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The Barrier to Pro ton Transf er in the Dimer of Formi e Acid: A Pure 
Rotational Study 

Weixing Li, Luca E angeli ti, Qian Gou Walther aminati, * and Rolf Me er 

b traci: The rotational sp tra of three C-dellterated 1.vo
topo/o LI of the dimer of formic a id have b e11 111 a 11red, 

tha11k to the mail dtpole momem induced by a ymmetri H 

D 11b. tit111io11(. ). For the D OOH H OOH . pe ie., the 

con ened double proton tramf, r of the ti. o I, drox hydro e11 

atom. take pia e be111 1ee11 111 10 eq11nale111 minima a11d 

ge11erate a t111melì11g plittil1g of 331.2(6) MH-. Thi · plitti11g 

ca,r be reprod11ced b a 3D model with a barrier of 255 cm 1

(30.6 kJ mo/ 1) a obtai11ed [rom theoreti al calc11latìo11 ·

Car o lic acili fonn con ·idcrnbl ·tablc dimcr · lhat ar • 
·ufficicntJy abundant at cxp ·rim ·ntaJ condition · in a upcr
·onic · ·t cxpan ·i n. A numb ·r of mol ·cular complcxc ·
in voi ing carboxylic acili .11-1 I have be ·n inve ·tigatcd by 
rotationaJ p ·ctro ·copy. lo understand th · nature f their
n n- o alenl intera ti n and I ha e ini nnati n n their

n their 
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model calculations with barri r at or clo e to valu s obtain d 
ab initio. 

In 1gure 1 we h w tbe pr t n Iran f r moti n in lh 
f rmic acid dim r along a ymm tric doubl m1111mum 
pot ntial en rgy pr fil . 

Figure 1. Proton lransfer between equ,valent forms of the form1c ac,d 
dimer g1ves rise to a tunneling doublet for the vibrat1onal ground 
st te The splitting me sured by microwave experiments for the 
species DCOOH-HCOOH is given. lt is related to the barrier height 
and to he interaction with non-reactive vibrational modes. C gray, 
O red, H white, D blue. 

or F 1, . plittmg:_ are 1101 availahl from M\ . pectm -
copy due to the lack of a permanent electric dip le mom 111. 

e re. ult1 ohtain d from other exp rim nt. I technique. and 
from th or tic, I calculation have he 11 . ummanz d . me 
y ars ago 111 a revie, hy Birer and H, v nitb,1111 where the 
reported tunn 1mg . plitting. range, rnther di. appoinlingl , 
from 0.01. to 111 m 1• rtlieh and Havenithl' I htain d the 
value E01 =1lO1.8(4)cm 1, f r th ground .t,te, from the 
vibraù n-r tali n-tunn ling sp ctrum of (F 1 in the -O 
tretcb regi n at 1221. 122 .7cm 1.

tore recenti . Duan and bis group m asured th ibra-
tion-rotation-tunn ling ab rption sp etra of F )2 in lh 
O tretch r gion at 121 124 cm I using a rapid- can tunabl 
di de la r p ctrom ter in e njunction with a lit upersonic 
e pan ·ion. and rcportcd E111 = O.O 1649( I 5) cm 1 _ll4I La ·1 
ycar. tbc ·amc group mca ·urcd the rotationall re ·olvcd 
infrarcd ·pcctra of different vibronic band and ·upplicd thc 
vaJu · E01 =O.O11367(92) cm 1•11�1 Tbc di ·crepane with tbc 
previou · valuc ccm · to b · allributablc to ·trong I cal 
pcrturbation · cau · ·d b th · rotation-tunn ·ling coupling 
bctwccn two n arb vibrational ·tate·. 

ltbough lh · · valuc · are quitc preci ·c. they do noi bave 
th · accuracy, bicb is gcnerally pro idcd by 1W ·pcclro co
p . I il thcn po· ·iblc lo appl MW lo (F ). ? Probabl yc . 
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