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ABSTRACT  

  
The Potential Energy Surface PES of (H2)2 dimer has been investigated, using five simple rigid rotor models. 
These models are called: head to head, symmetric side to side, L , steplike and T model. All calculations were 
done at two levels of ab initio  methods: MP2(Full) and QCISD (T,Full) using cc-pVTZ basis set at singlet state 
of spin multiplicity. The results of scanning PES were then fitted to Taylor series up to 15 terms to obtain the 
equilibrium distances and interaction energies between  pairs of H2 molecules.The standard deviation of the 
residuals in fitting procedure  is well  below 10-9 in all cases.L  model has been found to be the  most  stable  
one instead of previously reported T model and 7 times more stable than other models.The validity of  hard 
sphere approximation was also tested by solving simple mathematical equation and found to be no longer valid 
in these interactions. 
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INTRODUCTION 
The PES of  H2 dimers has been investigated  
with various abintio methods and basis stes[1-
5].This  PES  with 4 electrons and 4 nuclei , is 
not only suitable for doing High level  
compuations to test the simple approximations 
like rigid rotors  and hard spheres , in 
reasonable computation time but also the best  
one for examining the accuracy of theoretical 
methods in computing the weak interactions[6-
12].Refering to some recent results, Røeggen 
and Wind have done several calculataions 
based on geminal model  and  uncontracted 
gaussian type basis sets,they found that “T” 
structure is the global minimum of the 
potential among their rigid rotor models [13-
15].Diep and Johnson have done a series of 
calculations using CCSD(T) ab initio method 
with aug-cc-pVnZ(n=2,3,4) basis sets and 
using many configurations of (H2)2  dimer. 
They reported a well depth of less than –50K  
(158 µhartree) for “T” structure [16-18]. 
This PES has been revisited in this work with 
including new rigid rotor model , called , L 
model and increasing the points of calculations 
as well as the curve fitting precission.  

 
Computational Details 
Equilibrium bond length and  total energy of 
H2 have been calculated at MP2 (All electrons) 
and QCISD (T) (All electrons) using cc-pVTZ 
basis set. These values are gathered in Table1. 
Five rigid rotor models have been constructed 
based on H2 equilibrium bond length at each 
level , theses are depicted in Fig.1.  
The chosen scan interval values for R, were 
0.1 A0 to 4.1A0 (step size 0.02A0) in all 
models at each level , except symmetric side to 
side and step like , which the interval has been 
expanded to 6.0A0  to detect the potential 
energy well . For reducing the numerical 
errors in binding energy calculations,  the 
energies of scan points were used   with  at 
least 11 decimals .All points were corrected 
via BSSE computations for obtaining 
interaction energies , Eint(R).Ab initio 
Computations have been performed using 
Gaussin98(Rev A.6) [19] . Fit1D code has 
been used for fitting the PES to Taylor 
series[20 ]. 

RESULTS AND DISCUSSION 
The equilibrium value of R (Re) and its related 
binding energy (Eint(R) or U0) ,  have been 
determined   using Taylor series with 15 terms 
, corresponds to polynomial of degree14, Eq.1.  

 Eint(R) : 
14

0
( )

n

n e
n

u R R
=

=

−∑                          (Eq.1)  

Generally the lowest fitting error has been 
obtained using the points from 2.0 A0 . Re , Un 
and error values have been gathered in  Table 
2-3 for each method and each model. 
According to these tables both SSR and SDR 
are well below  10-9 , which 1000 times 
smaller than U0 , indicating the very accurate 
fitting. Both MP2 and QCISD(T) predicted the 
same order of  Re :  
Symmetric side to side > step like > head to 
head > L = T model 
The greatest difference between the Re values 
at MP2 and QCISD(T)  was found in head to 
head model ( 0.14 A0) and the least for L 
model (0.04 A0) which can be attributed to the 
MP2 deficiency in estimating the very weak 
interactions (about 10 µh) in comparison to 
QCISD(T) /cc-pVTZ level which is near the 
exact solution of Schrödinger equation. Based 
on the results of  former level (Table3) , the 
value of -79.5 µh is reported for the interaction 
energy of two H2 molecule in L and -77.0 µh 
for T model. The precision of curve fitting (10-

9 h) allow us to establish the L model as the 
lowest energy model. With the same reasoning 
, step like and head to head models predicted 
to  have the same amount of stability. They are 
6 µh  more stable than side to side model. 
At MP2(Table2) , the difference of the 
interaction energy between L and T model is 
only  0.48 µh with the latter found to  be more 
stable in agreement with QCISD(T) results.  
While MP2 predicts that the step like model is 
3.5 µh more stable than head to head , 
QCISD(T) predicts the same amount of 
interaction energy for both (Based on fitting 
error). Head to Head  model is predicted to be 
1.5 µh more stable than side to side in 
QCISD(T).  
The other part of  this discussion will be spent 
for deriving the value of  R in which Eint(R) is 
equal zero. According to. Lennard-Jones’s 
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idea this R value can be assigned to the size of 
molecule. The R values ( R0) , derived from  
solving Eq.2  are gathered in Table 4.  
Eint(R)= Σ un (R-Re)n  = 0 (n=0,1,2,3,…,14)   (Eq.2) 
This table demonstrates that the size of 
molecule(as LJ proposed in the context of 
Hard sphere interactions) is highly depends to 
the  spatial orientations which  the two 
molecules  mutually interact(Min: 2.4 A0  , 
Max :3.6 A0 ). There exist two points in the 
graph of Eint(R)  which this value is equal to 
zero. One at R0 , the other  at infinity. 
Although the interaction energy in both points 
is zero but the total force (the slope of the 
curve) is not zero at R0. This net unbalanced 
force is the deriving force for reaching to the 
equilibrium (where the net force acting within 
molecule is zero). This analysis implies that 
the Energy  is not the sole key quantity in 
studying  the molecular properties. The Forces  
within molecules also plays crucial rule in the 
molecular properties. So both of them should 
be used when one intends to study the 
chemical properties of molecules.  
 
CONCLUSIONS 
Five rigid rotor based models of interaction 
have been proposed for the two H2 molecules. 
These were called : Head to Head , Step like ,  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Symmetric Side to side , L and T models.  
BSSE corrected interaction energy , Eint(R) , 
was calculated at both MP2(Full) and 
QCISD(T, Full) with cc-pVTZ basis set for 
each of the cited model. The PES  was then 
fitted to the Taylor series of expansion up to 
15 terms ( degree of 14)  for computing the 
equilibrium values of  R and well depth (U0). 
The results of two ab initio methods have been 
compared with each other. Both methods 
predicts that L model is the most stable form 
of interaction and symmetric side to side the 
leats. Based on LJ idea of hard sphere 
interaction , the value of R0 , at which the 
interaction energy becomes zero , was 
calculated for each model. The large range of 
R0 (1.2 Å at QCISD(T,Full) ) values are found 
to be incantatory to the simple hard sphere 
approximation.The crucial rule of the Forces 
acting within molecules (the slope of Energy 
profile) in the study of Intermolecular 
interactions is once again addressed.    
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Fig.1.  Five  rigid rotor models. R is the variable 
parameter for searching the PES.In T model , one H2 
molecule close to other in the perpendicular direction 
which passes through the mid point  of the bond 
length of the former. 
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