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Molecules in static electric fields: Linear and nonlinear polarizability of HC=N and HC=P
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Accurate linear and nonlinear polarizabilities were obtained from finite-field self-consistent field, fourth-
order many-body perturbation theory and coupled-cluster calculations for the triply bonded linear molecules
H—C=N and H—C=P. The mean dipole polarizability and the anisotropy of HCN at the QCg5Rvel of
theory isa=16.74 andA a=8.3%%a3E,,*. For HCP the respective values are 35.47 and 16%24E,".
Electron correlation reduces significantly the magnitude of the first dipole hyperpolarizasility ) of both
molecules. The CCSD) values of the meaB are[self-consistent-fieldSCP values in parenthesgs-2.8
(—7.6) for HCN and 28.536.7) e3agE,]2 for HCP. Electron correlation modifies mainly the longitudinal
component of the second hyperpolarizability tenggg, s for both HCN and HCP. The CCSID) mean value
for HCN is y=22.0x 1(?, 17.4% higher than the SCF value of 18.80%e*a3E,;®. For HCPy=10.2< 1C° at
the CCSIIT) level, only 2.2% above the SCF result of 98.80e*a EH3 For the quadrupole polarizability,
fourth-order many-body perturbation theory yiel@s,,,=68.58,C,, «,=40.51,C,y xx= 34.98e2a§)‘E,]l for
HCN, andC,,,,—202.28,C,,,,= 114.44,C,, ,,= 106.38€?agE,"* for HCP, with z as the molecular axis.
[S1050-294{@8)01804-9

PACS numbeps): 31.15-p, 33.15-¢

I. INTRODUCTION the dipole polarizability &,s). The nonlinear polarizability
(Bapy @ndy,gys) of HCN is known only at the SCF level of
Experimental information on the electric properties of theory while for HCP only the first dipole hyperpolarizability
HCN and HCP is limited mostly to measurements of theis known. The SCF study of this property by Bloor and Yu
dipole and quadrupole momefit—6]. Spackmar{7] refer-  [11] showed that its values are strongly basis-set dependent.
ences a static value for the mean dipole polarizability oflt would be interesting to obtain accurate estimates of the
HCN obtained from the refractive index dispersion data ofelectron correlation effects on the nonlinear polarizability of
Watson and Ramaswani@]. The available theoretical de- these systems, the smallest neutral molecules with a triple
terminations of the electric polarizability of HCN and HCP C=N or C=P bond. Our computational endeavors rely on
are mainly self-consistent-fiekBCPH efforts[9-12). To our  fourth-order Mdler-Plesset perturbation theorfMP4),
knowledge, electron correlation effects have only been takefingle and double excitatig€CSD), and single, double, and

into account for the dipole polarizability of HCN.3—-15. perturbative triple excitationfCCSOT)] coupled-cluster
In a previous paperl6] we reported accurate values for methods.
the dipole(w), quadrupolg®), octopole({)), and hexadeca- We use atomic units throughout this paper except when

pole (®) moment of both molecules. In this paper we presenteferring to experimental molecular geometries where we re-
a detailed study of the linear and nonlinear polarizability,tain the units of the original papers. Conversion factors to
molecular properties of importance for nonlinear opticsSystene International units have been given elsewtiags.
[17,18, electron scattering19], and the interpretation of

various phenomgna indu_ced by intermo_lepular interactions Il. THEORY

[20]. They also find use in models predicting the structure

and properties of weakly bonded van der Waals molecules The energy of an uncharged molecule perturbed by a
[21,22. It is worth noticing that in recent years the theoret-weak, general electric field can be written[84,35

ical determination of electric molecular hyperpolarizabilities

has made significant contributions to the above-mentioned

fields by providing reliable values to be used in specific apE=E~ 1toF o= 30 agF ap— 15QapyF apy— 105PapyoF asyo
plications[23—27. Lucid expositions of the success of quan-

tum chemical methods and the directions of current research  + -+ — 3 a,gF oF 5= 5A4 5,F oF 5= §Cup.ysF apF ys
have appeared in various comprehensive reviggs-37.
We are interested in determining very accurate values for  —xE, 5,sF oF g5t " = § Bap,F oF sF

_%Baﬁ,y5FaFﬁF75+"'_iyaﬁyﬁFaFBFyFﬁ—’—'” '
*Permanent address: Department of Chemistry, University of
Patras, GR-26500 Patras, Greece. (1)
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whereF ,, F,z, etc. are the field, field gradient, etc. at the MP2=SCF+D2

origin. E%, u,, O,5, Qup,, and® 4. s are the energy and

the dipole, quadrupole, octopole, and hexadecapole moment MP3=MP2+D3

of the free molecule. The second-, third-, and fourth-order

properties are the dipole polarizabilitya(s), the first DQ—MP4=MP3+D4+QR4=MP3+DQ4 (4)
(Bap,) and second {,g4,5) dipole hyperpolarizability, the

dipole-quadrupole polarizabilityA,, z,), the quadrupole po- SDQ-MP4=DQ—-MP4+54

larizability (C,g,,s), the dipole-octopole polarizability

(Eq.pys), and the dipole-dipole-quadrupole hyperpolariz- MP4=SDQ—-MP4+T4=SCH-D2+D3+S4
ability (B,g,,5)- The subscripts denote Cartesian compo-

nents and a repeated subscript implies summation xqver +D4+T4+Q4+R4,

and z. There is only one independent component for thewhere D2 and D3 are the second- and third-order corrections,

electric multipole moment tensors of linear molecule, so o
hereafter we drop the subscript and wijte ©, Q, and ®. the foqrth—order terms_ S4, D4, T4, and Q4 are pontrlbutlons
rom single, double, triple, and quadruple substitutions from

) f

The number of independent components needed to descri ; :
the polarizability tensors depends on the molecular symmel%-ﬁe refer_enc_e, zeroth-order wave function, and R4 is the
renormalization term. For the coupled-cluster methods

try [34].
The SCF and correlated values of the dipole propejties CCSD=SCH-ACCSD,
@ups Bapy, @Ndy,g,s Were extracted from the energy of ®
the molecule perturbed by a homogeneous electric field. In CCSIT)=CCSD+T.
such a field Eq(1) reduces to By virtue of Eq.(1) we adopt for all properties expansions
similar to those of Eqs4) and (5).
E=E°— uoFa—2augFaF s §BapFaFsF, lll. BASIS SET CONSTRUCTION

_2_1417aﬁy5FaFﬁFyF§+"' . (2) A. HCN
Three basis sets were used for the calculations on HCN:

The relevant formulas for the calculation of the independent (i) N1, primitive set (2p1d/11s7p4d1f/11s7p4dif )
components can be found elsewhg88]. For the calculation contracted to[4s2pld/6s4p4d1f/6s4p4dlf] with six-

of the quadrupole polarizabilit€ 5 , s we use arrays of stra- memberedd-GTF and ten-memberedGTF, 6d/10f, in to-
tegically placed, distant point charges that produce a weakal 120 contracted Gaussian-type functi¢GsrF).

quadrupolar electric field36,37. We have also obtained (i) N2, (6s3p2d/11s7p4d2f/11s7p4d2f )/[4s3p2d/
SCF values for the remaining polarizabilities from the in-6s4p4d2 f/6s4p4d2 f], 5d/7f, 127 CGTF.

duced multipole momen{s38,39. (iii ) N3, (9s5p2d/15s10p5d3f/15s10p5d3f )/

In addition to the Cartesian components, we calculat¢ 9s5p2d/10s7p5d3f/10s7p5d3f], 5d/7f, 188 CGTF. N1
mean values and anisotropies for the dipole polarizabilitiesand N2 were built upon a DZ substrd#7] of (4s)[2s] on
@upy Bapy, and y,g,s and mean values fo€,z s and  H and (%5p)[4s2p] on either C or N. The initial DZ sub-
B.,sys- These are defined as strate was augmented [ds/6s4p/6s4p] by adding diffuse

GTF with exponents forming a geometric progression with
— the two most diffuse ones in the original set. In a next step,
a=(a,,+2a4)/3, polarization functions were added on all atoms. First, one
tight p-GTF on H and one tighd-GTF on C and N with
exponents chosen to minimize the energy of the free mol-
ecule. Second, one diffuse-GTF on H and one diffuse
o d-GTF on C and N with exponents chosen to maximize the
B=32(Brss+2Brx0) mean dipole polarizability. To complete the construction of
) N1, twod-GTF were added on C and N, plus oth&sTF on
. H and onef-GTF on C and N. The exponents of the latter are
Y= (Y2227 8 VaxxxT 12¥xx22/15, equal to the most diffusépolarizability optimized p- or
d-GTF. More polarization functions were added, even-
— temperedly, to complete the construction of N1. Thus, the
C=(Czz27+8CxzxzT 8Cyx xx)/10, polarization functions for N1 are the following: for H,
p=0.8882, 0.1795 andi=0.1795; for C,d=1.731 353,
— 0.7063, 0.1162, 0.019 191 arid=0.1162; for N,d=2.128
B=15(Bzz207 4Byaxat Bux 2zt 4B - 064, 0.8085, 0.1167, 0.016 845 afie-0.1167. N2 is ob-
tained from N1 by adding: on H,p=0.036 276,

We refer to other authors for a presentation of electrord=0.036 276; on Cf=0.7036; on N,f=0.8085.
correlation methods used in this padd0—-46. We give The construction of N3 follows the same path. The sub-
only the definitions for the various levels of theory. The en-strate is an uncontracted set sj7 [48] for H and
ergy for the nth-order Mbler-Plesset perturbation theory, (13s8p)[8s5p] [49] for either C or N. We give directly the
MPn, is defined as polarization functions that complete the construction of N3:
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H: p=2.38199, 1.030 25, 0.4456, 0.192 73, 0.036 05 @hd0.192 73, 0.036 05.
C: d=2.0900, 0.841 05, 0.338 45, 0.1362, 0.022 06 4dnrd0.338 45, 0.1362, 0.022 06.

N: d=1.78156, 0.750 25, 0.319 54, 0.133 05, 0.023 60 &md.319 54, 0.133 05, 0.023 60.

B. HCP
The basis set used for the calculations on HCP are

P1, (6s2pld/11s7p4di1f/13s9p4dif )[4s2pld/6s4pd4dlf/8s6pd4dlf], 6d/10f, 128 CGTF.
P2, (6s3pld/11s7p4d2f/13s9p4d2f )[4s3p2d/6s4p4d2f/8s6p4d2f], 5d/7f, 135 CGTF.

P3, (9s5p2d/15s10p5d3f/19s14p7d3f )[9s5p2d/10s7p5d3f/14s11p7d3f], 5d/7f, 214 CGTF.

The substrates used are as above for H and C and for$7 f)[16s4p] [50] for P1 and P2 and (512p)[12s9p] [48] for P3.
The polarization functions on P1 are as follows:

H: p=1.0280, 0.1585 andl=0.1585;
C: d=1.004 789, 0.4390, 0.0838, 0.015 996 afd0.0838;

P: d=1.274 266, 0.5178, 0.0855, 0.014 118 afhd0.0855.

In addition to P1, P2 hag=0.0244 38,d=0.0244 38 on Hf=0.4390 on C, and=0.5178 on P.
Last, the polarization functions on P3 are as follows:

H: p=2.532 41, 0.997 92, 0.393 24, 0.154 96, 0.024 06 d@Rd0.154 96, 0.024 06,
C: d=1.644 67, 0.605 18, 0.222 68, 0.081 94, 0.01109 &rd.222 68, 0.081 94, 0.011 09,
P: d=3.036 18, 1.234 75, 0.502 15, 0.204 21, 0.083 05, 0.013 74, 0.002 27 and

f=0.204 21, 0.08305, 0.01374.

In our previous work on the electric moments of HCN and[51] and Rey=1.0692 A andRqp=1.5398 A for HCP[52].
HCP we used even larger versions of basis sets N2 and PZhe molecule is always on theaxis with the center of mass
Details of their construction may be found thergirg]. at the origin and the H along the positive part of the axis.

The GAUSSIAN 86 and GAUSSIAN 92 set of program$53] was

used in all calculations.
IV. COMPUTATIONAL DETAILS

The magnitude of the homogeneous electric field used in
the correlated calculations of the dipole polarizability and
hyperpolarizability isF=0.00%a; 'Ey. In the SCF cal- SCF results are shown in Table I. Electron correlation
culations with N3 and P3 an even weaker field ofcorrections for HCN(basis N2 and HCP (basis P2 are
O.OOIb*laglEH was used. We used strategically placed dis-given in Tables Il and Ill, respectively. The linear and non-
tant point charges to generate a weak quadrupolar field fdinear dipole polarizabilities are compared to the findings of
the quadrupole polarizability calculations. For HCN, placingother authors in Table IV.
charges 0f-3200,100,100,3200¢€ at —200,-100,100,200
ag on the z axis produces a weak field withg/R?|
=0.000b‘1a52EH . For HCP the same charges are placed A. SCF
at —400, —200, 200, and 408, producing an even weaker  The electric multipole moments in Table | have already
field of 0.000 012% 'a, °E,. been published elsewhefé&6]. They are included here to

All calculations pertain to the experimental geometry, de-allow a complete comparison of the performance of the basis
fined asRcy=1.06549 A andRc\=1.15321 A for HCN  sets used in this work.

V. RESULTS AND DISCUSSION
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TABLE I. SCF resultqz is the molecular axis, with H on the positive direction and the center of mass at
the origin. ©, Q, ®, A, 5, Cup s+ Eagys aNdB,g 5, are relative to the center of mass. Numbers in
brackets are powers of ten, i.e., 1@Pis 16.2< 10?. All values are in atomic units.

Propert§ HCNP HCN® HCN® HCP® HCP HCP

w 1.2987 1.2983 1.2962 0.1483 0.1450 0.1421
0 2.0981 2.0563 2.1046 3.8912 3.8268 3.8786
Q 10.120 10.126 10.088 19.652 19.648 19.633
@ 23.26 23.13 24.23 65.75 64.20 65.89
ay, 22.46 22.46 22.47 47.97 48.08 48.02
gy 13.79 13.79 13.88 30.97 30.95 31.12
a 16.68 16.68 16.74 36.64 36.66 36.75
Aa 8.67 8.67 8.59 17.00 17.13 16.90
Bazz -6.9 —-6.6 -6.3 45.0 45.6 45.8
Baxx -2.8 -3.0 -3.0 8.8 7.8 9.1

B -75 -7.6 -7.4 37.6 36.7 38.4
Y2222 16.42] 16.42] 16.42] 73.42] 74.42] 72.42]
Yasxx 19.42] 19.92] 20.42] 10.43] 11.43] 11.43]
Vyxzz 60.01] 61.41] 62.41] 32.12] 32.42] 33.42]

Y 18.92] 18.92] 19.12] 98.712] 99.42] 10.43]
A, 11.05 11.11 10.93 54.74 54.71 54.46
Ay ox 1.98 2.02 1.93 7.28 7.57 7.03
Crrzz 63.53 63.51 63.43 202.22 202.77 202.42
Cyoxz 36.71 36.93 37.10 115.79 115.42 116.97
Crxxx 33.82 34.15 34.21 113.49 113.90 115.25
C 62.78 63.21 63.39 203.65 203.73 206.02
Eszee 85.14 84.37 83.95 231.7 238.4 231.8

Ex xxx —26.97 —26.95 —-27.35 —69.0 —67.2 -70.2

Bszz —-326 —326 -323 -1083 —-1117 —1090

Brzxz —206 -210 -210 —867 —-870 -880

Bix.22 166 169 167 745 751 746

B xx - 266 -271 —266 —1155 -1178 —-1175

B -273 -277 -275 1124 —-1141 —-1142

&The values ofu, ©, Q, ® are from Maroulis and Pouchda6)].
bBasis set NJ4s2pld/6s4p4dlf/6s4padlf], 6d/10f, 120 CGTF.
°N2 [4s3p2d/6s4p4d2 f/6s4p4d2 f], 5d/7f, 127 CGTF.

IN3 [9s5p2d/10s7p5d3/10s7p5d3f], 5d/7f, 188 CGTF.
€P1[4s2p1d/6s4p4d1f/8s6p4dif], 6d/10f, 128 CGTF.
'P2[4s3p2d/6s4pad2 f/8s6p4d2 f], 5d/7f, 135 CGTF.
9P3[9s5p2d/10s7p5d3f/14s11p7d3f], 5d/7f, 214 CGTF.

The stability of the obtained values is very satisfactory,esting study, Jameson and Fowlef9] used a
for both systems. For the dipole polarizability agreement i§5s4p2d1f/3s2p] basis set to obtaine,,=—22.389 and
better than 1% in all cases. The large basis sets, N3 and Pg, =13.736 eZaSEgl, B,,~6.386 and B,,,=—3.434
yield a slightly less anisotropic picture ef, 5. For the first  e333g-2 1533 4  =1840 and v,,,,~564

. . - . 0=H
7 second e POy i vales obanediie. o e apoe oty and gt

the presumably more accurate N3,P3 results. The first dipol'%/' 3 T_hley also obtainedA;;,=10.96 and A, ;x=1.90
hyperpolarizability changes sign from HCN to HGB4]. € 20En - BZZZSZ:“_%Q' Byzxz= 204, Byxz,=162, and
Agreement is equally satisfactory for the other polarizabil-Bxxxx=—263€"aE, . Our values are in very good agree-
ities. Thus, we can claim uniform quality for the basis setsment with the aforementioned, although our hyperpolariz-
N2 and P2, which are subsequently used in electron correlability values are systematically slightly different from
tion correction calculations. theirs. This may be safely attributed to the fact that our basis
Previous theoretical efforts have produced SCF values fogets contain more diffuse and polarization functions. Dyk-
various HCN properties included in this effort. In their inter- stra’s work, derivative Hartree-FodPOHF) theory, has pro-
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TABLE II. Electron correlation corrections to the dipole and quadrupole properties of KT two
innermost, occupied orbitals and the two highest, virtual orbitals were kept frozen in all calcujdBasss.
set N2 [4s3p2d/6s4p4d2f/6s4p4d2f]. Numbers in brackets are powers of ten, i.e., [#.2is

16.2x 1C%. All values are in atomic units.

Property ~ SCF MP2 MP3  DQ-MP4 SDQ-MP4 MP4  CCSD  CCSP(
" 1.2983 11912  1.2010  1.2009 11989 11801  1.1966  1.1805
0 20560 15990 17511 17005  1.6751  1.6208

az, 2246  21.87 22.00 21.91 22.09 22.42 22.07 22.32
A 13.79  13.92 13.81 13.70 13.72 13.96 13.77 13.95
a 16.68  16.57 16.54 16.44 16.51 16.78 16.53 16.74
Aa 8.67 7.95 8.20 8.22 8.37 8.46 8.30 8.38
Bazz -6.6 02  -14 -0.4 -4.0 -76 -31 -54
Boxx -3.0 11 -07 0.3 0.3 0.0 0.5 0.4

B -76 14 -17 0.1 -2.0 -45 -13 -2.38
Yaz22 16.42] 23.92] 2042] 2042] 2242 2442] 2332] 25.42]
Yeoxx 19.92] 2092] 1992] 18.92] 19.42] 21.42] 19.12]  21.32]
Yexzz 61.41] 72.941] 6591] 6341 6531  73.91] 67.q1  72.41]

2 18.42] 21721 20.42] 19.32] 19.42] 22.42] 2052] 22.42]
Crrzz 63.51  68.68 66.07 66.68 67.14 68.58

Czxz 36.93  40.73 38.86 39.09 39.43 40.51

Croxnx 3415  34.81 34.16 34.09 34.27 34.98

C 63.21  67.30 65.02 65.21 65.68 67.25

TABLE lIl. Electron correlation corrections to the dipole and quadrupole properties of KIGR. six
innermost, occupied orbitals and the six highest, virtual orbitals were kept frozen in all calcujaBass
set P2 [4s3p2d/6s4p4d2f/8s6p4d2f]. Numbers in brackets are powers of ten, i.e., [&.2is

74.2< 1. All values are in atomic units.

Property  SCF MP2 MP3  DQ-MP4 SDQ-MP4 MP4  CCSD CCSP(
u 0.1450  0.1792  0.1252  0.1288 0.1469 0.1868 0.1390  0.1577
0 3.8268  3.1656  3.3493  3.3056 3.2853 3.2089

a,, 48.08 45.93 46.14 46.00 46.33 46.78  46.06 46.30
Qe 30.95 30.29 30.11 29.86 29.85 30.16  29.87 30.05
@ 36.66 35.50 35.45 35.24 35.34 3570  35.27 35.47
Aa 17.13 15.64 16.03 16.14 16.49 16.62  16.19 16.24
Bz 45.6 6.0 23.7 22.1 29.5 28.9 22.7 21.8
Brx 7.8 11.0 10.3 10.6 12.6 15.4 11.2 12.9

B 36.7 16.8 26.5 26.0 32.8 35.8 27.1 28.5
S 74.42] 94.32] 91.712] 88.42] 8842] 95.12] 86.42] 91.42]
. 11.q3] 11.3] 11.43] 10.§3] 10.§3] 11.43] 10.43] 10.43]
Yaxzz 32.42] 3542] 37.2] 3492] 3492] 3872] 32.2] 33.92]

y 99.92] 10.43] 10.43] 10.43]  10.43]  11.43] 97.32] 10.93]
Crrrs 202.77  202.01 19851  198.35 199.38 202.28

Cuzxz 115.42 11536  113.30  112.41 112.68 114.44

Cuxoxx 113.90  104.77  105.66  104.99 106.08 106.38

C 203.73 19631  195.02  193.75 194.94 196.88
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TABLE IV. Comparison of theoretical and experimental results for the electric properties of HCN and

HCP.
Method w a Aa ) y
HCN
SCP 1.2966 16.620 8.653 —7.952 1740
SCP 1.328 16.333 9.455
MP2® 1.163 16.109 8.407
SCF 1.291 16.656 8.852
CCSDT-14 1.171 16.745 8.850
ScH 1.2950 16.754 8.610 —6.85 181.6
SCF 1.2962 16.7404 8.5892 -74 19.1x 102
SCE 1.2983 16.6800 8.6733 -76 18.8<10?
ccsp(r)f 1.1805 16.7388 8.3776 -2.8 22.0< 102
Experiment 1.1740.00% 16.74
1.18
1.187+0.001
HCP
SCK 36.70 16.92 38.66
SCHE 0.1421 36.75 16.90 38.4 10¢210°
SCH" 0.1450 36.66 17.13 36.7 99a ¢
ccspm™ 0.1577 35.47 16.24 28.5 102L0°
Experiment 0.1530.002

aJameson and Fowler, basis §862p/5s4p2d1f/5s4p2d1f] [9].
bSpackman, basis set 6-316§d+sp) [7].

‘Fowler and Diercksen, basis §&s2p/5s3p2d/5s3p2d] [14].
dStzhelin et al.[3+1s2+1pl+1d]+2slpld on H,[4+ 1s3+1p2+1d1+1f]+2s2pldlf on C and N
[12].

®Present investigation, basis set N9s5p2d/10s7p5d3f/10s7p5d3f].
fPresent investigation, basis set N2s3p2d/6s4p4d2 f/6s4p4d2 f].
9Bhattacharya and Gord].

PTyler and Sheridaf2].

iDeLeon and Muentel6].

IReferenced by Spackmdi].

kBloor and Yu, basis set TZ, 6D, 4P2D 122 CG[R].

'Present investigation, basis set P8s5p2d/10s7p5d3f/14s11p7d3f].
MPresent investigation, basis set P2s3p2d/6s4p4d2f/8s6p4d2f].
"Tyler [3].

vided valuable information about the dipole and quadrupoles, = —2.89€%a3E, %, v,,,7= 1641, yyxx= 2061 andyyy,,
polarizability for an important collection of molecular sys- =629 e*ajE>. Our Bap, Values are somewhat different
tems[10,55. As he uses unabridged tensors, we have confrom theirs, but it should be mentioned that their results per-
verted his values to conform to Buckingham’s conventionstain to a slightly different molecular geometry. If this differ-
Thus, his ELP basis set gives,,=22.40 anda,,=13.75  ence is taken into consideration, agreement between our re-
e?alEq’, A,,,=11.06 andA,,=1.70 e?ajE,", C,,,, sults and theirs is quite good. We mention also that our
=62.92, C,,,=35.94 andC,, ,,=26.80 e?ajE,", B,,,, values are in very good agreement with the SCF valugs
=—=317, By,x,=—203, Byy,,=160 and By, ,=—221 =22.52 andx,,= 13.79e2aSE,]l reported recently by Gray-
eajE, 2. The absence ai-GTF on H andf-GTF on C and  son and Rayneg56].

N in the ELP basis set should account for the difference In sharp contrast to HCN, HCP has attracted much less
between his and our values for eith@g, . Or B,y xx. Last,  attention. The careful study of Bloor and Ya1] showed

we mention the results obtained by B¢éinet al.[12] witha  that the SCF values of,; and 8,4, calculated with stan-
basis set consisting ¢3+1s2+1pl+1d]+(2slpld) on  dard basis sets display strong basis set dependence. The larg-
Hand[4+1s3+1p2+1d1+1f]+(2s2pldlf ) on Cand est basis set used in their study, built upon a B95sub-

N, a,,=22.494 anda,,=13.884e’a3E,,*, B,,~5.63 and strate and consisting of 132 CGTF, gives,=47.95 and
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ay,=31.14 ezagEgl, Bz,7~=45.46 and B,=10.69 correlation has a small effect on both componenta gf. In
ea3E,,. Given the small difference in the molecular geom- contrast tOt thj changes Obser\/'?ddforTTWCN,tthth Cartg_sialn
; i : components decrease in magnitude. Thus the mean dipole
etry, our values are in good agreement with theirs. bolarizability at the GCSON Ievel is 3.2% lower than the.
_ _ SCF values. The change for the anisotropy is slightly more
B. Electron correlation corrections important, as the CCSD) value of 16.24 is 5.2% lower than
Accurate . and © values for HCN and HCP, calculated the SCF one of 17.18%a3E,;*. The first and second dipole
with basis sets larger than N2 and P2, have been reportdtyperpolarizability display the same pattern as in the case of
previously[16]. We include the correlated values in Tables Il HCN. The longitudinal components are the most affected.
and 11l for the sake of completeness. The sign of the correction foy,, and yy«xx is Negative.
HCN. The CCSIT) value of = 1.180%a, is very close  11Us, in total, the change foy is small as the CCSO)
to our previous one of 1.186@,. Equally close is the agree- Value is 10;1%410?;3 only 2.2% higher than the SCF result of
ment of the® values. The MP4 value of 1.6268,> com- 99.8<10% e "",OEH : C%ZZZ andCy; are Iess_ affected than
pares quite well with the 1.62323 reported elsewher6]. Cux.xx Yy the mtrodgctlon of elzeciltro_n1 correlation effects. The
Electron correlation has a small effect on the dipole po-MP4 value OfCyy i }106_'1386 aoEy ", 6.6% lower than the
larizability. Our final CCSIT) values for the Cartesian com- SCF one of 113.9&%agE;*. This results in a MP4 value of
ponents ofa,, are very close to the respective SCF valuesC=196.88 e’ajEy ", a reduction of 3.4% of the 203.73
The longitudinal component decreases slightly while thet—:-zagE,]1 obtained at the SCF level. We are not aware of any
transversal one increases. Consequently, the QCBEalue  previous correlated values for this molecule.
of 16.74%a3E,,* is only 0.4% higher than the SCF value.
The CCSOT) anisotropy is 8.38%a2E,* or 3.3% lower C. Comparison with experiment
than the SCF result. The MP series displays satisfactory con-
vergence, as evidenced by the closeness of the SDQMPa%e in good agreement with the available experimental data,
values to the CCSD ones and the MP4 to CCBDThe ., thge nota%le exception of the quadrupgle moment of
hyperpolarlzf’iblllty is clearly more affected,_wn_h the MP Se- eN. This has been discussed elsewhgi®] (see Table
ries converging slowly. The extreme behavior is exemplified
by the MP2 results, which differ drastically from the other " tpo o1y reliable experimental polarizability value is the

levels of theory. The CCSD) mean B is significantly  static mean dipole polarizability of HCN8,57], 16.74
smaller in magnitude than the SCF one. The changes are legg,2e1 This value pertains to the ground vibrational state.
drastic in the case 0f,g,s. The MP series converges in a \ye have not taken into account vibrational effects in this
satisfactory way. The CCSD) results show that electron ftudy. Our CCSDT) result of 16.74e2a§E,]1 should be a

correlation does not affect isotropically the components of__. . . i
the second dipole hyperpolarizability. The CQ$Dvalues rﬁjﬁbéigﬁlgﬁyfor this property at the experimental equilib

are ¥,,,725.0< 107, Yyyp= 72.2<10%, and yyyu=21.1
X 10% e*agE,,?; that is, 54.3, 17.6, and 6.0% higher than the
respective SCF values. Consequently, electron correlation
changes the meas by 17.0%. ForC,; ,s the changes are We have obtained a reference, near Hartree-Fock values
similar. The most affected component@,,,. The other for the polarizabilities of the triply bonded linear molecules
components change slightly. The final MP4 value @is  HCN and HCP. We have calculated CCSI values for
67.25, 6.4% higher than the SCF result of 63e2ajE,, . linear and nonlinear polarizability. In addition we have cal-
Previous correlated calculations for the dipole polarizabil-culated MP4 values for the quadrupole polarizability of both
ity or hyperpolarizability are limited ta, ;. Spackmar7] systems. To our knowledge, with the_ exception of the dipole
obtained MP2 values af=16.109 andAa=8.4O7e2a§Egl polarizability (_)f HCN, these are the _flrst correlated values of
with a 6-315(+sd+sp) basis set. Fowler and Diercksen these_ properties to appear in thg Iltgr_ature. The (_:alculated,
[14] reported coupled cluster values af=16.745 andA« V|2br§1tl9?less, mean dipole polarizability of HCN IS }?-74
—8.850e%a2E, * calculated with 43s2p/5s3p2d/5s3p2d] € @oEr ., close to the experimental value of 16 8%gE,,
basis. We mention also two partial efforts, a PE-MGpir- obtained from _refractlve llnde'>_< dispersion .data. The
excited multiconfigurational SOF13] of a=15.80e%a2E,:  CCSDT) mean dipole polarizability and the anisotropy re-
calculated with a TZ 2P basis set and the CASSCgom-  Ported here for HCP@=35.47 andAa=16.24 e"agEy ",
plete active space multiconfigurational SGES] Aa=8.14 should be_the only accurate dipole polgrlzablhty data avail-
ezagEgl obtained with a[5s3p1d/8s7p3d1f/8s7p3d1f] able for this molecgle. Electron cor_rela’qpn has a very st.rong
basis. Our values are in fair agreement with all of the above?ffeCt on thg first dipole hyperpolarizability. It affects mainly
HCP The present CCS) value of the dipole moment is € longitudinal component 0f .-
0.1577ea,, lower than that previously publish¢d6]. The
difference is rather small in absolute terms but shows that
even if the dipole moment is small in magnitude electron G.M. is happy to acknowledge the warm and generous
correlation effects are strongly basis set dependent. Similarospitality of the Laboratoire de Chimie Structurale, Univer-
behavior has been detected in CO, another system with site de Pau et des Pays de I'Adour. The support of the De-
small dipole momenit33]. The MP4 value of the quadrupole partment of Mathematics of the University of the Aegean at
moment agrees quite well with the earlier result. ElectronKarlovassi is also gratefully acknowledged.

The values ofu and® for HCN and HCP reported here
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