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The Pauling relation of bond order and bond length together with the BEBO postulate are utilized to generation reac- 
tion coordinates on potential energy surfaces of simple exchange reactions. A generalization of the Pauling relation where 
the constant is dependent on the equilibrium separation is proposed. 

1. Introduction 

In 1947 Pauling [l] has proposed the following 
correlation of bond length (BL) R with the bond or- 
der (BO) p, namely 

R -Rs =--alnp, pE [OJ] , (1) 

where RS is the length of a “standard” bond with BO 
l,and 

a=0.26a=0.49&. (2) 

(See also p_ 8 1 of ref. 123 _) 
Considering a simple exchange reaction of the type 

A+BC==AB+C (3) 

one can write (1) for each of the bonds A-B and B-C, 
taking as RS the appropriate equilibrium separation 
R,. If one also utilizes the BEBO [2] postulate that 
along the reaction coordinate (RC) the total BO is 
unity, i.e. 

PA-B+PB_c=~, , 

one has the set of equations 

(4) 

RA-, =RA-&), R,-c = RB__c@) - (5) 

These two parametric equations uniquely determine 
a trajectory which we shall call the BEBO RC. This we 
compare to the minimum energy path on the appro- 
priate potential energy surface (PES). A good agree- 
ment is known to exist for H2 + H PES (see fig. 1 of 

ref. [3] and ref. [4]) and for H2 + F [4] where the 
PES of Bender et al. [5] has been used. The aim of 
this letter is to check a dozen more examples and also 
to propose a possible generaIization of eq. (1). 

2. Results and conclusions 

When dealing with PES’s for atoms larger than hy- 
drogen one may assume that the parameter a of eq. 

(1) ceases to be constant as in (2), but rather shows 
some dependence on R,. Linear dependence of a on 
R, did not yield good results but the following equa- 
tion did: 

a=b,R,-b,Rz, (6) 

withb, = 0.42, b2 = 0.057 au-l_. 
These values are empirical and yield, on the aver- 

Fig. 1. a versus Re from eq. (6) in au. 
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Fig. 2. Five PES’s for reactions of type (3) in a linear confiiratiou (a) F f Hz, ref- [6] Muckerman 5 semi-empirical LEPS. (b) 
Cl + Ha, ref. [7] LEPS. Cc) Br + Hz. ref. IS] EEPS. (d) Br + H 2, ref. [9] LEPS. (e) I + Hz. ref. [9] LEPS. (f) I + Hz, ref. [lo] 
LEPS. (g) H f IH, ref. [ 11 J LEPS. 01) Cl + HI, ref. [ 121 LEPS. <i) K f- CH31, ref. 1131 ab initio. (j) H + Lit?, ref. [ 141 orthogonal- 
ized Mofftt. (k) Li + Ez, ref. [ 151 ab initio. (Q H f Br2, surface no. f 3 in ref. [16] LEPS. On these PES’s two types of RC’s ap- 
pear: (1) Computed with the constant from eq. (6) - denoted by full lines. (2) Computed with Q from eq. (2) - broken lines. The 
two orthogonal straight lines on each PES are the asymptotesR =R, to which the RC tends in the limit where only reactants or 
only products exist. The Re value is then denoted on the appropriate axis. Taking the lower right valley as the reactant’s valley, 
ihe numbers inside the panels are reactants* BO’s at points indicated by arrows. These points are of three types: (a) The TS ifmarked 
on the original PES - denoted by X. (b) Points in the vicinity of the TS on an KC of type I - denoted by dashes. (c) The same 
only for the RC of type 2 - full circles. 
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Table 1 
Values of the parameter P (ii au) from eq. (6) for some bonds 
appearing in fig. 2 

Bond Re a No. of panel 
in fig. 2 

H-H 1.4 0.48 

H-F 1.76 0.57 
H-Cl 2.4 0.68 
H-Br 2.6 0.71 
H-Br 2.7 0.72 
Li-F 2.9 0.74 
H-l 3.06 0.75 
Li-F 3.2 0.77 
F-F 3.35 0.77 
CHs-I 4.03 0.76 
Br-Br 4.35 0.75 
K-I 5.76 0.50 

a, b, c, d, e, f 

:‘h 
c, d 
Q 

k 
e, f, g, h 
j 
k 
i 
Q 

i 

age good RC’s to a large number of PES’s (in view of 
the fact that PES’s for atoms heavier than H are only 
approximately -known, this seems to be a better crite- 
rion than an excellent fit to one single PES). These 
values are also stable, by which it is meant that the 
exact shape of an RC is insensitive to simultaneous 
variations of b, and b2. 

Fig. 1 shows the dependence of Lz on R, from eq. 
(6) It is a symmetric curve possessing a maxima a = 
0.77 au at R, = 3.7 au. The range of R,‘s we use is 
only l-4-5.76 au so that for higher Re’s it may be 

necessary to add a third term to eq. (6) 
Table 1 gives the a values from eq. (6) for some 

bonds appearing in the reactions of fig. 2. In fig. 2, the 
broken lines are RC’s with a from (2), the full lines 
are RC’s with a from (6) In fig. 2a both RC’s overlap 
(the BL of H-F is not much larger than the BL of 
H-H). In figs. 2b-2f and 2i the difference is small, 
so usually only the second RC is given (full lines). In 
the other cases there is a difference between the two 
RC’s: The first RC always passes nearer to the origin 

(because it uses smaher a values). In figs. 2g, 2j, 2k the 
first RC is better, though in figs. 2g and 2k both fail 
to pass through the potential energy minimum, and 
in fig. 2j R, for Li-F is 0.2 au too large (a correction 
of this PES may change the above conclusion). In figs. 
2h and 2P the second RC is better (the broken lines 
reach the asymptotes R = R, too early; even before 
passing over the potential barrier). In conclusion, it 

seems that physically reasonable PES functions should 
have a minimum energy path that resembles the BEBO 
RC. However, presently available data is not sufficient- 
ly accurate to determine whether the specific form (2) 
or form (6) is preferable. 

In addition, given in fig. 2 are some BO values for 
the potential energy barrier (denoted by a cross) - if 
the barrier location is marked on the original PES, or 
for points (denoted by lines and circles) in its vicinity. 
We hope to utilize this data in a subsequent paper 
where we shall propose a (semi-quantitative) evalua- 
tion of the transition state BO.. 

Acknowledgement 

I am grateful to Professors R.B. Gerber and R.D. 
Levine and to Dr. G.G. Bahnt-Kurti for fruitful dis- 
cussions 

References 

[ 3 ] 0. Kafri and M.J. Berry, Faraday Discussions Chem. 
Sot. 62 (1976), to be pubhshed. 

[4] D-G. Truhlar, J. Am. Chem. Sot. 94 (1972) 7584. 
[S] CF. Bender, P-K. Pearson, S.V. O’Neil and H-F. Schaefer, 

J. Chem. Phys. 56 (1972) 4626. 
[6] I-T. Muckerman, private communication (1976). 
[7] D-L. Thompson, H.H. Suzukawa Jr. and L.M. Raff, 1. 

Chem. Phys. 62 (1975) 4727. 

181 

191 

[lOI 

[I11 

1121 

1131 

1141 

[I51 

1161 

R.B. Timmons and R.E. Weston Jr., J. Chem. Phys. 41 
(1964) 1654. 
R.N. Porter, L.B. Suns, D.L. Thompson and L.M. Raff, 
J. Chem. Phys. 58 (1973) 2855. 
D.S. Perry, J.C. Polanyi and C.W. Wilson Jr., Chem. Phys. 
3 (1974) 317. 
L.M. Raff, H.H. Suzukawa Jr. and D.L. Thompson, J. 
Chem. Phys. 62 (1975) 3743. 
C.A. Parr, J.C. Polanyi and W.H. Wang, 3. Chem. Phys. 
58 (1973) 5. 
R-A. LaBudde, P.J. Kuntz, R.B. Bernstein and R-D. 
Levine, J. Chem. Phys. 59 (1973) 6286. 
G-G. Bahnt-Kurti and R.N. Yardley, Faraday Discussions 
Chem. Sot. 62 (1976), to be published. 
G.G. Balint-Kurti and MI. Karplus, Cbem. Phys. Letters 
ll(l971) 203. 
NC. Blah and D.G. Truhlar; J. Chem. Phys. 61(1974) 
4186. 

[l] L. Pauhng. J. Am. Chem. Sot. 69 (1947) 542. 
[2] H.S. Johnston, Gas phase reaction rate theory (Ronald 

Press, New York, 1966). 

345 


