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Raman and infrared spectra of polycrystalline q ,  i2C204 and 7Li,)C204 have 
been investigated in the wavenumber region from 1,800 to 40 cm -1. The internal 
C204 -~ vibrations have been studied on the basis of a D2h molecular structure 
and the correlation field splittings have been found to be about 40 cm-~ for the 
stretching modes and about 15em 1 for the bending modes. The external 
vibrations of the Li + and C204 2 sites have been discussed by considering the 
results of the factor group analysis and the 6Li/TLi isotope effect on the normal 
vibrations. 

(Keywo.rd~: Correlation field band splitting; aLi/TLi i,sotope @ct; Lithiwm 
oxalate; Raman and infrared spectral data) 

Raman- und I@arot,b'pektren yon 6Li2C204 und 7Li~C204 

Es wurden Raman- und ]R-Spektren yon polykristallinem 6Li2C~_Oa und 
7Li~C.~04 im Bereich der Wellenzahlen yon 1 800 his 40era 1 untersucht. Die 
internen Schwingungen wurden auf der Basis einer D2h Molek/ilstruktur 
analysiert. Ftir die Streckschwingungen wurde eine Korrelationsauf~paltung 
yon etwa 40 cm -1 gefunden, ftir die Defbrmationsschwingungen etwa 15 cm 1. 
Die Diskussion der externen Schwingungen yon Li+ und C204 -2 erfolgte unter 
Berficksiehtigung der Resultate der Faktorgruppenanalyse und des 6Li/TLi 
Isotopeneffekts auf die Normalschwingungen. 

Introduction 

R e c e n t l y  the  op t i ca l ly  ac t ive  n o r m a l  v i b r a t i o n s  of some inorganic  
l i t h ium c o m p o u n d s  have  been i n v e s t i g a t e d  t a k i n g  the  resul t s  of the  
fac to r  g roup  ana lyses  in to  considera. t ion and  the  ef fec t iveness  of the  
6Li/TLi i so tope  effect  on the  n o r m a l  v i b r a t i o n s  has  been discussed to 
ana ly se  the  obse rved  v i b r a t i o n a l  spec t r a  1-s. The  spec t r a l  d a t a  for solid 
s t a t e  a n h y d r o u s  d i l i t h ium oxa ta te ,  Li2C204, have  been r e p o r t e d  b y  
severa l  au tho r s  9-1z, however  t he  con ten t s  of  these  p rev ious  pape r s  have  
been l imi t ed  to  the  in f ra red  ac t ive  i n t e rna l  v i b r a t i o n s  of the  oxa l a t e  ion 
on ly  and  the  Raman ac t ive  ones have  n o t  y e t  been discussed up to  the  
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present.  Also, the  external  v ibrat ional  modes of  the Li + and (~204 -2 sites 
and the correlat ion field band  split t ings of  the  internal  C.)04 -2 vibra-  
t ions have no t  been invest igated as ye t  by  a ny  means of  the vibrat ional  
spectroscopy.  

In  the present work, the Raman and infl'ared spectra tbr polycwstalline 
6Li2C204 and 7Li2C204 are repor ted  and the  observed spectral  da t a  are 
analysed tak ing  the results of  the normal  mode analysis for the 
monoelinie C~h space group,  the  6LiflLi isotopic w a v e n u m b e r  shifts and 
the correlat ion field band  split t ings of  the internal  C204 -2 vibrat ions  
into account .  

Experimental 

6Li2C204 and 7Li2C204 were prepared, respectively, by neutralization of 
aLiOH' H20 and 7LiOH. H.~O with oxalic acid to pH 5.0 6.0. As the starting 
materials, 6LiOH.H20 was converted from metallic eLi (> 95~ enriched) by 
the reaction with water and lithium hydroxide monohydrate commercially 
obtained was used as 7LiOH" HsO without further purification. The neutralized 
aqueous solution was evaported slowly until Li2C204 was crystallized and the 
precipitate was completely dried under reduced pressure. The purities of the 
reaction products were checked by the analysis for Ce04 -e applying the ion 
exchange technique and also by the atomic absorption spectrochemical analysis 
for Li +. 

The Raman spectra were recorded in the 1,800.40cm -1 region for the 
polyerystalline samples using a Jarrell-Ash model 25 300 spectrometer. The 
488.0 and 514.5 nm lines of an Ar+ laser were used as the exciting source. The 
infrared spectra were also recorded in the 1,800.40 cm -1 region for Nujol and 
Fluorolube mulls between two CsI or polyethylene plates using a Perkin Elmer 
I g  180 spectrophotometer. The spectral resolution in this study was typically 
2.0-4.0 cm -1, but a resolution of 5.0-8.0 em -1 was used for broad bands. The 
observed bands should be accurate to + 2.5 cm-L 

Results and Discussion 

According to the X - r a y  diffract ion s tudy  by  Beagley and Small 13, 
anhydrous  di l i thium oxalate  crystallizes into a monoclinic latt ice of  
space g roup  P21/n - C~h f rom aqueous  solution and the crystal logra-  
phic uni t  cell, which is also a pr imit ive  uni t  cell, contains two formula  
units  of  Li.~C204. I n  the crystal  force field, the oxalate  ions occupy  sites 
of  s y m m e t r y  Ci located at posit ions (0, 0, 0) and (1/2, 1/2, 1/2), while four  
equivalent  l i thium ions are s i tua ted  in general posit ions of  s y m m e t r y  
C 1. The results of  the fac tor  g roup  analysis for Li~C2Q are given in 
Table 1. The s t ruc ture  of  the reduced representa t ion  of the 45 opt ical ly 
act ive normal  modes of  v ibra t ion is found to be 

Pvib = 12Ag + 12Bg + l l A  u + 10B u. 
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The normal  vibrat ions of species Ag and Bg are active in the Raman 
spectrum, while those of species A u and B n are active in the infrared 
spectrum. 

In  Table2,  the Raman and infrared wavenumbers  observed for 
polycrystall ine 6Li2C204 and 7Li2C204 are summarized,  together  with 
the relative intensities. To facilitate the band assignment and dis- 
cussion of the normal  vibrations, the internal and external vibrat ions 
will be t rea ted  separately. 

Table 1. Re~sult of factor group analysi8 for Li2C204 

n R' T ~ 

5 N T 
C2h 

%0[ c 0[ + 

A 12 6 3 0 3 0 
g 

B 12 G 3 0 3 0 
g 

A 12 5 0 5 i u 

B 12 6 @ 4 2 u 

N, number of total freedom; n, number of internal vibrations; 

R' number of rotational lattice vibrations; T' number of 

translational lattice vibrations; T, number of translations. 

Internal Vibrations 

Since the oxalate ion in the Li2C204 crystal  has the Ci site 
symmetry ,  the molecular s tructure of the ion is found to be non-planar.  
However,  it is also known from the X- ray  structural  analysis 13 tha t  the 
deviations of the six a toms from an imaginary  molecular plane are quite 
negligible. In  addition, the C- -O bond distances are found to be 1.264 
and 1.252• and the C - - C - - O  valence angles to be 116.4 ~ and 116.3 ~ 
Therefore, it can be assumed tha t  the free oxalate ion has the D2~ 
planar  structure. A s ym m et ry  correlation diagram among the D2h 
molecular group, the Ci site group and the C~I ~ factor  group is presented 
in Table 3, together  with the numbering of normal vibrations. Since the 
shortest  0"-" 0 distance between two different oxalate ions is 2.814A 
and somewhat  shorter than twice the van der Waals radius of oxygen 14, 
the band separations of the internal vibrat ions due to the correlation 
field effects are expected to be not so small. The vibrat ional  assignment 
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is carried out taking the Raman-infrared mutual exclusion rules into 
account and in comparison with the vibrational analyses for 1~3.2C204 
and Na2C204. H2Q 18, K2C~O4' H2016-1s and (NH4)20204' H20~9. 

For the oxalate ion whose site symmetry is not far from D2h, the 
C--O stretching vibrations are expected in the 1,670-l ,580cm -1 (vii ,  
1,650d,570 cm-1 (~a), 1,490-1A40cm-1 (h) and 1 ,380d,300cm -1 (v9) 
regions12, l~-~s. Taking the symmetries of the vibrational modes into 
account, two Raman intense bands at 1,647 and 1,487 cm -1 and two 

Table 2. Raman and infrared spectral data (in cm -1) for 6Li2C204 and 7Li2C204 

6Li2C204 7Li2C204 

Raman In[rar ed Raman Infrared 

As s ig rme nt 

1744 w 1744 w 2~ 2 

1660 vs,br 1660 vs,br ~ii ~(C-O) 

1647 m 1647 m 
} ~5 ~(C-0) 

1659 w 1609 w 

1487 vs,br 1487 vs,br ~i ~(C-O) 

1420 w 142C w 

} ~2+~i0 
1392 w 1391 w 

1375 w,sh 1373 w, sh 
} ~9 ~(C-O) 

1336 vs 1336 vs 

909 s 909 s 
} v 2 v (C -C)  

874 m 873 m 

786 s,sh 784 s,sh 

} v12 p(CO 2 ) 
775 s 775 s 

612 w 611 w 
} ~S p(C02) 

598 w 594 w 

529 s,sh 528 s,sh 
} Vl0 6 (CO 2 ) 

813 s 512 s 

513 m 611 m 
} ~3 6(C02) 

503 w,sh 551 w,sh 

468 w~br 437 w,br T' (Li +) 
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Table 2 (continued) 

6Li2C204 

Raman Infrared 

7 
Li2C204 

Raman Infrared 

As sigr~ne nt 

460 s,br 435 s,br 

392 w 390 w 

387 vw,sh 386 vw,sh 

375 s 374 s 

358 m,sh 356 m,sh 

290 m,br 285 m,br 

230 w 227 w 

214 m 212 m 

196 w 196 w 

159 s 159 s 

136 vs 136 vs 

I16 s 116 s 

97 vs 97 vs 

88  s 87 s 

85 s 84 s 

T'(Li + ) 

} v 7 ~(CO 2 ) 

} ')8 re(C02) 

v 4 ~(C-C) 

R'(C2042 ) 

T'(C20~ 2 ) 

R'(C20:2 ) 

R'(C20] 2 ) 

R'(C2022 ) 

T'(C20~ 2 ) 

R'(C2022 ) 

T'(C2022 ) 

R'(C20~ 2) 

vs, very strong; s, strong; m, medium; w~ weak; vw, very 

weak; sh, shoulder; br, broad. 

infrared intense bands at 1,660 and 1,336 cm -1 are directly assigned as 
95, ~1, Vll and ~9, respectively.  The band splittings due to the correlation 
field effect are observed for 'J5 and v9 and the weak bands at 1,609 and 
1,375 em ] of 6Li~C204 and those at 1,609 and 1,373 cm 1 of VLi2C204 are 
also assigned to the C- -O stretching vibrations.  On the other hand, it is 
very  difficult to find out  the band splittings of vn and ~1 because these 
split bands are covered with the very  strong and broad bands at 1,660 
and 1,487 em 1. The band separations of about  40 em -1 are comparable 
with those for Na2C204 and •a2C204' H20215, but these values are 
remarkably larger than those reported for K2C204 " H2016 18. The C C 
stretching vibrations (v2) are identified at about  9 0 0 c m  1 urith the 
correlation field effect of about  35 em 1. The fundamental  wavenum-  
bers of the C---C stretching vibrations are found to be not  so affected by 
the structure changes of  the oxalate  ions in the crystals 15-19. 



1270 Y. Hase and l. V. P. Yoshida : 

Since the oxalate ion in the Li2C204 crystal has the Ca site 
symmetry,  there are three Raman active and three infrared active C Q  
bending vibrations and each vibrational mode may be split by the 
correlation field. The fundamental  bands of the C02 bending vibrations 
are expected in pairs in the wavenumber region from 800 to 250 cm 1 
and, of course, these bands do not show the characteristic 6Li/TLi 
isotopic wavenumber shifts. Taking into account the band assignments 

Table 3. Correlation diagram for 0204 -2 

Molecular Site Factor 

g roup group group 

Modes Activity 
5 

D2h C i C2h 

v I ,v 2 ,v 3 Ag A 
~ Raman g 

v5 'v6 'Rz Big Ag 

Ry B 2 g ~  "~ ~ B Raman 
g 

v 7 ,R x B3g 

v 4 A 
u ~  A u Infrared 

v 8 ,T z Blu Au 

v 9 ,VlO ,Ty B 2 u ~ /  B u Infrared 

Vll'Vl2'Tx B3u 

The cartesian coordinate system is chosen so that the z-axis 

is perpendicular to the molecular plane and the y-axis along 

the C-C direction. 

of Na2C204 and Na~C204' H20215, the Raman bands at about 600, 510 
and 390era -1 are undoubtedly assigned to the C Q  rocking (v6), 
scissoring ("3) and wagging ("7) vibrations. While, the infrared active 
CO2 rocking ("12), scissoring (h0) and wagging ("s) vibrations are 
identified at about  780, 520 and 365 cm -1, respectively. The correlation 
field splittings of the C02 bending vibrations are found to be about  
15 cm 1. 

The C--C torsional mode (44) is known to be inactive in both the 
Raman and infrared spectra when the structure of the oxalate ion is 
D2h. However, this torsional vibration may become optically active 
with the symmetry  lowering of the oxalate ion in the crystal force field. 
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In deed, the wavenumbers for ~4 are found to be 148 cm -1 for Na2C20415; 
164cm -1 for Na~C204"tt20215, 232cm -1 for K2C204-H2016 and 
200 cm -1 for (NH4)2C204" H2019. Since the correlation field effect is also 
anticipated for this vibrational mode, the infrared broad band at about 
290 em -1 is in preference as v4 to the simple band at about 215 cm ~. 

External Vibrations 

In the Li2C20 a crystal, the lithium ion is surrounded tetrahedraily 
by four oxygen atoms of the oxa.late ions with the L i ' - '  0 internuclear 
distances from 2.071 to 1.931~ 13. Consequently, the Li ~ translational 
lattice vibrations are expected in the wavenumber region above 
300 cm -1 4, 5, s, 20, 21 with the characteristic isotopic wavenumber shifts 
given by 

,(6Li)/(TLi) = ~m~Li)/m(6Li) = 1.080, 

where rn(nLi) indicates the atomic mass of nLi, On the other hand, the 
translational and rotational lattice vibrations of the oxalate ions are 
expected in the wavenumber region below 300 cm-1 1~-19 

As seen in Table 1, there are 12 Raman active external vibrations, in 
which six are the Li + translational lattice vibrations and six the C204 -2 
rotational lattice vibrations. For the Li+ translational lattice vibra- 
tions, the accidental degeneracies are presumed because the lithium ion 
is placed at the center of the LiOn tetrahedron and two lithium ions in 
the crystal are very far apart. Actually, only one broad band at 
468 cm -1 of 6LieC204 gives the remarkable wavenumber shift upon 7Li- 
substitution and the ratio of 468/437 = 1.071 is reasonable to assign this 
band as the Li + translational lattice vibrations. In the Raman spectrum 
below 300 cm-L there are two weak, two strong and two very strong 
bands and the bands at 230, 196, 159, 136, 97 and 85 cm -1 are assigned 
with no doubt to the C204 -2 rotational lattice vibrations. 

As the infrared active external vibrations, there are 9 translational 
lattice modes. Taking the normal coordinates of the acoustic modes 
into account, it can be concluded that  six external vibrations of nine are 
adequately approximated by the Li + translational lattice vibrations 
which give the 6Li/TLi isotopic wavenumber shifts and three external 
ones by the C~04 -~ translational lattice vibrations. In analogy with the 
Raman active external vibrations, the broad bands at 460cm -1 of 
6Li2C204 and 435cm -1 of 7Li2C~04 are easily assigned to the Li+ 
translational lattice vibrations and the accidental degeneracies are also 
taken into account. The 6Li/TLi wavenmnber ratio is found to be 
460/435 ~- 1.057 and this value, which is somewhat smaller than that  
calculated for the Raman bands, can be corrected by adding the 
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acous t ic  modes  to  comple t e  the  n o r m a l  coord ina t e  sys tem.  F ina l l y ,  
th ree  in f ra red  in tense  bands  a t  214, 116 and  88 crn-1 are  a t t r i b u t a b l e  as 
the  C204 -2 t r a n s l a t i o n a l  l a t t i ce  v ib ra t ions .  

I n  th is  manne r ,  the  ef fec t iveness  of use of  the  ~Li/TLi i so tope  effect 
to ana lyse  the  v i b r a t i o n a l  spec t ra l  d a t a  was d e m o n s t r a t e d  for Li2C204 
and  the  f u n d a m e n t a l  w a v e n u m b e r s  for the  in te rna l  and  e x t e r n a l  
v i b r a t i o n s  were comple t e ly  found  ou t  excep t  for the  s t ruc tu re s  of  the  
Li+ t r a n s l a t i o n a l  ones. 
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