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Second-order correlation energies for atoms and molecules are calculated wth a novel vm~ond functional that 1s 

closely related to the one used before but neglects the most rlmc-consuming terms Consequently much Luger basis sets 

could be used Results for He, Be, Hz and LiH obtained wth an cxphc~tly correlated gaussian gcmmal bxw arc better thrn 
the best pubbshed results by 0.32,0.06,3.3, and 6.2% and arc esumatrd to be accurate to wthm a fraction of 1%. 

Calculation of the correlation energy for atoms and molecules usmg many-body perturbation theory (MBPT’) 
has been one of the most successful unplementatrons of this theory [I]. There have always been two major areas 
of investrgatrons: calculations of the most Important components m hrgher orders of MBPT (see ref. [2] for a re- 
cent renew) and calculations of low-order corrections, especially the second-order one, Et?), with increased ac- 
curacy (see e.g. refs. [3- 111). Due to the recent progress m the former field [2], the latter one, whtch reduces 
to solvmg the farmlrar basis set problem, seems to be more unportant at present. in a typrcal wse presented m 
ref. [2] the E(2) error determmes the accuracy of the final result. To rmprovc the accuracy of EC?) the standard 
method of summatron over a set of vrrtual orbit& ts usually abandoned and the first-order pair equations are 
solved directly [3- 1 l]. In ths way second-order energes with accuracres higher than 99% have been obtained 
for the first-row closed-shell atoms [3-6,9-l I]. The numerical techniques employed m these calculatrons are 
hard to extend to molecules. An exceptron is a method used by Pan and King [6] which amounts to solving the 
pair equations variatronally w-rth a basrs set of gausslan geminals that are exphcitly correlated by a factor 
exp(-& where r12 is the drstance between the electrons 1 and 2. A modified versron of thus approach has 
been employed by Adamowicz and Sadlej [7,8] for the Hz, Lii. and BH molecules. The basis set of exphcrtly 
correlated gaussran functions has also proven to be capable of reproducing accurately corrclatlon effects In a 
variety of observables hke polanzabrhties [IZ], Compton profdes [13], mteratomic potentials [14] and gener- 
abzed oscillator strengths [ 151. 

If for a closed-shell system the zeroth-order problem 1s determmed by a set of HF SCF cqu3trons 

f@, = eaQa , 0) 
where f Is the Fock operator, 9, ts the orbrtal and eo IS the orbital energy, then the first-order spm-free pair func- 
tions T& are defied by the equations 

Lf(l)+f(2)-e, -epls~p(12)=-42’i~Wbp(12), (24 
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Table 2 
Comparison of total corrchtlon cnerglcs 

HC Hz Llll 
R= 1.4 R = 3.015 

EJ*) -0.03131 -0.034 11 -0.07191 

hlghcr-order correcuons -0.00478 a) -0 00605 i b) -001157c) i 

lOlaI -0.04215 -0.04016 -0.08348 
“bmmll” correlation energy -0.04204 d) -0.04085 C) -0.08317 0 

pcrccnl of the corrclalion energy 100.26 98.3 100.4 
“best” hfBPT result prcvlous -0.04203 14 ] -0.03908 [7] -0.07696 [ 2 I 1 
pcrccnl or the corrclatlon cncrgy 99.98 95.7 92.5 

a) Sum ol’ thud-, fourth-,imd fifth-order corrccltons, from rd. 141. 
b) Sinanoglu’s “clact par? energy (whrch u cqurv&nt to the hnex CCM result) maws E(*) calculated III the umc basfi set, from 

C) ;e2fil~kad6 approumanl muus,@) ulculalcd m the umc basis set, from ref. 1211. 
d)Theorcticrd, fefs [ 17,221. C) Thcoretxal, ret-s. 118,231. 
0 hll\cd cxpcnmcntal and thcorelxal, computed usmg data from rcfs. [20,24 1. 

Work on higher-order correcllons IS m progress. However to show here the sp~ficancc of-accurate second- 

order energies for the final accuracy, our Et2) correcttons are combined wtth pubhshcd htghcr-order corrections 

and are compared m table 2 wtth some “ltmit” values of the corrclatron energy. 

For the Be atom our result IS essentrally the same as that of Lindgren and Salomonson [IO] and therefore has 

not been included m table 2. For the He atom our shghtly better E(‘) lcads to a poorer agreement with the cxac~ 

correlatron energy, especially when taktng mto account that the correcttons of sthth and hrgher ordcr,neglccted 

by Byron and Joacham [4], can be estimated wrth the geomctrrc approxlmatron to be equal to -4 X 10m5 au. Tlus 

shows that the value ofEt3) + EC41 + Et’) obtamed by Byron and Joacham IS still m error of ==O.OOOlS au. TIIIS 

error is probably caused by the very slow convergence of the partral wave expansion for thrrd-order cnergres ob- 

served recently by Jankowskt et al. 1251. The very good agreement for LIH IS probably accrdental. It results from 

a cancellation of the basis set effect mfluencmg the mcluded higher-order corrcctrons [31] wrth those MBPT con- 

trrbutrons which were neglected [21]. 

In sumrrtary we have proposed and tmplemented a computatronally more cffictent functtonal to vanattonally 
obtam hrgh-accuracy second-order energies. Wrth the present approach we arc able to match the “bass-set mdc- 

pendent” results whrch are avadable for atoms and at the same time to obtnm a smular accuracy for smaJl mole- 

cules, The results reported here are for the dtatomlc molecules but our program also handles the polyatomic mol- 

ecules. Work on this apphcatton IS III progress. 
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