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Electron correlation in momentum space for the neon-atom isoelectronic sequence
from F ~ through Ar 8+
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Accurate momentum-space properties for the neon-atom isoelectronic sequence ftonoligh AR are
calculated from highly accurate configuration-interaction wave functions that were constructed according to a
density convergence criteria. These results should provide a benchmark to which calculations of momentum-
space properties derived from other methods may be compared. Our results show that the inclusion of electron
correlation has a smaller effect on these properties for the Ne sequence than on other isoelectronic sequences.
The entropy sum is observed to increase with the inclusion of electron correlation which further substantiates
the claim of its use as a measure of basis set or density qUaitY50-294®6)03007-7

PACS numbsgs): 31.25-v, 32.80.Cy, 31.90ts

I. INTRODUCTION Recently, Bunge and EsquivéR0] and Esquivel[21]
have obtained a set of charge density optimized
In recent years, electron momentum dengEMD) and  configuration-interactiofCl) wave functions with a high de-
other density related properties for atomic and moleculagree of induced correlationX 92% of the correlation en-
systems have been the subject of a number of investigatior®gy) for neon and its isoelectronic sequence from F
[1—4]. In all of these studies, the central theme was a focushrough A*. The purpose of this paper is to report calcu-
of attention on the impact of the inclusion of electron corre-lations for the EMD and other density related properties
lation in the wave function. This was due in part to the avail-made from CI wave functions of Esquivel, which are sub-
ability of highly correlated bound state wave functions for gStantially better than those used in earlier calculations.
number of atoms and their isoelectronic sequences. Further-
more, such studies are also motivated because of the increas- Il. THEORETICAL METHODOLOGY

ing use of g,2e) spectroscopy and Compton scattering of  The details of the theoretical methodology are well de-

photons and high-energy electrons as powerful new techscriped in earlier papefd, 2], however, for the sake of clar-

niques for obtaining the EMDS]. ~ity, we outline the approach brieff22,23. First, the spin-
Studies of atoms have played an important role both in therzced one-particle density matrix,

development of experimental techniques and in testing the
validity of theoretical approximations such as the plane wave “ .
and distorted wave impulse ones. In particular, the noblé)(r’r =N PR (o X X, - Xn)
gases have been studied due to their chemical and physical
properties such a§) gaseous at room temperatu(i) their
relative chemical inertness, arii) closed shell electronic
structure.

Among the noble gases, the neon atom is an ideal test TABLE I. Calculated total energies for the Ne isoelectronic se-

target and hence a large number of studies, both theoreticgl,ence at the HF and CI levels. All energies are given in hartrees.
and experimental, have been carried out on the EMD. On the

X P(ro,Xs, Xz, ... Xy)dodx,dxs, ... dxy (2.1

is obtained in its natural form

experimental side, several measurements for the Compton |gn cl HF
profile [6—9] and similarly for orbital momentum densities
[10-13 are available. On the theoretical side, a number of F~ —99.809149 —99.459366
authors have calculated momentum densities and Compton Ne —128.892006 —128.54705
profiles within the impulse approximation, using bound state Na'* —162.034760 —161.67692
wave functions of varying degrees of sophisticafitd—19. Mg?* —199.192643 —198.83077
A3t —240.365029 —240.00032
Si4t —285.545715 —285.18091
“Permanent address: Department of Physics, University of Roor- P°>* —334.739982 —334.36963
kee, Roorkee-247667, India. S —387.937119 —387.56458
cl7t —445.137788 —444.76439
"Permanent address: Department of Chemistry, Queen’s Univer- Ar8+ —506.343528 —505.96808

sity, Kingston, Ontario, Canada K7L 3N6.
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. Given the NO,y;(r), in position space, Eq2.4) can be
P(f,f')=§k: Mex(M xi (r') (22 evaluated by computing the Fourier transfoffT),

and then transformed into momentum space ¢k(p)=(27-r)*3’zf e Py (r)dr. (2.5

p)=(2 fsj exp(—ip-r—ip’-r')p(r.r)dr dr’. Evaluation of the FT of th&th NO is carried out in a
m(p.p)=(2m) R=ip ph-rp(r.r) standard manndrR4]. The spherically averaged momentum
(2.3)  density may be obtained as

In the abovey is the position space representation of the
N-electron wave function ang;=(r;,o;) is a combined
space-spin coordinate for electronThe y, are the natural

orbitals which give the density matrix in diagonal form and  The ijsotropic Compton profildCP) J_(g) is related to the

N\ are interpreted as the occupation numbers of the réspegpherically averaged momentum denditp) as
tive natural orbitals(NO). As in position spaces(p,p’)

M(p)= f p?m(p,p)dQ. (2.6)

may be expanded in terms of its orthonormal eigenfunctions _ L J—
(the momentum space NQ;s¢;(p) J(Q)ZZWL pII(p)dp. 2.7
7(p p')=2 Nei(P) B (). (2.4) The moments of the electron momentum density are de-
’ K fined by

TABLE Il. The momentum density for Ne and its isoelectronic sequence.

p (a.u) F- Ne Nal* Mg?* Al 3t Si4* pS* sé+ cl7t Ar8*
0.00000  0.41387  0.25073  0.15422  0.10318  0.07223  0.05254  0.03940  0.03032  0.02382  0.01907
0.04000  0.42044  0.25137  0.15434  0.10321  0.07223  0.05254  0.03940  0.03032  0.02382  0.01907
0.10000  0.45297  0.25460  0.15496  0.10334  0.07226  0.05254  0.03939  0.03031  0.02382  0.01906
0.20000  0.54519  0.26485  0.15700  0.10379  0.07233  0.05253  0.03936  0.03028  0.02379  0.01904
0.30000 0.63667  0.27799  0.15981  0.10439  0.07243  0.05249  0.03930  0.03022  0.02374  0.01900
0.40000  0.68467  0.28970  0.16267  0.10500  0.07249  0.05242  0.03921  0.03014  0.02368  0.01895
0.50000 0.67741  0.29632  0.16479  0.10540  0.07245  0.05229  0.03908  0.03003  0.02359  0.01888
0.60000  0.62697  0.29571  0.16550  0.10540  0.07225  0.05207  0.03890  0.02989  0.02348  0.01880
0.70000  0.55314  0.28750  0.16432  0.10483  0.07184  0.05175  0.03865  0.02970  0.02334  0.01870
0.80000  0.47261  0.27265 0.16103  0.10357  0.07114  0.05130  0.03834  0.02948  0.02318  0.01858
0.90000  0.39570  0.25290  0.15569  0.10154  0.07013  0.05069  0.03794  0.02920  0.02298  0.01843
1.00000  0.32733  0.23016  0.14852  0.09875  0.06878  0.04993  0.03746  0.02888  0.02276  0.01827
1.20000 0.22031  0.18238  0.13021  0.09106  0.06507  0.04788  0.03622  0.02807  0.02220  0.01788
1.40000 0.14761  0.13868  0.10944  0.08131  0.06015  0.04517  0.03460  0.02704  0.02151  0.01739
1.60000  0.09943  0.10289  0.08903  0.07054  0.05437  0.04190 0.03264  0.02579  0.02068  0.01682
1.80000 0.06766  0.07537  0.07073  0.05975  0.04815  0.03823  0.03039  0.02435  0.01972  0.01615
2.00000  0.04665  0.05496  0.05530  0.04964  0.04187  0.03435  0.02793  0.02275 0.01865  0.01541
2.20000  0.03265  0.04014  0.04282  0.04064  0.03586  0.03043  0.02537  0.02105  0.01748  0.01459
2.40000  0.02325  0.02949  0.03300 0.03292  0.03033  0.02663  0.02280  0.01929  0.01626  0.01373
2.60000 0.01687  0.02186  0.02542  0.02649  0.02540  0.02307  0.02028  0.01752  0.01501  0.01283
2.80000  0.01248  0.01638  0.01962  0.02123  0.02112  0.01981  0.01788  0.01578  0.01375  0.01191
3.00000  0.00942  0.01244 0.01522 0.01699  0.01748  0.01690 0.01566  0.01411  0.01251  0.01099
3.20000 0.00725  0.00957 0.01189  0.01361  0.01442  0.01434  0.01362  0.01254  0.01132  0.01008
3.40000 0.00569  0.00746  0.00936  0.01094  0.01188  0.01213  0.01180  0.01109  0.01018  0.00920
3.60000  0.00454  0.00590 0.00743  0.00882  0.00979  0.01023  0.01018 0.00975  0.00911  0.00836
3.80000 0.00369  0.00473  0.00596  0.00715  0.00808  0.00862  0.00875 0.00855  0.00813  0.00756
4.00000 0.00304 0.00385  0.00483  0.00583  0.00669  0.00726  0.00751  0.00748  0.00722  0.00682
450000 0.00198  0.00241  0.00298  0.00361  0.00424  0.00476  0.00512  0.00530  0.00531  0.00519
5.00000 0.00137 0.00162  0.00195 0.00234  0.00277 0.00317  0.00351  0.00374  0.00387  0.00390
6.00000  0.00073  0.00083  0.00096  0.00112  0.00131  0.00151  0.00172  0.00191  0.00206  0.00218
7.00000  0.00042  0.00047 0.00054  0.00061  0.00070  0.00080  0.00091  0.00103  0.00113  0.00123
8.00000  0.00025  0.00029  0.00032  0.00037  0.00041  0.00047  0.00053  0.00059  0.00066  0.00073
9.00000  0.00015  0.00018  0.00020  0.00023  0.00026  0.00029  0.00033  0.00036  0.00040  0.00045
10.00000  0.00009  0.00011  0.00013  0.00015  0.00017  0.00019  0.00021  0.00024  0.00026  0.00029
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TABLE lll. The Compton profile for Ne and its isoelectronic sequence.

g (a.u) F- Ne Nal* Mg?* Al3t Si4t pS* S6+ cI’t Ar8*

0.00000 3.46914 2.73912 2.28799 1.97514 1.74077 1.55777 1.41034 1.28895 1.18709 1.10039
0.04000 3.46704 2.73786 2.28721 1.97462 1.74040 1.55751 1.41014 1.28879 1.18697 1.10029
0.10000 3.45551 2.73118 2.28313 1.97189 1.73850 1.55612 1.40910 1.28800 1.18634 1.09979
0.20000 3.40820 2.70669 2.26843 1.96213 1.73168 1.55117 1.40539 1.28514 1.18410 1.09799
0.30000 3.31454 2.66399 2.24354 1.94578 1.72031 1.54292 1.39921 1.28039 1.18037 1.09500
0.40000 3.16799 2.60145 2.20806 1.92275 1.70438 1.53139 1.39058 1.27375 1.17515 1.09083
0.50000 2.97424 2.51841 2.16173 1.89300 1.68388 1.51658 1.37951 1.26524 1.16847 1.08548
0.60000 2.74817 2.41590 2.10460 1.85656 1.65888 1.49855 1.36604 1.25489 1.16034 1.07897
0.70000 2.50710 2.29660 2.03719 1.81361 1.62945 1.47734 1.35020 1.24272 1.15078 1.07131
0.80000 2.26582 2.16447 1.96047 1.76448 1.59575 1.45306 1.33206 1.22878 1.13982 1.06253
0.90000 2.03466 2.02406 1.87583 1.70969 1.55801 1.42582 1.31169 1.21311 1.12749 1.05265
1.00000 1.81971 1.87990 1.78499 1.64989 1.51655 1.39579 1.28918 1.19577 1.11384 1.04169
1.20000 1.44792 1.59584 1.59225 1.51857 1.42396 1.32815 1.23823 1.15640 1.08276 1.01671
1.40000 1.15292 1.33545 1.39682 1.37777 1.32164 1.25211 1.18036 1.11138 1.04705 0.98790
1.60000 0.92423 1.10986 1.21042 1.23480 1.21372 1.17003 1.11698 1.06158 1.00728 0.95565
1.80000 0.74876 0.92143 1.04064 1.09592 1.10430 1.08446 1.04967 1.00803 0.96413 0.92044
2.00000 0.61444 0.76754 0.89111 0.96574 0.99700 0.99788 0.98006 0.95181 0.91833 0.88276
2.20000 0.51134 0.64343 0.76253 0.84708 0.89465 0.91250 0.90977 0.89403 0.87067 0.84318
2.40000 0.43163 0.54389 0.65376 0.74125 0.79926 0.83016 0.84022 0.83578 0.82192 0.80226
2.60000 0.36937 0.46406 0.56268 0.64839 0.71199 0.75224 0.77264 0.77801 0.77282 0.76055
2.80000 0.32013 0.39981 0.48684 0.56787 0.63333 0.67966 0.70799 0.72158 0.72406 0.71860
3.00000 0.28061 0.34776 0.42381 0.49861 0.56325 0.61293 0.64698 0.66717 0.67625 0.67689
3.20000 0.24843 0.30525 0.37138 0.43932 0.50136 0.55225 0.59006 0.61532 0.62988 0.63587
3.40000 0.22180 0.27020 0.32763 0.38869 0.44704 0.49752 0.53746 0.56639 0.58535 0.59591
3.60000 0.19945 0.24100 0.29094 0.34547 0.39957 0.44851 0.48925 0.52063 0.54297 0.55731
3.80000 0.18041 0.21642 0.25998 0.30852 0.35818 0.40483 0.44536 0.47815 0.50295 0.52032
4.00000 0.16400 0.19550 0.23369 0.27686 0.32213 0.36603 0.40560 0.43895 0.46541 0.48513
4.50000 0.13128 0.15488 0.18308 0.21548 0.25090 0.28732 0.32258 0.35472 0.38257 0.40558
5.00000 0.10669 0.12545 0.14719 0.17205 0.19974 0.22924 0.25922 0.28813 0.31478 0.33835
6.00000 0.07213 0.08559 0.10015 0.11619 0.13395 0.15332 0.17400 0.19532 0.21658 0.23711
7.00000 0.04947 0.05996 0.07087 0.08243 0.09488 0.10831 0.12276 0.13805 0.15391 0.16998
8.00000 0.03419 0.04254 0.05116 0.06011 0.06951 0.07947 0.09006 0.10129 0.11310 0.12535
9.00000 0.02380 0.03043 0.03735 0.04453 0.05198 0.05976 0.06792 0.07650 0.08552 0.09494
10.00000 0.01671 0.02192 0.02748 0.03331 0.03937 0.04565 0.05218 0.05899 0.06611 0.07352

| S correction.m, is the mass of the electron aeds the speed
(p >:47Tf0 p"em(p)dp, —2=n=4, (2.8  of light in vacuum(for details see Ref26]). We have also
computed the smalp MacLaurin and largep asymptotic
where the limits om arise from thep~® asymptotic behav- coefficients oftI(p), which may prove useful in the analysis
ior of II(p) and the fact thatl(p) is finite and nonzero at ©Of experimental Compton profilg26]. The general expres-
p=0 [25]. (p) is proportional to the Slater-Dirac exchange sions for the asymptotic expansionsldp) [27] are
energy to a high degree of accuracy afpf) is roughly _
proportional to the initial value of the Patterson function in II(p)=Ag+ Ap?+ Aup*+O(p®) (2.11
x-ray crystallography{25]. (p~1) is simply the peak value
of J(q=0) of the ICP.(p?) is proportional to the nonrela- for smallp, and
tivistic kinetic energy. The expectation valuds, and H _
are the quasirelativistic energy II(p)=Bgp 3+Bygp %+Byp ?+O(p ) (2.12

E4=(p®)/(2me) —(p*)/(8mcC?) (2.9  for large p. These coefficients have been tabulated for
Hartree-Fock wave functiori26].
In addition to the properties above, we have computed the

Ho=mec2{[ 1+ p/(mZc?)]¥2— 1}. (2.10 momentum space information entrof8]

and the complete relativistic kinetic-energy operator

In Eqg. (2.9, the first term is the nonrelativistic kinetic
energy and the second one is the Breit-Pauli mass velocity

Sn=—J m(p,p)In(p,p)dp. (2.13
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L Ill. RESULTS AND DISCUSSION
We have also calculate8l,, the analgous quantity in po-
sition space, so that we may compute the s@y;+S,. The momentum-space properties of neon and its isoelec-
These entropies are of interest since it has been suggesttrdnic sequence were calculated from Hartree-Foeli)
that [28] their sum increases with an enhancement of th¢30] and Cl wave function$21,22 using Eqgs.(2.6)—(2.8).
quality of the basis as well as with electron correlation forThe Cl expansion of the neon wave function contains 486
ground-state atoms. Hence these measures could be of irferms in a[6s,7p,3d,2f, and If] Slater-type orbitalSTO)
portance in the assessment of basis set quality. Such studibasis set and are distributed among kheL, and intershell
have been performed on a variety of atoms and moleculategions. These terms include all single and double excita-
systemdq 29]. All integrals pertaining to the respective prop- tions, of theK andL shells and intershell (s and 1s2p
erties were calculated numerically by dividing the intervalexcitationg, into the virtual orbitals. This procedure yields
[0c0] into a number of subintervals, each of which wasenergies that approximately represent 93% of the correlation
treated with an eight-point Gauss-Lobatto quadrature. energy (see Table )l No triple and quadruple excitations

TABLE IV. The expectation values of the momentum density, the quasirelativistic kinetic-energy opera-
tor, the relativistic kinetic-energy operator, the information entropies, and asymptotic coefficients for F
through AP* at the Cl level. All numbers are in atomic units; numbers in brackets indicate powers of 10.

Property F Ne Nal* Mg?* Al3*
<p72> 9.0105 5.5527 3.8497 2.8657 2.2237
p™hH 6.9383 5.4782 4.5760 3.9503 3.4815
(p) 30.0142 35.2412 40.4205 45.5635 50.6920
(p?) 199.607 257.751 324.045 398.369 480.722
<p3> 2.55013] 3.5915%3] 4.89683] 6.49663] 8.42093]
(p% 6.37414] 9.87194] 1.46695] 2.106(Q5] 2.93715]
E,4 —4.2429—1] —-6.5712—1] —9.764% 1] —1.4018 —1.9551
(Ho) 5.4376 2] 9.2007-2] 1.4794 1] 2.2806—1] 3.3962 1]
Sn 35.7927 41.3815 45,9644 49.8711 53.2952
S, 4.23488 —2.33118 —7.41906 —11.64297 —15.29224
Sn+S, 40.0276 39.0503 38.5453 38.2281 38.0030
Ao 4.1387-1] 2.5073—1] 1.5427 —1] 1.0318— 1] 7.2227-2]
A, 4.1496 3.9881— 1] 7.5809 — 2] 1.6373 2] 3.0622 — 3]
Ay —2.47431] —-1.2119 -1.637%—1] —3.4493 - 2] —9.5991 - 3]
58/25 0.92770 1.58615 2.57670 4.01193 6.03624
BlO/Z7 —3.37434 —6.99489 —13.55977 —24.70429 —43.44633

B,/Z°

9.93360

22.36282

51.56557

106.97828

222.77527
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TABLE V. The expectation values of the momentum density, the quasirelativistic kinetic-energy opera-

tor, the relativistic kinetic-energy operator, the information entropies, and asymptotic coefficient$*for Si

through A®™ at the ClI level. All numbers are in atomic units; numbers in brackets indicate powers of 10.

Property Sl pS+ S cI7t Aré*
<p72> 1.7795 1.4577 1.2169 1.0316 0.8861
<p71> 3.1156 2.8207 2.5779 2.3742 2.2008
(p) 55.8101 60.9250 66.0345 71.1408 76.2449
(p?) 571.075 669.462 775.856 890.254 1012.66
<p3> 1.07004] 1.33644] 1.64444] 1.99704] 2.39734]
(p% 3.99445] 5.31675] 6.94495] 8.922%5] 1.12996]

E,4 —2.6588 —3.5390 —4.6228 —5.9392 —7.5206
(Ho) 4.9031—1] 6.8975—1] 9.4826—1] 1.2776 1.6915

Sn 56.3486 59.1096 61.6289 63.9472 66.0952
S, —18.51572 —21.41063 —24.03863 —26.44711 —28.67109
Sn+S, 37.8329 37.6990 37.5903 37.5001 37.4241
A, 5.2544 — 2] 3.9403 - 2] 3.0322-2] 2.3825— 2] 1.9068 — 2]
A, —28867-4]  —1.0139-3] —1.050[—3] —88852-4] —7.1229-4]
A, ~3.1830-3] —1.2037-3] —4.9096—4] —2.1843—-4]  —1.0299-4]
Bg/Z° 8.80188 12.50608 17.36188 23.61799 31.57162
BlO/Z7 —72.90073 —118.21104 —185.37078 —282.45076 —420.94214
812/29 446.45674 793.46597 1398.93423 2378.15380 3935.91610

were included. The importance of these excitations was ex- These compact Cl wave functions for neon and its iso-
amined but it was noticed that the effects were always leselectronic sequence represent the final stage of a convergent
than 0.01% in all of the space. For the ions of the isoelecsequence, both in the charge density and its derivative. These
tronic sequence, the corresponding nonrelativistic Cl wavelensities satisfy the cusp conditip®1] and asymptotic be-
functions were calculated in a systematic manner, i.e., alhavior[32]. Fully converged results for one-electron proper-
singly and doubly excited configurations obtained by pro-ties in position space have been repotta8d].

moting K andL electrons in the Hartree-Fock configuration =~ The momentum density and Compton profile for neon and
are included in the wave function. The final Cl expansionsts isoelectronic sequence are tabulated in Tables Il and 111
contain 723 terms ifi7s,7p,4d,4f,2g] STO basis sets allow- In order to study the differences in the momentum density
ing for over 92% of the correlation energy. and Compton profile obtained from HF and Cl wave func-

TABLE VI. The expectation values of the momentum density, the quasirelativistic kinetic-energy opera-
tor, the relativistic kinetic-energy operator, the information entropies, and asymptotic coefficients for F
through AP* at the HF level. All numbers are in atomic units; numbers in brackets indicate powers of 10.

Property F Ne Nal* Mg?* Al3*
(p~2) 8.7972 5.4795 3.8269 2.8545 2.2176
(p~ b 6.8797 5.4558 4.5691 3.9474 3.4802
(p) 29.9661 35.1964 40.3681 45.5127 50.6439
<p2> 198.9176 257.0936 323.3558 397.6597 479.9994
<p3> 2.5435%+3] 3.5843+3] 4.8891+3] 6.4876¢+3] 8.4108+3]
(p% 6.3653+4] 9.859G+4] 1.4655+5] 2.1040+5] 2.9344+5]
E,4 —4.2372—1] -6.5629—1] —9.7549 1] —1.4005 —1.9532
(Ho) 5.4367 2] 9.1929 - 2] 1.4781—1] 2.2783—1] 3.3923 1]
Sn 35.7618 41.3451 45,9201 49.8322 53.2619
S, 3.96101 —2.47329 —7.48988 —11.68605 —15.32137
Sn+S, 39.7228 38.8718 38.4302 38.1462 37.9405
Ao 4.0950 — 1] 2.4597 — 1] 1.5284—1] 1.0233—1] 7.1754-2]
A, 3.5287 3.6110-1] 6.9937 2] 1.5728—2] 2.9831-3]
Ay —2.0409+1] —1.0761 —1.5052 -1] —-3.2970-2] —9.300Z - 3]
58/25 0.92776 1.58483 2.57421 4.00756 6.02836
BlO/Z7 —3.39139 —6.99796 —13.49727 —24.61929 —43.22294
812/29 9.22736 22.46007 50.33300 106.01984 218.45003
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TABLE VII. The expectation values of the momentum density, the quasirelativistic kinetic-energy op-
erator, the relativistic kinetic-energy operator, the information entropies, and asymptotic coefficients for
Si** through AB* at the HF level. All numbers are in atomic units; numbers in brackets indicate powers of

10.

Property st pS* sé* clI’t Ar8*

(p~?) 1.7758 1.4560 1.2157 1.0309 0.8854
<p_l> 3.1148 2.8207 2.5779 2.3743 2.2008
{p) 55.7662 60.8821 65.9947 71.1038 76.2105
(pz) 570.3601 668.7356 775.1270 889.5274 1011.9358
(p%) 1.0689+4] 1.3351+4] 1.6431+4] 1.9957+4] 2.3959+4]
(p% 3.9921+5] 5.3127+5] 6.9403+5] 8.9180+5] 1.1293+6]
E,4 —2.6573 —3.5364 —4.6198 —5.9362 —7.5171
(Ho) 4.9015—1] 6.8903 — 1] 9.4746 — 1] 1.2769 1.6907

Sn 56.3210 59.0850 61.6077 63.9291 66.0795
S, —18.53749 —21.42539 —24.05067 —26.45698 —28.67953
S+ Sy 37.7835 37.6596 37.5570 37.4721 37.3400
Ao 5.226%— 2] 3.9268—2] 3.0239-2] 2.3773-2] 1.9026 — 2]
A, —2.7936 — 4] —9.9414 - 4] —1.0450 - 3] —8.8448 — 4] —7.0670— 4]
A, ~-31071-3] —1.1883-3] —4.8207-4] —2.1509-4]  —1.0190-4]
Bg 1z 8.79898 12.49038 17.34433 23.60243 31.55259
BlO/Z7 —72.81070 —117.48209 —184.50471 —281.75297 —420.00817
BlZ/Zg 425.30513 776.09342 1376.16551 2352.24972 3901.17946

tions, we have displayed difference functions defined as ences are smaller in this case may be due to an averaging out
_ _ _ - of I1(p) from the integratiorjsee Eq(2.7)].
ATI(p)=Tlep(p) —Ixe(p) and AJ(Q)=Jdep— Iure Atomic properties(p")(—2<n<4), E,, Hy, informa-
(3.1  tion entropies, and both small and largeexpansion coeffi-

o . . i cients of I[I(p) are compiled in Tables IV and V and in
in Figs. 1 and 2 for the neon isoelectronic sequence. Figure ¥5p1es VI and VII for the ClI and HF results, respectively.
shows the electron correlation effect bifp): It is seen that  Note that(p?) and(p*) values for the neon atom have been
there is a small deviation between the Cl and HF densities UReported previouslyf35] and used to test the accuracy of
to 2.0 a.u. The deviations follow the general trend, i.e., deyalues obtained from a variational Monte Carlo method. It is
creasing with increasing nuclear charge. The largest differpbserved that all properties obtained from CI and HF wave
ence occurs for F (~6%), Ne (+3%), andthen decreases functions are in good agreement of the order of 1% except
rapidly thereafter along the isoelectronic sequence becomingye smallp coefficients, which differ as much as 10% for a
almost negligible for AP*. This clearly shows that the im-  few members of the sequence. This is expected as these co-
pact of the inclusion of electron correlation is not significants¢ficients depend on the low momentum region I&fp)
for closed shell atoms such as neon and its isoelectronic ionghich is sensitive to electron correlation. This agreement is
Obviously, this trend is different from that seen for the be-5155 seen on comparison of the asymptotic coefficients,
ryllium and lithium isoelectronic sequences,2]. These \yhich test the differences in the core regions. The behavior
qualitative changes observed on going to closed shell sysst the entropy sum further validates its use as a measure of
tems may be understood |ntumvely. The main Corr‘?lat'ondensity quality as there is an increase on going from the HF
effects for these atoms are promotions of electrons ir#0 35 the CI levels for all of the atoms of the sequerBg.and
and 3 states, which are both more diffuse in position spaces are photh seen to increase on going from HF to CI. This is
than the orbitals occupied in the HF picture. Thus the overalh;/mke the beryllium atom sequence wheS¢ was seen to
effect is an expansion. Since more localizecrbitals get  yaocrease. ang. increase. from HF to a1].
depopulated and more diffuse ones become populated, one Inspection oflT(p) in Table Il reveals thaﬁ(p) is non-
may expect some nodal oscillations in the difference prOf"e‘monotonic for F through AR* and is monotonic for
in both position and momentum spaces. This is what is Ob'Si"'* and higherZ members of the sequence. This behavior

served in Fig. 1. .A S‘m”af variation for the Chafge density, has been noted previously for both HF and correlated wave
momentum density, and internally folded density has beer1?unctions [36]. Consistent with this is the fact tha, is

observ.ec{34]. L R — positive for F~ through AP* and negative for the higher
A. similar variation can be seen in Fig. 2 fka(q). Z members of the sequence.

Again, we see here that the correlation effects on this quan-

tity are not as important as for thell(p). The intensity of

the correlation shift near the peak of the profile is about 1%

for F~ and 0.5% for Ne. It is almost negligible for the rest of ~ Accurate calculations of various momentum-space gquan-

the isoelectronic sequence. The fact that the relative differtities for the neon isoelectronic sequence are reported. These

IV. SUMMARY AND CONCLUSIONS



54 ELECTRON CORRELATION IN MOMENTUM SPACE FOR TH. .. 1883

calculations employed highly accurate configuration- ACKNOWLEDGMENTS

interaction wave functions that were constructed using den-

sity convergence criteria. The values for the momentum- This research was supported in part by the Natural Sci-
space properties when compared with those from Hartreeences and Engineering Research Council of Canada. R.P.S.
Fock calculations indicate that the effects of electronwould like to thank the Departamento de @iga at the
correlation are less than those of other closed shell isoeletniversidad Autmoma Metropolitana for their hospitality.
tronic sequences. It is noted that the entropy s8p%S,, R.O.E. wishes to acknowledge financial support from the
increases from the HF to the CI level, which gives furtherConsejo Nacional de Ciencia y TecnolagMexico) through
credibility to the argument of its use as a measure of basis s&rant No. 4970-E9406. Allocation of computer time from
or density quality. The results presented here should providthe Laboratorio de Superoguto y Visualizacia en

a benchmark for testing valence properties of wave function®aralelo at the Universidad Automa Metropolitana is
and densities obtained by other methods. gratefully acknowledged.

[1] A. N. Tripathi, Robin P. Sagar, Rodolfo O. Esquivel, and V. H. [19] A. Duguet, A. Lahmam-Bennani, and M. Roualt, J. Phys.

Smith, Jr., Phys. Rev. 45, 4385(1992. (Parig 41, 325(1980.
[2] Rodolfo O. Esquivel, A. N. Tripathi, Robin P. Sagar, and V. H. [20] A. V. Bunge and R. O. Esquivel, Phys. Rev.34, 853(1986.
Smith, Jr., J. Phys. B5, 2925(1992. [21] Rodolfo O. Esquivelunpublisheg
[3] H. Schmider, Rodolfo O. Esquivel, Robin P. Sagar, and V. H.[22] R. Benesch and V. H. Smith, Jr., Wave Mechanics: The
Smith Jr., J. Phys. 26, 2943(1993. First Fifty Years edited by W.C. Priceet al. (Butterworths,
[4] Ajit J. Thakkar and H. Tatewaki, Phys. Rev. #2, 1336 London, 1973.
(1990. [23] R. Benesch and V. H. Smith, Jr., Phys. Rev5A114(1972.
[5] Compton Scattering, The Investigation of Electron Momentuni24] P. Kaijser and V. H. Smith, Jr., Adv. Quantum Chehg, 37
Distributions edited by B.G. Williams(McGraw-Hill, New (1977).
York, 1977; R. A. Bonham and M. FinkHigh Energy Elec- [25] R. K. Pathak, B. S. Sharma, and A. J. Thakkar, J. Chem. Phys.
tron Scattering(Van Nostrand Reinhold, New York, 19y4 85, 958(1986.
[6] P. Eisenberger, Phys. Rev.5A628(1972; P. Eisenberger, W. [26] W. M. Westgate, R. P. Sagar, A. Farazdel, V. H. Smith, Jr., A.
H. Henneker, and P. E. Cade, J. Chem. PB$s1207(1972. M. Simas, and A. J. Thakkar, Atom. Data Nucl. Data Tables
[7] T. C. Wong, J. S. Lee, H. F. Wellenstein, and R. A. Bonham, 48, 213(199).
Phys. Rev. Al2, 1846(1975. [27] A. J. Thakkar, A. L. Wonfor, and W. A. Pedersen, J. Chem.
[8] W. Weyrich, P. Pattison, and B. G. Williams, Chem. Phij. Phys.87, 1212(1987).
271(1979. [28] S. R. Gadre, S. B. Sears, S. J. Chakravorty, and R. D. Bendale,
[9] A. Lahmam-Bennani, A. Duguet, and M. Rouault, J. Chem. Phys. Rev. A32, 2602(1985.
Phys.78, 1838(1983. [29] Minhhuy Ho, Robin P. Sagar, Jose M. Perez-Jorda, V. H.
[10] A. Ugbabe, E. Weigold, and I. E. McCarthy, Phys. RevliA Smith, Jr., and Rodolfo O. Esquivel, Chem. Phys. 210, 15
576 (1975. (1994); Minhhuy Ho, Robin P. Sagar, V. H. Smith, Jr., and
[11] A. J. Dixon, I. E. McCarthy, C. J. Noble, and E. Weigold, Rodolfo O. Esquivel, J. Phys. B7, 5149(1994).
Phys. Rev. Al7, 597 (1978. [30] E. Clementi and C. Roetti, At. Data Nucl. Data Tablds 177
[12] I. Fuss, I. E. McCarthy, C. J. Noble, and E. Weigold, Phys. (1974.
Rev. A 17, 604 (1978. [31] E. J. Steiner, J. Chem. Phy&9, 2365(1963.
[13] K. T. Leung and C. E. Brion, Chem. Phy&2, 87 (1983. [32] M. Hoffman-Ostenhof and T. Hoffman-Ostenhof, Phys. Rev.
[14] R. J. Weiss, A. Harvey, and W. C. Phillips, Philos. M4g, A 16, 1782(1977; M. Levy, J. P. Perdew, and V. Sahni, Phys.
241 (1968. Rev. A 30, 2745(1984).

[15] L. B. Mendelsohn, B. J. Bloch, and V. H. Smith, Jr., Phys. [33] Rodolfo O. Esquivelunpublishegl
Rev. Lett.31, 266 (1973; L. B. Mendelsohn and B. J. Bloch, [34] Hartmut Schmider, Ph.D. thesis, Queens University, Kingston,

Phys. Rev. Al2, 551(1975. Ontario, Canada, 199npublishegl
[16] M. Naon and M. Cornille, J. Phys. B, 954 (1973. [35] S. A. Alexander and R. L. Coldwell, J. Chem. Ph¥63 2572
[17] V. H. Smith, Jr. and R. E. Brown, Chem. Phys. L&, 424 (1995.

(1973. [36] Robin P. Sagar, Rodolfo O. Esquivel, H. Schmider, A. N. Tri-

[18] B. Y. Tong and L. Lam, Phys. Rev. A8, 552(1978. pathi, and V. H. Smith, Jr., Phys. Rev.4¥, 2625(1993.



