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ABSTRACT 

An ab initio calculation of the .Ne-H-H potential energy 

hypersurface for a wide range of H2 internuclear separation 

(0.8 ~ R ~ 5.0 Bohr) and Ne-H2 separation (2.5 ~ X ~ 6.0 Bohr) 

is reported. Calculations ~ere carried out for both the collinear 

and perpendicular bisector geometries. 

For the perpendicular bisector geometry, the potential 

surface has the property previously found for He-H2 of exerting 

a contractive force on the H2 molecule as the noble gas atom 

approaches. The surface d.emonstrates a cross-over point near 

3.0 Bohr where the contractive force changes to a stretchj_ng forr.P, 

Analytic fits to the potential energy surface are presented and 

discussed in detail. In particular, the "dumbbell" model was not found to 

provide a good description of the potential surface. Because of the wide 

range in values of X and R for which points were calculated, the surface 

reported here should be useful for trajectory st.udies of diatomic 

dissociation and atom recomblnation. 
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I. Introduction 

The present paper represents one step in a theoretical study of the 

bimolecular dissociation of diatomic molecules. ,Accordingly we have carried out 

an ab initio calculation of the Ne-H-H potential energy surface. Previous studies 

by other investigators of the He-H2 interaction potential have been reported 

for relatively large separations between the He atom and H2 

molecule and for small changes in the H2 internuclear distance. 1- 4 

Thus, the He-H 2 surface has not been defined in the region where 

bimolecular dissociation and three body atom recombination occur. 

We have studied the Ne-H-H surface over a large range of atom

molecule separations (2.5 ~ X ~ 6.0 Bohr) and internuclear 

distances (0.8 ~ R ~ 5.0 Bohr). Figure 1 is the coordinate 

system for representing the potential energy surface. Calculations 

were made for the two symmetrical arrangements of atoms, e = 0° and 

90°. We present analytic fits to the Ne-H-H collinear surface 

and to the entire Ne-H-H hypersurface assuming an angular form 

similar to that found for He-H2. 

II. Theoretical Approach 

For neon the (9s5p) Gaussian basis of Van Duijneveldt 5 

contracted to (5s3p) was used. The exponents and contraction 

coefficients·for this (9s5p/5s3p) basis set are provided in 

Table I. 
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TABLE I. NF.ON (9sS_p/5s3p) TIASIS SE:r 

Gaussian Contraction 
Basis Function Exponent Coefficient Symmetry 

1 16501.214801 .000815 1s 

1 2477.76179 ~006260 ls 

1 566.109589 .031596 1s 

1 161.628536 .116378 1s 

1 53.29324 .301929 1s 

2 19.488234 1s 

3 7.60176 1s 

4 1.632772 1s 

5 .481315 1s 

6 55.030482 .016995 2p 
X 

.6 12.501192 .106925 2p 
X 

6 3.69786 .320808 2p 
X 

7 1.147741 2p 
X 

8 .331057 2p 
X 

9 55.030482 .016995 2p y 

9 12.501192 .106925 2p y 

9 3.69786 .320808 2p 
y 

10 1.147741 2p 
y 

11 .331057 2p 
y 

12 55.030482 .016995 2p 
X 
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TABLE I. (Continued) 

Gaussian Contraction 
Basis Function Exponent Coefficient Symmetry 

12 12.501192 .106925 2p 
z 

12 3.69786 .320808 2p z 

13 1.147741 2p 
z 

14 .331057 2p 
z 
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1be hydrogen basis set was determined by contracting the (5slp) basis 

6 set of Huzinaga to (3slp) followed by optimization of the s and p Gaussian 

exponent scale factors by finding the lowest full Cl energy for the H2 

molecule. For an s scale factor of 1.20 and p scale factor of 0.85 the 

dissociation energy was found to be 0.168399 Hartree or 105.7 kcal/mole. 

The resulting hydrogen basis set is given in Table II. A total of 26 basis 

functions were used; 14 functions centered on neon, and 6 functions centered 

on each of the hydrogen atoms. 

Calculations were made for the collinear (C
00

V symmetry) and perpendicular 

bisector (C2v symmetry) geometries. In the c2v case 13 orbitals transform 

as a1 symmetry, 1 as a2 symmetry, 4 as b1 symmetry, 8 as b2 symmetry; and the 

2 2 2 2 2 core may be written la1 2a1 3a1 lb1 lb2 • For the 2-configuration 

2 MCSCF calculation the two configurations that were considered are core-4a1 
2 

and core-2b2 •. 

In the collinear case there are 16 orbitals of o symmetry, 5 orbitals 

of 1T symmetry, 5 orbitals of 1T symmetry, and the core is 
X y 

102 2cr2 3o2 l1T 2 lTI 2 •· The fi i d i h C F 1 1 . two con gurat ons use n t e M SC ca cu at1ons 
X y 

·2 2 are core-4o and core-5o • In addition to the MCSCF calculation, a full 

2-electron CI calculation (for a total of 111 configurations) was carried 

out using the orbitals from the collinear MCSCF wave functions. This type 

of CI provides a nearly quantitive picture of the dissociation of H
2 

in the 

presence of a Ne atom described at the Hartree-Foch level. 

III. Results 

The results of the Ne-H-H potential energy surface calculations are 

sunu;narized in Table III. The coordinate system for representing 
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TABLE II. HYDROGEN BASIS.SET 

Gaussian Contraction 
Basis Function Exponent Coefficient Synunetry 

1 48.44160 .025374 ls 

1 7.28352 .189684 1s 

1 1.65168 .852933 ls 

2 .46238 ls 

3 .14587 ls 

4 .7225 
2p 

X 

5 .7225 
2p 

y 

6 .7225 
2p z 



TABLE III. RESULTS OF POTENTIAL ENElGY SURFACE CALCULATIONS, ATmnc UNITS 
~ 

' ' ' ' e R X VMCSCF · V}1CSCF VCI VCI VCI-VMCSCF % 
-·- - --.:.-·-... .. _ .. , ........ - .. · ...... -

0 0.8 2.5 -129.36975 .14734 -129.39333 .14592 -.00142 0.97 

0 0.8 3.0 -129.46265 .05586 -129.48623 .05302 -.00284 5.36 

0 0.8 3.5 -129.49721 .01988 -129.52072 .01853 -.00135 7.29 

0 0.8 4.0 -129.50971 .00738 -129.53313 .00612 -.00126 20.58 

0 0.8 6.0 -129.51722 -. 00013 -129.53938 -.00013 .00000 0.00 
co -

0 1.1 2.5 -129.47985 .17074 -129.50334 .16713 -.00361 2.16 
·~t 

ro 0 1.1 3.0 -129.58100 .06959 -129.60610 .06437 -.00522 8.11 

.... J I 0 1.1 3,5 -129.62684 .02375 -129.64672 .02375 .ooooo. 0.00 .,.."lu. r-
I 

0 0 1.1 4.0 -129.642-28 .00831 -129.66212 .00835 .00004 0.48 

M 0 1.1 6.0 -129.65068 -.00009 -129.67056 -.00009 .00000 0.00 -·~? 

"' 0 1.4 2.5 -129.48243 .19580 -129.50552 .19015 -.00585 3.08 
~::..1-

0 1.4 3.0 -129.59194 .08629 -129.61831 .07736 -.00893 11.54 

0 0 1.4 3.5 -129.64782 .03039 -129.66544 .03021 -.00018 0.60 

0 0 1.4 4.0 -129.66695 .01126 -129.68441 .01124 -.OC002 0.18 

0 1.4 6.0 -129.67825 -.00004 -129.69569 -.00004 .00000 0.00 
--· ·---··-·---··--... --._ ... 



TABLE III. (Continued) 

I I I I 

8 R X V~tGS.C.F v}1G.~~-F _____ ~C.l ...... ··-··----~~_!_ v -v 
CI M.G.~,(;t __ % 

0 1.7 2.5 -129.44416 .22483 -129.46612 . 21773 -.00710 3.26 

0 1.7 3.0 -129.56456 .10443 -129.59164 .09221 -.01222 13.25 

0 1.7 3.5 -129.61558 .05341 -129.64554 .03831 -.01510 39.41 

0 1.7 4.0 -129.63765 .03134 -129.66876 .01509 -.01625 107.69 

0 1.7 6.0 -129.66893 .00006 -129.68379 .00006 .00000 o.oo -- -----~ ...... ~ . _ _...,.._~ ........... 

0 2.0 2.5 -129.38223 .26492 -129.40305 .25629 -.00863 3.36 
' 

0 2.0 3.0 -129.52276 .12439 -129.54993 .10941 -.01498 13.69 

0 2.0 3.5 -129.57907 .06808 -129.61132 .04802 -.02006 41.77 
I 

co 
I 0 2.0 4.0 -129.60482 .04233 -129.63940 .01994 -.02239 112.28 

0 2.0 6.0 -129.64696 .00019 -129.65915 .00019 .00000 0.00 
- - ----------- ---· ----···· -· ·----· 

0 3.0 3.0 -129.34044 .23346 -129.36475 .21363 -.01983 9.28 

0 3.0 3.5 -129.44020 .13370 -129.47745 .10093 -.03277 32.46 

0 3.0 4.0 -129.47829 .09561 -129.52918 .04920 -.04641 94.32 

0 3.0 4.5 -129.55172 .02218 -129.55648 .02190 -.00028 1.27 

0 3.0 5.0 -129.56471 .00919 -129.56928 .00910 -.00009 0.98 

0 3.0 6.0 -129.57262 .00128 -129.57711 .00127 -.00001 0.78 
---
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R X vt1~S.9Y 
4.0 3.5 -129.28293 

4.0 4.0 -129.36637 

4.0 4.5 -129.48125 

4.0 5.0 -129.51286 

4.0 5.5 -129.52775 

4.0 6.0 -129.53429 

5.0 4.0 -129.23230 

5.0 4.5 -129.39726 

5.0 5.0 -129.46602 

5.0 5.5 -129.50067 

5.0 6.0 -129.51671 

TABLE III. (Continued) 

I I I I 

VMC$~F VCI v VCI-V MCSCF % 
CI - ---·· 

.25573 -129.31402 .22553 -.03020 13.39 

.17229 ...,;129.42273 .11682 -.05547 47.48 

.05741 -129.48258 .05697 -.00044 0.77 

.02580 -129.51388 .02567 -.00013 0.50 

.01091 -129.52868 .01087 -.00004 0.36 

.00437 -129.53520 .00435 -.00002 0.45 --- - -··~-- ....... ____ ......._ ______ 

.29621 -129.27227 .25638 -.03983 15.53 

.13125 -129.39797 .13068 -.00057 0.43 

.06249 -129.46626 .06239 -.00010 0.16 

.02784 -129.50084 .02781 -.00003 0.10 

.01180 -129.51686 .01179 -.00001 0.08 
---



TABLE III. . (Conttnued) 

' 
0 R X VMC.SCE ___ VM.C.S..C.f 

90 0.8 3.0 -129.47120 .04589 

90 0.8 3.5 -129.50606- .01103 

90 0.8 4.0 -129.51363 .00346 ---
90 1.1 3.0 -129.60615 .04444 

90 1.1 3.5 -129.63863 .01196 

90 1.1 4.0 -129.64660 .00399 -· _, __ .,__, ___ ... ....-., .. ._ ... ". 
..... ~-- --... 

90 1.4 2.5 -129.37819 .30001 

I 90 1.4 3.0 . -129.64076 .03744 
0 
r-1 

I 90 1.4 3.5 -129.66570 .01250 

90 1.4 4.0 -129.67366 .00454 _ ... --...-~_..., ___ 
90 1.7 2.5 -129.52825 .14074 

90 1.7 3.0 -129.63324 .03575 

90 1.7 3.5 -129.65558 .01341 

90 1.7 4.0 -129.66377 .00522 



TABLE III. (Continued) 

' 8 R X VMCSCF v MCSCF 

90 2.0 2.5 -129.53945 .10770 

90 2.0 3.0 -129.61177 .03538 

90 2.0 3.5 -129.63276 .01439 

. 90 2.0 4.0 -129.64127 .00588 

0 90 3.0 2.5 -129.50580 .06810 

}ft 
·lM';fl 90 3.0 3.5 -129.55928 .01462 

m 90 3.0 ' 4.0 -129.56744 .00646 
~:~ 

I 

0 
r-i 
r-i 

I 

1"") 

-~·~~ 

:-:':) 

"'"'·"' ..... ~-

0 

0 
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points on the surface was previously.presented as Figure 2. The 

two values of 9 for which points were calculated are 0° and 90° 

for the collinear and perpendicular bisector geometries respectively. 

For each value of the hydrogen internuclear separation R, 

a calculation was made with the Ne atom held at an essentially 

infinite distance, X = 100 Bohr. This facilitated the separation 

of the Ne-H-H potential energy into two parts, the H2 potential 

energy and the Ne-H2 potential energy of interaction. The H2 

potential energy is well known, both from theoretical calculations 

and spectroscopic studies. Of interest here is the Ne-H2 inter

action energy V1 , defined by 

V1 (X,R,9) = V(X,R,9)- V(m,R,9) (1) 

The values of VMCSCF and VCI are provided in Table III. Also 

provided are the differences, VCI - VMCSCF' and percent differences. 

IV. Fit of the Ne-H2 Potential Energy of Interaction to an 

Analytic Form 

Figure 2 presents plots of .tnVC1 (X,R,0°) against R for the 

various values of X. The linearity in these plots indicates that 

for the collinear geometry the potential energy of interaction 

V1 (X,R,0°) may be represented by a function of the form 

V 1 (X, R, 0° ) = A 1 (X) exp [a.( X) R] ( 2) 
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where a(X) is the slope of the line and A'(X} is the intercept. 

The slopes and intercepts were determined from least squares fits 

to the calculated points for X= 2,5, 3.0, 3.5 and 4.0. A fit of 

a(X) to a second order polynomial in X of the form 

a(X) = a + bX + cX2 (3) 
\ 

yielded the results a= -0.74079, b = 0.60491 and c = -0.04930. 

The fit of this function to the four values of n(X) is shown in 

Fig. 3. For the intercepts, a plot of £.nA(X) against X (Fig. 4) 

gave a linear plot with slope -2.2909 and intercept 3.4267. The 

linearity of this plot is to be expected since in the limit as 

R goes to zero the H2 molecule becomes a He atom, and the inter-

action between the He and Ne atoms would be expected to be purely 

repulsive, varying as Combining these results, we have 

for the Ne-H2 potential energy of interaction for the collinear 

geometry 

where 

V'(X,R,0°) - exp[A + BX + CR + DXR + EX 2R] 

A= 3.4267, B = -2.2909, C = -0.74079, D = 

0.60491, E = -0.04930 

(4) 

( 5) 

The variance of the fit can be lowered somewhat by considering the 

simultaneous variation of all five parameters. A general least 

squares fitting program was used to find a new set of parameters, 
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resulting in a reduction of the variance by about a factor of 

three. The "initial guess" for this calculation was the set 

of parameters (5). The new parameters thus obtained are 

A = 3.0450, B = -2.1583, C = -0.46568, D = 

0.47356, E = -0.03633 
(6) 

The possibility of obtaining an even better fit by including 

the term FXR2 inside the exponential function of (4) was also 

investigated. The parameters obtained for this six parameter 

fit are given by (7). 

A= 3.4424, B = -2.3223, C = -0.73964, D = 

0.62100, E = -0.04568, F = -0.005782 
(7) 

This resulted in the best fit to the calculat~d points on the 

collinear potential energy surface. 

An optimized set of parameters was also obtained for the 

so-called "dumbbell.potential". This is the empirical form that 
. 7 

has often been used in vibrational energy transfer theory, and 

has been used in Keck's phase space theory of dissociation and 

atom recombination. 8 For this model of the interaction potential 

one assumes that there is a repulsive term of the form Ae~f3r 

between the inert gas atom and each of the two atoms of the diatomic 

molecule. Here r is simply the distance between the inert gas 

atom Ne and the atom of interest. For a homonuclear diatomic 

mo.lecule, •f3 is the same for each atom so that the total inter

action potential may be written 
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( 8) 

where the A and B subscripts on r refer to the two different 

hydrogen atoms. For the collinear case we may replace rA and 

rB by X- ~ R and X + ~ R, respectively. We then have for the 

interaction potential the expression 

(9) 

The least squares parameters obtained for a fit to this form of 

the interaction potential are 

A = 2.2828, ~ = 1.500 (10) 

This form of the interaction potential is desirable since only two 
.. 

fitting parameters are required, and because Equation (8) applies 

to all possible arrangements of the atoms rather than only the 

collinear arrangement. The variance for the fit was about an 
. I· 

order of magnitude larger than that of those fits previously 

described, however. 

The dumbbell potential was also found to be inadequate for the 

He-H 2 interaction potential by Gordon and Secrest. 3 ·Dimpfl9 has 

suggested that this form for the interaction potential might be 

improved upon by including an attractive term centered at the 

diatomic molecule center of mass. For the collinear case the 

improved dumbbell interaction potential suggested by Dimpfl has 
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the form 

(11) 

The least squares parameters obtained for this four parameter 

fit are 

A = 1.5972, ~ = 1.183, B = -0.11137, y = 0.3235 (12) 

Increasing the number of parameters from two to four did not 

substantially improve the dumbbell form of the interaction 

potential, however. In Table IV a comparison is made between the 

actual points on the collinear surface and those calculated from 

each of the analytic fits described. The variance for each fit 

is also given in Table IV. 

For three-dimensional trajectory calculations it is necessary 

to have an analytic form of the potential energy for all possible 

arrangements of the atoms. Thus in the present case it i~ 

necessary to be able to represent the potential energy for th~ 

collinear geometry, the perpendicular bisector geometry, and all 

angles in between. Since no calculations were made at angles 

other than 0° and 90° it was necessary to rely on the previous 

work of Roberts, 1 Krauss and Mies 2 and Gordon and Secrest3 for 

the He-H2 potential energy to arrive at a .reasonable way of 

representing the angular part of the potential energy surface. 

Accordingly, the interaction potential was assumed to be separable 

into two parts, 

(13) 

/ 
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Table IV. Analytic Fits to the Collinear Surface* 

r 

X R vcr Fi.t 44 Fit 45 Fit 46 Fit 49 Fit 51 

2.5 .0.8 145.92 145.17 141.85 142.17 127.35 135.19 

3.0 0.8 53.02 52.77 53.79 51.52 60.16 60.08 I 

' 

3.5 0.8 18.53 18.81 20'.10 18.33 28.42 20.71 

4.0 0.8 6.12 6.57 7.40 6.40 13.43 0.79 
.. 

2.5 1.1 167.13 166.82 164.37 165.17 146.11 152.64 

3.0 1.1 64.37 63.75 64.94 63.16 69.02 69.74 

3.5 1.1 27.75 23.71 25.15 23.55 32.61 26.05 

lr.O 1.1 8.35 8.58 9.55 8.57 15.40 3.75 

2.5 1.4 190.15 191.70 190.46 191.40 172.28 176.48 
I 

I 
3.0 1.4 77.36 77.02 78.40 77.20 81.39 82.93 

3.5 1.4 30.23 29.90 31.47 30.16 30.21 33.36 

; 4.0 1.4 11.24 11.21 12.31 11.41 18.16 7.79 

2.5 1.7 217.73 220,28 220.69 221.22 207.21 207.46 

I 
3!0 1.7 92,21 93.05 94.66 94.06 97.89 100.08 

I 3.5 1.7 38.31 37.69 39.37 38.47 46.25 42.85 
I 

4,0 1,7 15.09- 14,64 15.87 15.14 21.85 13.04 

2.5 2.0 256,29 253.14 255.73 255.01 252.68 246.56 

3.0 2.0 109.41 112.42 114.28 114.25 119.37 121.71 

3,5 2.0 48,02 47.52 49.25 48.90 56.39 54.82 

4.0 2.0 19.94 19.12 20.47 20.00 26.64 19.67 

3,0 3.0 213.63 211.13 214.14 213.55 243~36 236.35 

3.5 3.0 100.93 102.90 103.91 105.94 114.97 118.26 
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.Table IV. (cont'd.) 

X R I v• CI Fit 44 Fit 45 Fit 46 Fit 49 Fit 51 

4.0 3,0 49.20 46.57 47.75 49.07 54.31 54.78 

4.5 3.0 21.90 19.58 20.78 21.23 25.66 21.25 

5.0 3.0 9.10 7.64 8.56 8.57 12.12 4.04 

3.5 4.0 225.53 222.78 219.25 220.41 241.29 237.25 

4.0 4.0 116.82 1113.42 111.41 11S.u0 113.99 1.20. 64 

4.5 4.0 56.97 52.32 52.64 54.76 53.85 57.69 

5;.0 4.0 25.67 21.87 23.13 23.80 25.44 24.21 

5.5 4.0 10.87 8.28 9.45 9.44 12.02 6,83 

4.0 5.0 I 256.38 276.19 259.92 257.31 240.82 240~96 
I 
I 

4.5 s.o 130.68 139.81 I 133.35 134.12 113.77 ll4. 2~ I 

5.(\ 5.0 62.39 62.57 62.48 62.36 53.75 61.06 

5.5 5.0 27.81. 24.75 26.73 25.87 25.39 27.23 

6.0 5.0 11.79 8.66110~1 12.()0 9.48 

4 -3 -3 ~ -4 -4 
Variance ~.14xl0 l2.10x10 .51xl0 .08x10 r· 64x10 

*Energies are in millihartrees, distances in Bohr. 
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one part depending only on the variables X and R and one part 

depending only on the variables R and e. The latte.r part, 

V2 '(R~8), was represented by the following function. 

(14) 

Here, P2 is a Legendre polynomial so that 

( 15) 

The coefficients y and 5 were determined by considering the ratio 

of the potential energy of interaction for the perpendicular 

bisector geometry V'(X,R,90°) to that for the collinear geometry 

V'(X,R,0°), which is given by 

'l'he following values for y and o fit this ratio exactly for 

X = 4.0 and the two extreme values of R = 0.8 and R = 3.0. 

y = 0.05623 and o.= 0.4399 

(16) 

(17) 

It was necessary, unfortunately, to use the MCSCF results for, 

V' (X,R, 90°). In the limit of no "correlation energy of interactiorl' 

(X large; R small for 8 = 0°, R large for 8 = 90°) the MCSCF 

and ·CI results for the interaction energy must be identical. 

It can be seen in Table III that this is certainly the case for 

the collinear geometry; the values of VCI and VMCSCF being nearly 

the same except when the Ne atom is very near one of the hydrogen 
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atoms (X small, R large). For this reason the coefficients y 

and o were determined at the largest value of X for which there. 

was still a sufficient interaction, so that V61 (X,R,0°) and 

VMCSCF(X,R,90°) contained a minimum amount of correlation 

energy. The ratill of interaction energies, Equation (16), does 

not vary with changes in X. Table V compares all such ratios with 

those calculated from this equation. The ratios listed in Tab_le V 

are not all constant over changes in X. However, the variation 

that is present is consistent with the fact that VMCSCF does not 

include as much of the correlation energy at small values of X 

as does vcr· 
For the calculation of 3-D trajectories, to be described in 

a subsequent article, the form of the interaction potential used 

is 

V'(X,R,9) = 1 + YP2(cos8) + oP2(cos8) R 
1 + y + oR V' ( X,R, 0°) 

where V'(X,R,0°) is given by Equation (4). For the potential 

energy of the hydrogen molecule a Morse potential is used. The 

total potential energy hypersurface is then given by 

V{X,R, 9) = De[l - exp(-l.0274r) ] 2 + V' (X,H, 8) (19) 

where De is the dissociation energy, and 

r = R - R e (20) 

where Re is the equilibrium internuclear distance, 1.40 Bohr. 

(18) 

\ 
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Table V. V 1 f V1 (X,R,90°} a ues o 
V' (X,R,0°) 

~I 0.8 1.1 

' 3.0 I 0.866 0.690 

3.5 I 0.595 0.504 

4.0 I 0.565 0.478 

I 
Fit to 
Eq. 55 0.565 0.474 
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1.4 1.7 2.0 l 3.0 ! 
0.484 0.388 0.323 

0.414 0.350 0.300 0.145 

0.404 0.346 .. 0.295 0.131 

I 

I 
I 
I 

0.397 0.331 I 0.275 0.131 
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V. Discussion 

The interesting aspect of the Gordon-Secrest3 interaction 

potential for He-H2 is that as the He atom approaches the H2 

molecule for the perpend1cular bisector geometry, a contractive 

force is exerted on the H2 molecule. This is, of course, just 

the opposite effect from that predicted by the dumbbell potential, 

in which the force is always in the direction of stretching the 

H2 internuclear distance. This effect is also present in the 

Krauss-Mies2 He-H2 potential. Neither Krauss and Mies nor Gordon 

and Secrest calculated points at sufficiently small values of X 

(close-in) to show that this effect is actually reversed at small 
. 

values of X. Realizing that there must be some cross-over point, 

however, both groups of investigators required that the analytic 

fit be such that there is a cross-over point where the force exerted 

on the H2 bond is zero. For the.Gordon-Secrest fit this cross-over 

occurs at X = 2.01 Bohr, and for the Krauss-Mies fit the value is 

X = 1.85 Bohr. 

In a recent article, Alexander and Berard10 presented four new 

ways of fitting the Gorden-Secrest points on the He-H2 surface. 

They also calculated probabilities of He-H2 vibrational energy 

transfer for each of their four analytic fits and for the Gordon-

Secrest fit. They found that the matrix element for the 0 ~ 1 trans

ition goes to zero for the Gorden-Secrest fit near X = 2. Since 

none of the four fits of Alexander and Berard exhibited this 
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feature, the transition probability changing smoothly with X, 

they suggested that the Gorden-Secrest fit was anomalous. All 

four of the Alexander and Berard fits have the property that as 

the distance X increases the contractive force increases, with 

no cross-over point. This is unrealistic. As pointed out by 

Secrest, 11 one ·Would expect a. cross-over point where the 

probability of vibrational energy transfer is reduced to zero, 

since at this point no force is exerted along the H2 bond. 

That such a cross-over does exist is demonstrated by the data 

presented in Table III for the Ne-H2 interaction potential. 

Consider first the results for X = 4.0. In Table III it can be 

seen that 

V'(R= .8) <V'(R=l.l) <V'(R=l.7) <V'(R=2.0) 

< V'{R = 3.0) 

so that the force is in the direction of contracting the H2 

internuclear distance, R. For X = 3.5, Eq. (21) still applies. 

For X = 3. 0, ho'\'rever, l'le have 

V'{R = .8) > V'(R = 1.1) > V'(R = 1.7) > 

V' (R = 2.0) > V1 {R = 3.0) 
(22) 

and this is seen to be true for X = 2.5 as well. Thus, there is 

a cross-over point between X = 3.0 and X = 3.5. For X larger 

than the value of the crof.is-over point there is a contractive 

fo·rce, and for X smaller than the value of the cross-over point, 

there is a stretching force. 

(21) 
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For an analytic fit, the value of X at the cross-over point 

may be found by taking the derivative of the interaction potential 

with respect to R, .·setting the result equal to zero, and solving 

for X with R = 1.4. The cross-over occurs at slightly different 

positions for different values of R. The analytic fit (Equation 

18) suggested in the previous section has a cross-over at X = 2.9 

Bohr. In consideration of this type of behavior for the inter

action potential, it is not surprising that the dumbbell form for 

the potential results in a poor fit. 

Acknowledgments 

Assis~ance with the electronic structure calculations by Dean Liskow 

is gratefully ac1mowledged. A helpful discussion of this work 

with Don Secrest :is also appreciated. This work 1·ras carried cut 

under the auspices of the U.S. Energy Research and Development Administration. 

. -

I 
.! 



-25-

REFERENCES 

1. c. s. Roberts, Phys. Rev. 131, 203 (1963). 

2. M. Krauss and F. H. Mies, J. Chern. Phys. 42, 2703 ( 196,5). 

3. M. D. Gordon and D. Secrest, J. Chern. Phys. 52, 120 (1970). 

4. B. Tsapline and W. Kutzelnigg, Chern. Phys. Lett. 23, 173 
(1973). 

5. F. B. Van l~lijneveldt, RJ945, December 1971 (IBM Research 
Laboratory, San Jose, California 95193). 

6. s. Huzinaga, J. Chern. Phys. 42, 1293 (1965). 

7. J. D. Kelley. an~d M. vlolfsberg, J. Chern. Phys. 44, 324 ( 1966). 
D. Rapp a.nd T. Kassal, Chern. Rev. 69, 61 (1969}. 

8. J. c. Keck, Adv. Atom. Mol. Phys. 8, 39 (1972). 

9. W. L. Dimpfl, Ph.D. Thesis, University of California, 
Berkeley (August 1973). Available as report LBL-1873. 

10. M. H. Alexander and E. v. Bernard, J. Chern. Phys. 60, 3950 
(1974). .. 

11. D. ~ecrest, J. Chern. Phys. 61, 3867 (1974). 



-26-
TITLES TO FIGURES 

Figure 1 - Coordinate system for representing the Ne-H-H potential 

energy surface. 

Figure 2- Plots of V'(X,R) vs. R for fixed values of X and 8 = 0°. 

The linearity of these plots suggests one way of fitting 

the collinear surface. 

Figure 3 - Comparison of a(X) of equation 42 with the slopes of the 

Figure 4 -

lines of Fig. 3 for X = 2.5, 3.0, 3.5, and 4.0. 

Plot of the log of the intercept, A', of Fig. 3 versus X. 
e 
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