

The product rule is applicable to a single 

When the vibrational mode mixing between the 
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LITHIUM FORMATE MONOHYDRATE 445 

Since the potential function of a molecule does not change, 

under the Born-Oppenheimer approximation, by any isotope sub- 

stitution, the F matrix for the HCO- site vibrations is exactly 

the same with that for the DCO- site vibrations. In other words 

all of the F matrix elements for the formate ion are taken to be 

F /F =1.000, even for the H/D-substitution sensitive fundamenta 

modes, in spite of an appreciable anharmonic effect. 

2 

2 

D H  

(for FD/FH=l.OOO) 
I G" I 

The product ratios based on a C 

The experimental ratios for b 

satisfactorily with the theoretical ratios in Column 11, while 

the experimental ratio for a species is fairly different from 

the theoretical value. 

due to the mode mixing with the HCO;/DCO- site external vibra- 

tions or to the neglect of an anharmonic effect correction in the 

use of the observed fundamental wavenumbers. The former explana- 

tion is very difficult to be proved experimentally because the 

HCO-/DCO- site translations are substantially coupled with the 

H20/D 0 site translations.lY2 However, since the formate ions 

are situated in general site positions, 'O-" it does not seem 

reasonable that the mode mixing between the internal and external 

vibrations occurs for al species only. 

structure are given in Table 2. 2v 

and b2 species in Column I agree 
1 

1 

The discrepancy in the al species may be 

2 

2 2  

2 

Recently, Kidd and Mantsch reported the physical force field 

of the formate ion in sodium formate.13 

anharmonic effect on the observed spectral data by applying the 

They investigated the 
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TABLE 2 

Isotope Product Ratios for HCO;/DCO- 2 
(Czv Structure) 

I 
Obs. 

I1 I11 

Calc. Calc. 

CHJCD FD/FH=l .OOO FD/FH=l .026 

(ll=l) 

a l  

b l  

b2 

~~ ~ ~ ____ ~~ ~~ ~~ 

1.366 1.398 1.380 

1.171 1.174 1.159 

1.362 1.366 1.349 -- 

Donnison's rule. l4  

for the uncorrected and corrected wavenumbers. In the present 

work, we attribute the anharmonicity correction to the F matrix 

part of the product rule. According to Shimanouchi and Suzuki, 

the molecular force field for the HID-substituted compounds using 

the fundamental wavenumbers is reasonable in comparison with that 

from the normal wavenumbers, when the diagonal F matrix elements 

for the H/D-anharmonicity influenced vibrations are considered 

independently. l 5  

be FD/FH=1.026. 

The force constant refinements were studied 

They suggested that the correction factor may 

The product rule is written as follows: 

x (1.026)-'" (for FD/FH=1.026) 
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LITHIUM FORMATE MONOHYDRATE 447 

TABLE 3 

Isotope Product Ratios for HCO-/DCO- 2 2  
(c 1 Structure) 

Calc. F ~ / F ~ = I  .026 (v=o) ( F , , / F ~ = I  .ooo) RATIO = 2.242 

( n = l )  2.185 

(n=2) 2.130 

(rl=3) 2.076 

Obs. GHKD RATIO = 2.179 

where rl is the number of H/D-anharmonicity influenced vibrations. 

The calculated product ratios are given in Column 111 of Table 2. 

1 With this anharmonicity correction, the theoretical ratio for a 

species is closer to the experimental ratio, but the discrepancy 

is still unsatisfactory. On the other hand, the agreements 

f o r  b and b species are very reasonable for the uncorrected 

product rule. Alternately, by considering the symmetry lowering 

of the formate ion structure in lithium formate monohydrate, 

the product rules are applied to the C site structure. As 

seen in Table 3, the theoretical ratio for n = 1  is comparable 

with the experimental value. 

1 2 

1 

From the results above mentioned, it is concluded that the 

formate ion internal fundamental vibrations are not mode mixed 

with any external vibrations. The anharmonic term is important, 

to a normal degree, in describing the potential function for 
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448 HASE AND TEMPERINI 

the C-H/C-D stretching vibration. 

of the formate ion site in lithium formate monohydrate crystals, 

the C-H/C-D stretching vibration is slightly mixed with the 

C-H/C-D bending vibrations which results in a reasonable 

F matrix correction using the isotope product rule for the C 

site structure. 

Due to the symmetry lowering 

1 
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