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P24 [1%] Bocawse  [lighl  funclicms arc mpre
impoizant far (HFCCs than Bor enerpy dillerenues,
care carralatien is necessany for even the qualitative
compatatean o IHECCs of sooms neavier than
helivm, 1 his also explas why the converpemee ol
MECCs from anclereference O caboulations with
energy- selectad texeired confligumitons” 15 slower
than e convergencs of The {olal enersy, The fact
that the soin density s e dilference of the
comparalry sized o and b densibes may increass
peobleons cansed Ty loch cverly cortemeled buasis
safs and an insuffician: treatmant of cocmsiation,
Waoeus groups hdve attempred the quantitabwe
caleulaton of  lBatopic hvperfine  coupling
comstants with ate inilio memads Semiguantitaiye
ggreement with experincant may he reacled with
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T the  2lew sonvergence ol the  T(FCCs,
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MELD- CL By, B s the cheapest method and s
wsell in Lhe culewsatioe ol Beth solverl oand
vibrullenw] clecls, bBul oo syswralic way ol
inproving ke resuelts 5 koown. Both quadratic I
PO ansd coupled clusizr (O] 2iee pocd mesulls,
especially when tple exciialions s o need via
parirbation. theory. UL i3 morz vemplets than )
weltL U o eompaaliooal Mol [U7] Busis sols
devaivped oy Chijpman [15], Feler e al[1w], and
Rarcee [20] as wall as large, wncar-aited, even-
ternperaid oasis sets |21 pertorm berzr than ths
us.l, coergve oplimiaed basiy sers, Howevern o
the IEFOS of bvadmgeen oo, ereoas of 20%6 o
e are coiutron. 1T iz ars cosl e fad besis szt
for  hydrogan that reduce  this emor
T dvoiel the probloms telaicd o puemrimy
salvent, and wibratioral cffeess, we dezrnined
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caltulaticns closz L the UL 1 compraste Saeis set
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copendis. L1, L7, and 1" ave sxparimertally
hoever: The isebrapie beponling couplicg ol
CHL-CC of 117 in nekle 2ases vities berasen
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All calezations we:s porfonncd using the
AULS 1 |2Y] progracy sysmews. Spherical o, 7, and 2
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Pelenn, Wats, end  Batlett |30 we ncinde
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calzutations, The spin densitics v ke noglei were
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oplinievd values of .03 and 10367 A, The
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Basis Sed Development

The isotrapic 110 i3 proporlional e the
apin decsicy 20 U rocleus, T isolated atoms, the
isotropic TIFCL i3 divectly related <o elecirons o s
urkileis. Eleclrons in wdher ardivls bave oodal
planss ar the wuclews and heac: only sdicecty
gy ke HECC vz -he elecior-clecmen
inléraction. 12 Bass sets concpessd of Grussizn
nclens, wery gk < primidlives ae needed o
deseriges ihe elestron demsity ar the nuoclegs,
Crrdirasy basis sels, with expocents opiraized Jur
atormiz ensrgoes. do not necesserile coptzin hese
very B s primitives, This, wgeler wilh
insufticierst Hexhiliey in the inner valence anc core
vismioma, leads 1o imexnet electron densitics al the
nielei. ihe problem s pacticudarly severe for
healrogen.

In moleca'ar radizals, the spin densily ot @
neclenz is deacrined by the & functiors of thas atom
unnd valesoee and dilies luecions ¢ suoreandisg
atoms. Beosa.se the vaoes of these funslions 9t ke
nuclews ol a swigikoring atoer a2 restivels srall,
we expect thair influence o b sccondary lo g
Lizrt s primitives. Bomd  foenwicn wdl alao
increase the anitotrepy ol the electran dznaize at-he
sun ol dweresl Therelng, we cxpect Fighear
angLlar memenbuy fusctions te be moce Doporas
theam i1 Hhe eglated sam o

Geeause & good wiatment of cosrelstion
clicels B reveszary to calvoluge Tadoopic TRCCR
aecwglely. w2 degivr e new basis sets Som te
corteigEdon- consisienl basiv sets ol Deaning ol
co- wonrkess (0] Ficst, sight 5 functies aoe added,
anzl the beisis w215 aoe dewed in SCF cotenlalions ol
tha hwdrogen atom, o ki way, corceatian sffects
a1l present, ard 1o essel resull 15 Kneswers i
secanz step, we 2t tho basis sste on the |0
psslenulis Tlers, polanzalion fund, Pooose ol de
izrze bond distance, diftusel funciiens bevoore
i e and. The cenliachion zatiemn 15 of imporards,
tomn Wi Lhen calenlare dwowropic ECTs o 700,
goconeves bolween 212 and By Hone, voirelation
haoonas impodanl. W compare e weli-
conveeod dsatropic HFOCs czleuaed for she
izolatzd, nmonvibeating mocencles o oavoid e
probbeing el woeeraneias welated o salvent and
vibeztional averaging effzats, We will wesnine bow
congister! thy new Ry sl epedies The
refercney iEFCCS and compare Fo Cehzr bisis sels
I 1e fifth stopois the conmaction ol Uw Dasis 521559
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From the co-p¥W0F- a0 data, we eonciode

thel one ot two tight s funesions Improve the energy
of U Tydeoger: atam obeeal hol of e way e ow-
p¥lE resalts. Further tight & fanctions have 15kl
infhieace an the energy Bul increase the calculated
IIFCC. The efleel of Geh: 3 funelions on che 1TECE
vreakens after the exponenl: each e eags
hetwsen 3 00K and 17 0O malbe, wich aight right
5 tumctions, the HEFOO cxceods the cxact valus, We
at-ibote this to a slighs shift o he electron
dislrizolion caused by the sdediliong] Gizht functions,
whick lewds e w o slight  imperfection o7 the
conbraction coetficisats. This chain is seppocted Sy
the 1TFCC caleulded wilh co- pWDEZ-wul, 2
campletely cocontracted Lasis set willl caponenis
denticl o those of ce 2vidd g8 Lhe TLCL
calenlalcil with the =8 Duzie et ds in hoier
azrazment with the exaet waluz, and ir is ama'ler
than thz exact valug, as expacted {iom thearztical
arprments, Inobe oo EA-sn series, the tizht s
Faneticns kave a mnch saallze offeer on 19 cne gy
af Tae bydrogeh atorl The incoeasc in e 52in
density vapers ol wirl meeessing, weee b el il s
functions, ot we did oot fellow the og- pY iE-sn
serigs fur etwoury fo deternine if 2 exceeds the
exgel value, The co-pWVXZE-15w-u basis sels are
colistrweted diZTercntly, 1 them, Line pacend ce- Dasiz
ser 15 unconwacted, and Tive 5 farctions form an
evem- o extension from the tizhtest reglar €
tunction to U9 W9 These Tasis sels give HFCOs
thee arz o litthe kit lower dhar those fom the
cotrespanding oc- 55 baziz setz, but the encecies are
edramnche sinilae Ty bsise ue when basls sels
seltls simile largesl expooaenss are corgwmred. The
Argest cEponint inoce- pWLid-sk in W30 Dot
.|;-_t|ll: sipilher U nove- aWERE- LSs-w TI.-..
ereepfas are practically idertical, kot ae FICC
calinlated it Fae s 00300 Lo Jow Jnslesd of
u4ets woe high, On o reaed nowe, e HECC
alenlated with ¢o pWDZthsu i3 0.04"% larezer
than the sk valne, eopsizstens with the slipry
ear Tiphtesr ce-nVTIF- cxpeoo esod 0 oce-
PV LA ths u.
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In the 1T, radical u:.itim pulzrissticn
Sancticns aced e Mexiziliey e the s Tunelions
hoeene imporaat. oo the herdrogen 2tam, che s
Banctiens Jid pon aeed e ke Nexibls because thz
conlrmadian coclMiciae  weare I_!'[_Ilir'lii'r_".'_'d liar bt
¢asza. lherefare. .7 05 3 12st fo the valence aad
palarization sacts of the basis szis, v additior ro the
mclzar cospoproklem. The wave furction of Tl
carsol b dideoningd woalylicely, Dut enorie und
spe dersites ul the wclsi bivee boeen determing]
with high aoeneay,

As owith the hwvdeaser aionn e cu- fsasis sels
canerrae wward Smiting valves, but she isotrops
FCCs ure oo Lo, The en bugis wate wive LS
Dotz S50 qe! N2 we-p VO ol . o Fererass
valne (%eh. Takle 13 The serestinating s
stronger than with the Sopdrogen aom. Adding
il fnelioms By tha e pW - 2% wagin set
improves the cslealarad TFCGs. The niahr

ARLER. Al Derciet wi.

functicns 2 co- pVTIZ - s3pl have vary little eftect.
Iz 15 neteworthy that the difference bebaern % Ay
ol Hy - and H- fir co= pWTF amd the cu- pVIZ- mn
and ¢e- p¥[E- an basis sets i aboat 1.5%. Again,
we ateisute the convergenst toward oo high a
value o the centraction ol the valenee Tuneioos.
Comparirg the roswles obzined  esing e oo-
p¥ I H- 3% and the funcontractad) oo pWIA- sl
hasis scts suppaets this The ercrey is 0.08 mhariec
mote negaltve when comciesion: using the -suf
basiz set. The LTS compuled [tom  Lhis
(enerretically) bemer wave Tinetan 35 onle 1%
higher than the referance value, bot the HECL
cumpuled wilh lhe -58 basis sel is 2% wo high, The
ce- pwWTE- an Taxis osols Dehewe  suniily:
Ineraasing the nurizer of tight 3 funcdong mergases
the compured FIFCC: at dhy el 8+ with the coe
pWTIF- s Bwrsiy sels, e sequance et HEOOs
converges to o valuz mgher than the raleveree, e
diferenees berween % AL of T and IF Tor e
pY T and co- pWT7ean s about 1.55%. The co-
log- L basis sets  soow beler accuracy. The
vt lotl HREOCs wory belwesn D90F amed 100,385
of chie referencs vahee, and better valence basis sets
l22d 7o imgraved results. As owith tae aug- co-
pYOZ-s5 basis sed, LlTose Duwtions Jecrease e
connpubed  soin densily, Dal the cllect s much
staaller i ke WRs-gu o basi: ses CLhis lends
additicnsl suppert tothe conclusion ther contracting
thie walenez part ol e hvdeopen hasis sets s
Ladesirablz,

Hd-

1o Hy', eleclon emelaion has o be
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AL L Tebkle 1) cooverge towad e reference
values, bul he spin densiess show deviations
batween 1Y and -6%, Ihe o p¥ A2 e o basis
=tz irpmeove both eperpies and INWPCCs The
e e TTRCCs e ar e 0.4%% lonear than the
reference waluz and improve wish large:s valenoe
batgin Aois BiTmse Tanetions reduzs the caleulee:d
HFCOs sligktly. Hy'- as taree clectrons; Lherelare,
CORE 1R ol egual ter full CL Fnﬁi‘]* |1, _1| sepoted
that Leiple sxcitations e impertant in BROHE-
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Table (4} [nNuence of Rasis Sets at Meipliboring Atoms: Perventage of e Reference [sotropic 1B at
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expanzizs @5 LG, with 2U rphter and 5 more
ditfuse Fanctions, 'The Tirst step i5 craating 4 set ol
Memelime ol Use bydeoeet atom. As & fisst oy, we
crealed e horoe D100 hasis sets. As seen in
Tekle G, kev give exeelient resulls. A demparison
siows  that adding estremely Tigno  fineccons
imereves wr (EFCC Tl ot the energy, Adding
exremely JiMes Nadiens brproves the energy
aul has no effzer en tho coupling corslet, We
crudely  optimized the expenrmls ol sewen-
neimtered hannonis hasis s2ls with faclo of 2 and
3 by molapleing by sxpoeenis with the respective
lactas to the power of 34 or 34, Booause he
omlia base exponet for the factor of 2 hasis zet
wes fovd 1o ke 0949, we did oet create o basis sot
o il Swl aepl the Tanas (2= <100 Lasis scts. The
epimal base exporens for the facdor ol 3 by st
was focad to be 2,50, Lhe fustor of 3 basis sub wue
cxpanded by oadding tighter and more dilfuse
faneliors s Bt ciler a di.Tllre fuaction or & granp
of tight Tunzlions resully i a sirmilar ene-py pair.
labie 0 sows thal fie s230- 108 enerpy 5 vory
o] batk not as close o perteclion E:I"II"T'L-'."' as the

hane- 2= 5" 00 basis sews. The calculated isotropic
G = vere vood. A comparison beiweel he
laree harr- 7 fuis svts sliows bal calrenely tight

functens are necesiary w achieve high avcuravy in

the eFIFCCL Tae siecme

34 209 basis s:ts e oot
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LLs. ‘T'o keeq the gize minercable, wo augment the
harr- 13-20U-3-3 basiz 3ot and will Tawr add the
toh: & f‘.ln::lium for BSR culeulaioas, Flost, two p
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cil As can b seen from Lable 7, the largest herm-
3 basds sen is nescly as o as anpecoerp¥id, Per
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