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VLBR21110i%AL SPECTRA OF AND ISOI'OPL JFt'EC'T IN HYDROGEN BONDED 
POTASSlUM HYDROGElrl OXAL4I'E 

Ki: wolds : Infrarcd spectra, Rainan spectrx, Iso~opc cifcct. Hj.drogen bond 

1 
Thr cr;stnl ~triicture of poiajs~um hydrogen oxa1:iie. KHC 0 113s been drtermiiied b!- Pedcrscn . 2 4 '  

Therc i:rc intiriitr ch:i;ns of hvdro:cii ox:iliitc ion5 held toacthcr b}- 5horl (2 .  534 A) h) drogen bonds. Thc 

0-D. .  0 diql.ince oi KDC 0 
2 4  

derived Irorri l a t t i ce  constant rh:ingm i c  estimated to be ;ilrout 0.005 A 1:irxer 

than Ihr 0-H..O dv3!ance which niritnr that the isotope c i f cu  i s  s ~ m r t l l ~ .  Wc believe.  howvc\cr, on ihe 

:round 01' !lie jiifrarcd ni:d R;:IIILAII spcctrn of KHC 0 

clfccl  in 11it.-e cr) stals i ,  much 1ar;cr. 

:ind KDC 0 rcportcd in this papcr, 1!1:11 Ihr isompe 
2 4  2 4  

EXPERIMENTAT. AND R E S U L S  

1 
KHC 0 ;ind KDC 0 w<*rp prc'pred b) the method dcicrihcd by Pcdersen . Illhared spccira from 

2 4  2 4  
-1 -1 

xnd from 200 10 33 u r i  4000 tu 200 cnl wcrr made with :I Perkin-Elmer 225 and a Hcclcninn IR 1 I 

:pcctro~~ho~ometer  rerpcr t ivt . l i .  All the apcctra were of the  solid statc as cmulsi.Jns 111 K u j o l  ::MI Fluorolubr. 

R.ini:in spcclrii of cystiil powders scalcd in glasa lubes wl'rr ohtninrd on 3 Coderg FU 1 instrument using thv  

4889 A Iiw 6,f  :m Ar+ l:ts:r (C. K .  1.. modcl 52) :md the 6328 A linc of a Ilc-Nu l a s x  (Spectraphysics 

Modrl 125). 

'I'h,. infrared spectra of I(HC204 and KuC204 a t  room and liquid sitrogen tcmprrature arc shown in 

1 
l:ig, 1. ?'hi. rooiii iciiip~~:'xtui'c ,pcctr:i are prncricnlly the sniiie as tliusc recorded by Pcdcrscn 

4000-650 cm 

(or t h c  

- 1  
region cxccpt for 1110 water bands shown in his  spcctra. Thc ,Ranian spectra of acid o x d a t c s  

. I K  h o w r r  i l l  Fig. 2. Thi. f r~q i i cnc ie s ,  relzt ivc intemitics 2nd 1.h': gssipmmts of the corresponding bands arc 

given in Tablrs 1 .and 2. 

1 

Copyright . '  1971 by Marccl Dckker, Inc. NO PART of this work may be reproduced 
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without the written pcrmission of the publisher. 
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J. de VILLEPIN AND A. NOVAK 

TABLE 1 

Infrared and Raman irequencies ol potassium hydrogen oxalate 

IR 300 K 

KHC 0 
2 4  

Ill 90 K 17 .I m an IR 300K 

~~ ~~~ 

KDC 0 
Assignment 2 4  

IR 90 K Raman 

2680 sh 

2440 m, b 
1975 sh 
1800 sh 
1720 s 
1701 s 
1678 

1610 s, b 

1468 sh 

1403 vs 
1340 sh 
1310 m 
1270 s 
1200 s , b  
1103 sh 

879 w 
859 w 

719 s 

605 m 
590 ms 
498 s 
462 sh 
364 s 
320 m 
267 m 

2680 

2460 
2000 

1719 
1702 
1678 

1580 

1490 
1445 

1422 
1404 
1342 
1317 
1278 
1170 
1121 

985 

882 
860 

722 
6 05 
590 
498 
462 
370 
321 
2 74 

2340 (5) 

1950 (4) 

1717 (44) 
1703 (25) 

1667 (22) 

1470 sh 

1423 (55) 

1313 (4) 
1292 (3) 
1191 (6) 
1108 15) 

901 (9) 
882(100) 
859 (13) 

719 (14) 
611 (11) 
588 (6) 
491 (28) 
452 (15) 
364 (4) 

2220 w 
1985 sh 
1845 sh 
1770 sh 

1722 s 
1701 s 
1680 

1643 s ,b 
1623 sh 

1478 w 

1429 s 
1406 sh 
1338 w 
1309 w 
1282 m 

1244 s .b 

1110 m 
955 sh 

874 w 
857 w 
793 ms 
683 s 

600 m 
587 ms 
490 s 
457 s 
360 s 
315 w 
251 sh 

2230 
1985 
1853 
1773 

1724 
1707 
1681 

1658 
1630 

1486 
1465 
1433 
1408 
134 1 
1315 
1288 
1228 

1120 
975 
942 

879 
860 
807 
687 
600 
586 
497 
457 
36 7 
3 16 
257 

I 2214 (4) 

1882 (8) 
1775 (6) 

1703 l7I7 (23) (42) 

1669 (32)] 

1626 (g)] 

3 
143q100Y 

3 

J 

1287 (3) 
1227 (7) 

1102 (4) 

870 (53) 
856 (17) 
783 (4) 
681 (13) 

595 "'1 
480 (27) 
443 (13) 
349 (2 )  I 

(a) 

v c=o 

v coo 

(a) 
6 OH 

comb 

v coo 

comb 

v c-0 
( 4 
Y OH 

S 

b OD 

comb 

v c-c 

Y OD 
6 COO (H) 

f Coo 

PC" 
6 COO 

w coo 

-1 
100 c m  . (a) Subbands of the 011 or OD stretching band centered neaP 1500 
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VIBRATIONAL SPECTRA OF AND ISOTOPE EFFECT IN K11C204 

TABLE 2 

Infrared and Raman frequencies of lattice vibrations of potassium hydrogen oxalate 

KDc Z04 Assiqnnent 
KHC 0 

2 4  
IR 300K IR 90K Rnman IR 30OK IR 90K Raman 

186 s 1% 193 wv 
172 sh 170 sh 

150s ,b  163 
150 145 sh 

135 ms 
125 ms 

104 m 

82 sh 

73 sh 

112 w 115 

90 m 93 

76 m 78 

185 s 195 

150s,b 165 
170 sh 173 sh T' 

1 so 143 sh 
133 ms R' 
125 ms 

105 w 

83 sh 

109 w 113 

90 m 93 

76 m 78 

61 sh 
43 sh 

DISCUSSION 

5 Potassium hydrogen oxalate crystallizes in the monoclinic system, space group P2 /c (C ) with 2 : 4. 1 211 
1 The crystal is built of infinite chains of non planar HC 0 

results of the corresponding factor-group analysis are shown in Table 3. 

ions held together by short hydrogen bonds . The 
2 4  

TABLE 3 

2h Symmetry species and selection rules for factor poup C 

and the number of internal and latticc vibrations of KHC 0 
2 4  

crystal 

czh IR R n ni T TI  R' 

Ag f a 2 4 1 5 0  6 3 
Rg f a 2 4 1 5 0  6 3 
AII a f 24 15 I 5 3 
Bu a f 2 4 1 5 2  4 3 

IR : infrared, R : Raman, n. : internal vibrations, T' : translational 

and R' : rotational vibrations, f : forbidden, a : active 
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J. de VILLEPIN AND A. NOVAK 

The hydrogen oxalate ions are in  general positions and each of the fifteen intramolecular modes is 

expected LO have four components, two infrared and two Raman active. An approximate description of the 

internal modes in  terms of OH group vibrations and skeletal stretching and bending motions is based on the 

analogy with the spectra of NaHC 0 

The 4000-800 cm-' region. The most characteristic feature of the infrared spectrum of KHC 0 is a very 

strong and broad absorption, between 2800 and 800 ern-', on which other bands are superimposed (Fig. 1). 

This absorption centered at about 1500 

hydrogen bonded acid oxalate. Two OH bending and five skeletal stretching frequencies are expected in this 

region and are identified as follows. 

2 
2 4' 

2 4  

-1 
100 cm is assigned to the OH stretching vibration of the strongly 

The skeletal stretching frequencies appear near 1720-1701, 1667, 1423, 1290,and 882 cm-' and are 

approximately described as v C=O, v COO, v COO, v C-0 and v C-C motions respectively. All of them 

give rise to strong and narrow Raman bands, except the v C-0 mode, the intensity of which is low, and their 

frequencies vary relatively little on deuteration (Pig. 2). Four of their infrared counterparts are readily 

identified as well-defined bands or doublets while the assignment of the v COO vibration poses a problem. 

There is a broad absorption maximum near 1580 cm 

tormer is not likely to be due to the v COO vibration since it shifts by about 80 cm-' towards higher 

frequencies on deuteration while the Raman v COO band does not shift. The v COO mode is thus believed 

LO correspond to the deuteriation insensitive "transmission peak". The explanation of such transmission p e a k  

in terms of a resonance interaction between a narrow and a broad vibrational level was already given by 

Evans . In our case the narrow and broad levels would correspond to the v COO and v OH vibrations 

respectively. 

a 

-1 and a n a m w  "transmission peak" at I678 cm-'. The 

a a 

3 

The OH bending frequencies, which are deuteration and temperature sensitive, are identified at  1103 

I 
and 1470 cm- . The assignment of the former Lo a y OH motion is 

on deuteration ; the corresponding band is strong in absorption and very weak in Raman. The 6 OH Raman 

band, on the other band, is identified as the shoulder at 1470 cm 

KDC 0 . The infrared 6 OH band is difficult to locate in  the 1500-1400 cm 

with other bands while its 6 OD analog 

straightforward since it shifts to 793 CIT-'  

- 1  
which does not appear in the spectrum of 

region because of overlapping 
-1 

2 4  
-1 

is readily observed at 1110 cm . 
The remaining bands in  the 2800-800 cm-I region cannot be considered as fundamentals. In the 

infrared spectrum of KFIC 0 most of them appear as strong and broad bands or shoulden such as the 
2 4  
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VIBRATIONAL SPECTRA OF AND ISOTOPE EFFECT I N  KHC20b 

;ibsorptions near 2440, 1975, 1800, 1600,and 1200 cm-'. In the Raman spectnlm, similar broad bands arc 

observed near 2540, 1950, 16Kj and 1190 cm-', their peak intensity, however, being very low. In the infrared 

spectrum of KDC 0 the broad absorption weakens and narrows down to the 2100- lo00 cm-l  region. The 

absorption pattern is difIerent and the infrared maxima near 1985, 1853, 1640, and 1230 cm 

The same is true of the 1882, 1634 and 1227 cm-' Raman bands. The center of gravity of the main v OD 

absorption, however, does not seen to change considerably and the v OD frequency is Lhus roughly the same 

as the v OH frequency. The maxima and the shoulders may be interpreted as subbands of the OH (OD) 

stretching band in much the same way as the well-known acetic acid subbands in the 3000 cm-' region '. No 

assignment of the submaxima is given except for the 24.40 cm 

fundamentnl by Pedersen ', i s  likely to be due Lo a 6 OH + y OH combination since it shifts to 2460 cm- on 

cooling and disappears on deuteration. 

The 800-200 cm-' region. There are eight infrared and six Raman bands in this region where skeletal bending 

vibrations are expected (Table 1). All of them are assigned to intramolecular modes either on the ground of 

their position or, in the case of the low frequencies at 320 and 267 cm 

appear LOO large for lattice modes. 

2 4  
-1 

appear sharper. 

-1 
band. This absorption, assigned to a v OH 

1 

- 1  , because of their isotopic shifts which 

-1  
The frequencies near 719 and 498 cm can be assigned to 6 COO vibrations 01 the carboxylic and 

-1 
carboxylate groups respectively sinct! the former shiffs to 683 cm 

a strong Kaman band '. The 605-590 ern-' correlation field doublet and the 462 cm 

rocking vibrations by analogy with-the spectra of NaHC2042 while the frequencies near 364: 320 and 267 cm 

may correspond mainly to wagging and torsional motions. 

The 200-33 cm-' region. There are fifteen infrared (9T' + 6 R')  and eighteen Kaman active (12 T '  + 6 R ' )  

lattice modes (Table 3). Seven infrared and eight Raman lattice frequencies ate observed in the 200 to 

33 cm-' region and as expected their frequencies do not coincide (Table 2). We have no experimental 

criteria for assigning thcm in terms of symmetry species. It can be argued on general qaunds, however, that 

strong infrared bands near 196, 163 and 150 cm-l  are due mainly to translational vibrations and that strong 

Raman bands near 135, 125 and 105 cm ate due mainly to rotational vibrations. The external vibrations of 

acid oxalate chains necessarily include the hydrogen bond motions. Therc are eight hydrogen bond vibrations 

for a chain with a repeat unit comprising t w o  HCz04 ions and it was shown for similar systems that there are 

on deuteration and the latter gives rise to 

-1  
band are described as 

-1 

-1 
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J. ae VILLEPIN AND A. NOVAK 

two hydrogen bond srrctching vibrations one of translational and one of rofational origin5. The former could 

thus be sought in the 200-160 cm- and the latter in the 150-135 cm-I regions. A linear triatomic 0-H. .O 

modcl calculation indicates that the symmetric stretching frequency is not expected above 250 cm 

system with the antisymmehic frequency at about 1500 cm 

Isotope effect. There is a strong positive isotope effect in the NaHC 0 crystal containing infinite chains of 

HC 0 - ions, the 0 - H .  .O and 0-D. .O distances being 2.571 and 2.593 

infrared spectra has shown that the center of gravity of the very broad 011 stretching band near 1800 

almost does not shift on deuteration while the 6 OH and y OH bands m a r  1440 and 1042 c m  

1 

-1 
for a 

-1 . 

2 4  

respectively '. An analysis of the 

100 cm 

2 4  
-1 

-1 . yield the iso- 

topic ratios of 1.33 and I. 38 respectively L. This was interpreted by assuming that the expected v OH/VOD 

isotopic shift is r=ghly compensated by the weakening of the hydrogen bond on deuteration '. We believe 

that milch the samc occurs for KHC 0 

:rccordingly the v OH frequency is lower (1500 f 100 cm- ) and the 6 OH (1470 cm-l )  and y OH (1103 cm-l )  

frequencies are higher. The isotopic ratio for the v OH frequency is close to unity and those of the OH bending 

frequencies equal to 1.34 and 1.39. The lengthening of the hydrogen bond distance is thus expected to be at 

least as big as that in the sodium acid salt, i. e., of about 0.020 A imtead of 0.005 A . 

The hydrogen bond in this compound is even shorter (2.534 4 and 
2 4' 

1 

0 1  
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