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The two classic systems for the study of reacti#e quantum mechanical

" tunneling arel ™3
—> +
H + H2 ; H2 H
and
H + CHM : ,> H2 + CH3

The merits of these two systems with respect to tunneling are at least three:
' a) both are relatively simple reactions, b) both have relatively high barrier
heights (v 10 kcal), and c¢) both involve the transfer of the lightest atom,

hydrogen. Thus H + H,_ and H + CH) are amenable to detailed calculation, and

2

at thermal energies tunneling shoﬁld contribute a significant fraction of the

‘reactive cross sections.
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A relaﬁed system which might be considered a candidate for réactive
tunneling is the

>'FHZ+ F reaction.’

F + HF
. Although the éxpérimental éctivation enéréy is_not known:fér the abé&e.reaétiOn,
- in recent years it has beén"asvsumedl to be low, no mofe fhan 6 kcal. There are
two reasons for‘thié assumption. The first is Johnstonf$ bond energy bond
order (BEBO) method, which prediét§ the 6 kcal'barriér. »As &b initio theoristé,
we tend to be‘skeptical'of‘empiriéal écheﬁes éuch #s BEEO;. However, Truhlar
has recently shown tha£ BEBO is remarkebly accurate fo% ﬁhe'H +'H2 and F + 32
reactions. Not bnly doeszEBO accurately rep;dducé the,activation_energieé,
but itbﬁlso predictsAminimum energy paths within 0.03A.of those obtained from
the most elaboréfe‘available_gg initio calculations.5’6 ‘Thus the BEBO method
for these two systems is far more accurate than couldvhéve been anticipated,
and’éne should consider sefiously the 6‘kcal prediction‘fér'F + HF.
The secohd indirect piece of evidence’agéinst thé:existence of a
. _ .

substantial barrier for F + HF is the report by'Pimentel and coworkers of the

observation of the linear molecules C1HC1, BrHBr, and IHI in noble gas matrices.

3%

view of potential surfaces, the saddle point for the X + HX exchange reactions

By analogy with'H FH,, and the generalvLondon—EyrithPdlanyi-Sato8 (LEPS)
should also occur for the linear‘symmetric’ (Dmh) XHX'configuraﬁion. Thus
the work of Pimentel suggests that for Cl + HCl, Br + HBr, and I + HI, there
should be no barrier at all. This prediction is in turn not consistent with
‘the kinetic studies of Klein, Persky, and Weston,9 who found (by somewhat

unconventional means) the barrier for Cl + HCl éxchange to be V10 kcal. In
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addition, Milligan and Jacoxlo'have challenged the.c0nc1usions'of Pimentel,
voicing their opihion.that the matrix isolated species are in réality ClHC1 ,
BrHBr—, and IHI .  Very réceﬁtly howgfer, Pimentel's éonclﬁSions havé been
supported'by'thé BEBO'caiculations of Truhlar, Olson, éﬁd Parr.ll " In addition
to predicting ClHCl, BrHBr and IHI to be bound by 1.56,_3.02, and 6.}7 keal,
Truhlar et al. find vibrational frequencies invréasdnable agreement with
Pimehtél's experimental valﬁes.

In the present communication we report sb initié'calculations on linear
symﬁetrié'FHF;' Since the minimum energy path must pass through at least one
geometr& at which the two HF bond distances are equal, the lowest energy of
syﬁﬁétrié~FHF provides a ldwerblimit to the barrier ﬁeight for F + HF —> FH + F.

Two basis éets of cbntraéted gaﬁésian functions12 have been used in
the present work. The first, avdouble zeté‘(DZ) set, is designated F(9s5p/4s2p),

13,1k

H(4s/2s). This is the same basis used in our previous calculations of the

F+ H2 and H + F2 surfaces. The second basis, tenﬁed double zeta plus polari-

zation (DZ + P), is described byrfhe'notation F(9s5p1d/hsgp1d); H(4s1lp/2slp).
This second basis set yielded avsurface6 approaéhing'quéntitatiVe accuracy for
F f H2. | | |
Electron -correlation was explicitlyvtaken into account using multi-
configuration first'order'wave functions.15 The form of this type of wave
function is determined by ‘symmetry cohsidérations{ Sinée F + HF referé tqﬂthé

same molecule as H + F2,-thé reader is referred to our worklh on H + F2 for

the 1list of configurations actually included. For linear FHF the first-order

wave function constructed from the DZ + P basis includes 670 configurations.

The orbitals of the multiconfiguration wsve functions were'optimized by the
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iterative natural orbital method.
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Ih‘diSCUSSing our result with colleagues, the oniy indirect support we
have been able to locate comes from the.seﬁi;émpiricgl'LEPS potential:
surface used by N. Blais for his classical trajectdr& study of the H + F2
reaction (Los Alamos Scientific Laboratories Reporf_LA—h687). Blais
found good agreement with experiment for the distribution of'product
vibrational energy. After concluding our study, we asked

Dr. Donald L. Thbmpson of Los Alamos to obtain'the F+H —> FH + F

barrier from Blais's surface. The barrier height found was "™ 25 kcal,

'in good agreement with the values réported here..
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Table. Predicted barrier heights for F + HF —> FH + F. See text
for a brief description of the different wave functions.

Property
Wave Functio r(H-F), A Barrier, kcal  Total energy, hartrees
DZ SCF 1.087 "~ 53.8 -199. 3307
DZ CI 1.126 21.8 -199.4327
DZ+P SCF 1.083 53.7 —199.3578
DZ+p CI 1.099 23.9 -199.4676
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