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Abstract. Following our recent success confirming the identification of OCN− as the carrier for
the XCN feature (Park & Woon 2004a, 2004b), we have explored the formation of the formate
ion from formic acid (HCOOH) in an ice matrix using quantum chemical density functional
theory (DFT) cluster calculations at the B3LYP/6-31+G** level. The formate ion is thought to
account for interstellar infrared features at 1381 and 1349 cm−1 (Schutte et al. 1999). Both are
broad features, indicating that they most likely arise from a species embedded in a condensed
phase medium. We performed cluster calculations where up to 15 explicit water molecules were
included. As in OCN−, we considered both ammonia and water as potential proton acceptors
for charge transfer. The vibrational mode coupling is very different in HCOOH, where there is
a single CO carbonyl stretch, and HCOO−, where there are two CO stretches that can couple
symmetrically and asymmetrically. Our DFT calculations for this band are 1338 and 1343 cm−1,
respectively, for the cases where NH+4 and H3O

+ are the counterion. The latter is quite close to
the band at 1349 cm−1 that is observed both in the protostellar W33 source and in experiments.
Other formate ion features and the bands of NH+4 will also be described.
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