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ABSTRACT 
The infrared spectra of cobalt acetate dihydrate provide a di- 

rect evidence for the existence of quite strong hydrogen bonds for- 
med by the water protons. An intense band is, namely, found around 
2750 cm-‘. several additional bands are present at lower frequen- 
cies and bands originating from water librations appear above 1000 
cm”. The existence of a band around 3310 cm-‘, on the other hand, 
indicates that much weaker hydrogen bonds are also present. 011 de- 
uteration the protons involved in stronger hydrogen bonds are ap- 
parently replaced by deuterons to a higher degree than those for- 
ming weaker H-bonds. 

INTRODUCTION 

As part of our studies of various crystallohydrates, particular- 

ly of those interesting from the point of view of the hydrogen bon- 

ding in which the water protons take part [l-43, we now report the 

infrared spectra of protiated and deuterated cobalt acetate dihyd- 

rate recorded at room temperature (RT) and at temperatures down to 

that of 1 iquid nitrogen (LNT). Parts of the infrared spectrum of 

the protiated form at RT have already been reported by Stoilova et 

aZ. 151. the agreement with our spectra being not always perfect. 

EXPERIMENTAL 

Cobalt acetate dihydrate was prepared (according to the method 

described by Balarew et aL. [6]) by crystallization from acetic 

acid-water mixtures of appropriate composition and was recrystal- 

lized from the same solvent. The identity of the crystals was 

checked thermogravimetrically. Oeuterated analogues were obtained 

similarily with mixtures of Cl20 and CH3COOD being used as a sol- 

vent. Partial deuteration was accomplished likewise using solvent 

mixtures with varying H/D ratios. The infrared spectra were recor- 

ded on a Perkin-Elmer 580 instrument equipped with a VLT-2 cell. 
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RESULTS AND DISCUSSION 

The infrared spectra of cobalt acetate dihydrate, recorded at 

RT and LNT are reproduced in Fig. 1. 

Fig. 1. Infrared spectra at RT (upper curve) 
and at LNT of cobalt acetate dihydrate 

Imediately noticable are the bands below 3000 cm-’ which are indi- 

cative of quite strong hydrogen bonding. Thus, the intense band 

around 2750 cm-’ is over 200 cm-’ lower tnan the corresponding 

band in the spectrum of cobalt acetate tetrahydrate and almost 

tnat much lower than the similar band in the spectrum of nickel 

acetate tetrahydrate, despite the fact that in the latter compound 

one of the protons is involved in a rather strong, linear hydrogen 

bond (the 0,. s-0 distance being 261.9 pm) 173. In fact, judging 

from the frequencies of the bands in the OH stretching region, it 

seems safe to conclude that the hydrogen bonds formed by some of 

the water protons in cobalt acetate dihydrate are quite strong and, 

perhaps, among the strongest ones formed by water hydrogens. It 

should be noted that in the OH stretching region a relatively sharp 

band at around 3310 cm-’ is also present and, thus, the existence 

of much weaker hydrogen bonds is also indicated. 

In cases of O-H- ~-0 hydrogen bonds of considerable strength, a 

trio of bands (usually called A,B,C trio) is as a rule observed 

below 3000 cm-’ [8,9] and in our case the bands observed in this 

same region can probably be identified as the components of such 

a trio. It should be borne in mind, however, that in hydrates the 

analogues of 6(OH) and y(OH) have frequencies which differ from 

those in the usually studied hydrogen-bonded systems and that, con- 
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Fig. 2. Infrared spectra at RT and LNT of almost 
completely deuterated cobalt acetate dihydrate. 

sequently, the explanation given for the origin of the trio [lOI 

can not be used in its original form. 

Fig. 3. Infrared spec- 
tra of partially deu- 
terated samples of co- 
balt acetate dihydrate 

In line with the deduced strength of 

some of the hydrogen bonds is the appea- 

rence of water 1 ibrational band(s) above 

1000 cm-‘. Thus, a strong band which at 

RT overlaps the methyl rocking ones, clear- 
ly shows up at LNT (Fig. 1) and is shif- 

ted to sx 770 cm-’ in the spectrum of the 

deuterared analogue (Fig. Z), so that 

there is no doubt that 1 t originates from 

a water librational motion. At least one 

additional band at even higher frequency 

is, however, observed in the RT spectrum 

of the protiated form. It too disappears 

on deuteration and must, therefore, be re- 

lated to some water mode, probably agaln 
librational in character. 

Several other temperature- and deutera- 

tion-sensi tive bands are found at lower 

frequencies (Fig. 3), the gradual increase 

on deuteration of the band around 945 cm-’ 

being an indication that here, just as in 

a number of other instances, a water-ani 

on vibrational coupling between the car- 

boxylate vibrations (in this case v* of 

the acetate) and water librations 1s tak 

place. 

ing 
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It should be noted that on deuteration the protons involved in 

stronger hydrogen bonds are replaced by deuterons to a higher de- 

gree than those forming weaker H-bonds (see Fig. 2). Such a beha- 

viour does not seem to be exceptional and has been observed in 

other systems as well Cl]. 
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