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Dielectric and optical properties of pure liquids by means ofab initio reaction field theory
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A general Onsager-type reaction field theory approach for simulating dielectric and optical properties is
proposed, thereby giving a unified description for both macroscopic and microscopic properties of pure liquids.
A demonstration is given foab initio computations of the refractive index, the density fluctuation of the
refractive index, and the local field factors of benzene and acetonitrile in the liquid phase, showing good
agreement with available experimental dd&1063-651X98)06904-9

PACS numbd(s): 41.20.Bt

I. INTRODUCTION Il. THE CLASSICAL CONTINUUM APPROACH

The classical continuum approach describes the depen-

In order to understand the microscopic origin of materialdence of the macroscopic properties of a dense medium on
bulk properties, it is necessary to interpret them in terms ofmolecular quantities, such as the dipole momenand the
molecular properties. Within the framework of a solvent con-polarizability . This theory is well established as described,
tinuum model, the macroscopic and microscopic propertiefor instance, in the books by Beher[1,15]. In this section,
are connected through the concept of local fidttls which ~ We yvill only recap'itulate_the necessary elements for intro-
is based on the fact that individual molecules are not polarducing the properties of interest.
ized by the external Maxwell electric field but by a local field
that is a superposition of the Maxwell field and the field A. Static properties
produced by the surrounding medium. Using a spherical cav-
ity model, Onsagef2] and Bdtcher[1,3] divided the local
field into a cavity field, depending only on the solvent dielec-
tric constant, and a reaction field, depending on the cavit
radius and the solute molecular properties. The choice o

According to Bdtcher[1], a general connection between

macroscopic quantities, in terms of the dielectric constant,
and microscopic quantities, in terms of molecular properties
f the pure liquid in a continuum model, should be given as

cavity radius has so far been somewhat arbitrary; the most(e0—1)(2¢%+ 1) 47N 1 w?
commonly used is based on the Onsager approximation; 30 T1_¢ (@)a \ao+3Trm :
which relates the cavity radius to the solvent density. 0 0 0 0 (1)

The solute molecular properties can be calculated at the
guantum level using various self-consistent reaction field _ )
models[4—13 employing different cavity shapes—spherical HereN denotes the number of particles per unit volume that
[4-9,11,12, ellipsoidal[4,10], or a more irregular shape de- ¢&n be computed froN=dN,/M, whereM is the molecu-
fined by a set of overlapping spherical atoms having thd®" Weight of the substangep the density, andN,
appropriate van der Waals radii3]. Irrespective of cavity Avogadrt_)s number. Furthera is the statlc_dlel_e_ctr!c con-
shape, the models so far have all involved one or more cavitgam’ao Is averaged static molec_:ular polarizabilify,is the
size parameters, determined on the grounds of physical int lipole moment of the moleculd, is the temperat_ure, arid
ition, and different choices for the cavity radius can therefore> the_BoItzmann constant. The static reaction field fajor
be found in the literature. Recently, we have presented g defined ag1]
method based on the combined use of the classical con-
tinuum approach and modern quantum chemistry reaction 1 2(°—1)
field theory, for determining the Onsager spherical cavity fo(a)=—30— 2
radius of pure liquid§14]. This method provides a unique a’ 2e+1
value for the radius of the cavity for each electronic structure
model. In this paper, we show that this method not onlyin the dipole approximation, introducing the cavity radiaus
enables an accurate determination of the solute molecular For nonpolar dielectrics, the dipole momeatis zero,
properties but also lets us determine the local fields, aneherefore, Eq(1) reduces to the so-called OnsagertBhber
thereby the macroscopic properties of pure liquids at one anexpression
the same theoretical level. As a demonstration, calculations
of the refractive index, density fluctuation of the refractive
index, and local field factors 03:‘ liquid benzene and acetoni- (- 1)(26°+1) __AmNag
trile are presented. 3¢e° 1-fo(@ag

()
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It can be seen that the value chosen for the cavity ragjus tal observable. From Eq7) and the expression for the num-
which is unknown up to this point, influences the resultsber of particles per unit volume, a general formula for
through the reaction field factor. Using the Onsager approxidnf,/dd can be obtained,

mation for the cavity radius
4
—;NézL (4)

Eq. (3) reduces to the Clausius-Mossotti formula

-1 4x

O+2 3

©)

Na’o.

Based on the expression used for the total polarizatign
we can introduce the static local field faclgras

/

3¢e° 1 u? 1 w?
IOZ—— a0+_— a0+— .
2€0+1 1_foa0 3kT 1_foa0 3kT
(6)

B. Dynamic properties

dn2 1 n(n?-1)(2n2+1)
dd d

5 : (11)
4 _f2 4N2
2n,+1 3(nw v

wherev = 3 mNa3 represents the fraction of the volume oc-
cupied by the moleculdd5]. It is interesting to note that the
values of th?/dd deduced from the Lorenz-Lorentz equation
(9) are found to be in disagreement with experimental results
[16]. The expression based on this equation becomes

dn?

2 n2-1n2+2 ,
W d 3 (12

The present approach will be compared with the Lorenz-
Lorentz treatment in Sec. IV.

The procedure outlined above can be implemented for
nonspherical cavities if, instead of using the average dipole
moment and polarizability, the influence of different compo-

In this paper we focus on properties of pure liquids in thenents of the dipole momertvecton and the polarizabilityr

optical region, in which case the permanent dipoles of theiensoy is considered. For an ellipsoidal cavity in a nonpolar
polar systems can no longer follow the changes of the fieldg|yent, this would mean that the lengths of the three axes

The contributions from orientational polarization, i.e., the d
recting field, is therefore negligible. With the Maxwell rela-
tion connecting the dielectric constant and the refractive in

dex,e=n?, one obtaingcf. Eq.(3)] a relation that implicitly
determines the optical refractive indey,

(nZ-1)(2n2+1)  4aNe(w)

2 @
where

oo LA ®

o= S et

Iy, z are to be determined from the diagonal tensor compo-

nentsayy, ayy, a,, in the same way as the spherical cavity
Tadius is given through calculations of the average

IIl. COMPUTATIONAL PROCEDURES

As indicated in the preceding sections, accurate calcula-
tions of molecular properties are essential for the determina-
tion of macroscopic properties of dense media. Currently,
self-consistent reaction field theory is most commonly used
for this purpose. The solute molecular properties are then
obtained through different methods such as the sum-over-
state approacf7,8], the analytic derivative approagh], or
the response theory approdéh6,13. Response theory is of
particular interest here since it provides not only static but

This equation can be used for all liquids. If the Onsageryiso dynamic properties; see, for example, Ré%8,4—

cavity radius is used, Eq7) reduces to

n2—1 4wN (o)
= —Na(w),
n2+2 3

9

i.e., the well-known Lorenz-Lorentz equation.

6,13
In general one obtains the quantities
n=R,(€,a), (13
a=R,(€,a), (19

Analogous to the static case, the Maxwell-to-molecular L . . . :
field relations can be expressed in an effective manner Witlf]rom reaction field electronic structure calculations, i.e., with

the introduction of an optical local field factby,, which is
obtained from Eq(6) by omitting the dipole moment. The
dynamic local field factor then becomes

3e® 1

=2€w+1 1_fwaw. (10)

w

parametric dependences on the dielectric constaand the
cavity radiusa. The dielectric constan¢ is naturally ob-
tained from experiment, whereas the cavity radius cannot be
uniguely chosen. In fact, there are three different commonly
employed approaches for determining the cavity radius in the
literature; (i) from the density of the pure liquif2]; (ii)
taking the molecular radius plus the van der Waals radii of
the outermost atomsiii) adding a constant terii©.5 A) to

Finally, concerning the dynamic quantities we also givethe value obtained from modél) [17,7]. In this paper, we
the expression for the density fluctuation of the refractivemake use of the recently proposed method to determine a

index (dwf,/dd) or DFRI, which is an important experimen-

unique value for the cavity radiy44].
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A. Solvation model B. Vibrational polarizability

The utilized solvent model is a generalization of Kirk-  The vibrational polarizability plays an important role in
wood’s model 23,24 utilizing a multipolar expansion of the determining the cavity radius, and eventually all properties.
solute charge distribution. The dielectric interaction energyThe vibrational polarizability of polyatomic molecules can

given here is as in Ref$24,25 be calculated by introducing different approximatidis].
In this paper, the double harmonic approximation will be
Esolz% R™(T,0), (15) used for dynamic vibrational polarizability, which gives
v . F?’uie (ﬂyl'Llse 2 2
using real spherical harmonics, and where a”(_w’w)_zb: (a_(gb) (a_Qb (0p=w%), (21)
R'™=g,(e)(Tim) (16)  wherewy, is the vibrational frequency an@, is the normal

mode coordinate associated with the normal mbdd-ur-
and € is the dielectric constant. Thel|,,) elements are the thermore, average polarizabilities are computed as
charge moments of the solute charge distribution and they

are given as expectation values of the nucl&gy, and elec- 1 - -
tronic solvent operatorgy;,, a=g(axt ayytaz) (22)
T =T — (T ). (17)  for both electronic and vibrational polarizabilities.
Im Im Im P
The functiong,(e), representing the response of the dielec- C. Cavity radius

tric medium, is given by 24,2 . . . .
I um, 1S g A . The cavity radiug, can be determined as a zero point of

1 the deviation functionF1(e® a), which then merely ex-
g(e)=—=a @ I[(1+1)(e-1)]/[I+e(l+1)]. presses the equivalence in Ed) together with the reaction
2 field expressions for the dipole moment and the polarizabil-

(18) ity in Egs. (13) and(14); see Ref[14],
The free energy functional for the solvated molecule is given (2—1)(2e°+1) 47N
as Fl(e®a)= —
( 3¢e° 1—fo(a)Ry,(€%,)
F(N)=EyadN) +Ego(N), (19 9
R(e%a)

X| R, (€%,a)+ = .
LT ST I @R, Pa)

and depends on a set of parametfr$ for the electronic
wave function. The expectation value of the vacuum Hamil-

tonianH, 4 is given as (23
(O|Hyad O) The motivation for this particular choice of cavity radius is
Evad\) = W (200 that the classical continuum approach and the self-consistent

reaction field should give the same physical description for

any investigated system. It has been shown that a unique

solution exists for the cavity radius and that this value then
h depends only on the molecular system and the computational

The free-energy functional is variationally optimized wit X ) N
respect to the parameters of the electronic wave function. WLgveI at hanq14]. The dipole moment "?md statlcopolanzabn-
ty of the solvated molecule are then givenRy(e",a,) and

utilize a direct, restricted-step, second order algorithm for thd o .
optimization of the energy and electronic wave functionRe(€ +0), respectively.

[24,25. The parameter sk} comprises orbital rotation pa-

rameters in the case of a single determinant reference statel- Refractive index, local field factors, and density variation

or orbital rotation parameters and determinant coefficients in g4, 4 given cavity radius,, we can introduce a second
the case of a multideterminant reference state, as, for irHeviation functionF2(T, ,a,) by combining Eqs.(7) to-
stance, given by the CAS and RAS wave functions describegether with Eqs(13) andw(14),

in Sec. IV A. The optimized wave function of the solute is

where the electronic wave functid®) depends on the pa-
rameter se{\}.

used in the solvent response method for obtaining molecular _ (M2-1)(2n2+1)
properties of solvated molecules. This method thus appends F(n,,a0)= —>
a solvent reaction field Hamiltonian to the unperturbed solute 3N,

Hamiltonian before the response of the applied time- 4aNR,,. (F. o)
dependent electromagnetic field is evaluated. Detailed de- _ 2@l 0 T07
scriptions and applications of this method can be found in 1—fw(a0)Ra(w)(ﬁw,aO)
Refs.[5,6]. The dipole moments are obtained as expectation

values, while the polarizability is obtained as a first orderHence, the proper refractive index, which we denotenpy
response property. is found at the zero point of the deviation function

(24)
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TABLE I. Static polarizability of gas phase benzene. All values 5 10°

are in a.u.
b0 bl b2 Expt.
agy 75.601 78.286 79.081 7946
at, 36.985 43.723 44.978 4433
a® 62.729 66.765 67.713 67.248
aly 0.357 0.290 0.283
al, 6.846 5.531 5.798
a’ 2.520 2.037 2121
gy 75.958 78.576 79.364 8354
ayy 43.831 49.254 50.776 43.05 _
@ 65.249 68.802 69.835 70.05 & of -l
8Rayleigh scattering depolarization rati&y]. B i
bStatic Kerr effect, includes vibrational contributipg]. !
|
F2(T,,a0)=0. The dynamic polarizabilities of the solute i i
molecule are then given bR, (N, ,ap)- ! !
Knowing the consistent molecular properti%(eo,ao), ! !
R,(€%ay), and the refractive inder,,, the local field fac- ! !
tors, both static and dynamic, and the density fluctuation of ! : !
the refractive index can be computed directly via E@s, ! b
(10), and(11). 10 A
| L
| L [ | L L
IV. SAMPLE CALCULATIONS -5 3 5 25 .

Cavity radius (a. u.)

We consider the pure liquids benzene=(2.28) and ac-
etonitrile (e=37.5) to represent samples of nonpolar and FIG. 1. Deviation functions*(e®,a) versus cavity radiua for

strong polar dielectrics, and choose them as test cases for th@uid benzene with different basis sets. The true cavity radiLis
proposed method. given byF1(€%ag)=0. The three commonly used cavity radij—

(ii ) (explained in the texf are indicated by dashed lines. The three
curves shown are corresponding to the cases: using basi¥set
only electronic contributiongdashed line with marks “x); using
For the benzene molecule three different basis sets, ddasis seb0, total electronic and vibrational contributioslid line
noted a0, b1, andb2, have been employed. Basis sefs with marks “0"); using basis sdi1, total electronic and vibrational
and bl are built from a standard 4-31G basis $&] contributions(solid line with marks “*).
and the atomic natural orbital(ANO) basis set
(C[14s9p4d/4s3pld], H[8s4p/2slp]) [20], respectively,
by supplementing diffus@(0.05) andd(0.05) functions on
carbon, and the third basis 982 is from Sadlej's polariza-
tion basis set§21]. The molecule is placed in they plane.

A. Computational details

employed with sixteen electrons distributed in RASH; 4
5a;, 6a;, 7a;, and le; RAS2: 2e and 3¥; and RAS3: &,

9a,;, 10a;, 11a;, and 4 (16 in 16. The number of elec-
trons in RAS1 is kept between ten to twelve and in RAS3
between zero to two, whereas no restrictions are imposed on

All calculations are carried out using the random phase ap: : .
roximation(RPA) linear response methddinear response RAS.Z' The active spaces are motlvated_ by the clear separa-
b tion in MP2 occupation numbers that exist between the four

applied to a single determinant reference state, also equiva-, . . ) .
lent to the time-dependent Hartree-FA@DHF) method. orbitals in RAS2(the same four orbitals as in the CA&nd

The acetonitrile molecule possesg®s svmmetry. and others. Furthermore, only the three core orbitala,(12a,
P S SY Y, and 3&;) are kept inactive in the RAS, and the valence or-

has here been represented by placing the main symmetry a3 ls in RAS1 are balanced by equally many unoccupied

_alor_lg thez axis. All results are obtained with Sadlej_s polar- orbitals in RASS3, thereby correlating all orbitals with MP2
ization basis setf21]. However, for reasons explained be- . -
occupation numbers greater than £0

low, we have, in addition to the SCF reference state, also The molecular properties in the aas phase have been cal-
employed a limited complete active spa@AS) with four X I prop gas pi: X .
culated without inclusion of the reaction field, since the in-

electrons in two doubly degenerate orbitals, denotedes 2 ! )
and 2 (4 in 4). These orbitals originate mainly from degen- teractions among molecules are very small in the gas phase.
' All calculations are performed with theALTON quantum

eratep, andp, atomic orbitalsAO) localized on the neigh- :

boring carbor¥ and nitrogen atoms, thereby formidggen- chemistry program package@z].
eratg¢ bonding and antibonding C-N molecular orbitals ) ) o
(MO). The le MO, on the other hand, is mainly localized to B. Nonpolar dielectrics: Liquid benzene

the other carbon atom, and it is kept inactive together with The RPA averaged static polarizability of benzene with
the other seven occupied orbitals. Furthermore, an exten- basis seb2 is found to be in excellent agreement with ex-
sive, full valence, restricted active spa@®AS) has been periment, cf. Table |. The results with basis 4&1 are
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TABLE Il. Frequency dependent vibrational polarizabilities of TABLE lll. Refractive indices of liquid benzene.
benzene in gas phase and solution. All values are in a.u.
® Basis  This work L2 Expt.

) b0 bl (i) (i) (iii )

as %iq gas ia 0.0430 b0 1492 1538 1503 1.497 1.4425
0.00 2.520 3.015 2.037 2.315 b1 1.494 1.584 1.545 1.538
0.01 —0.376 —0.524 —0.250 —0.307
0.0 018 0231 0175 0192 0.0770 b0 1512 1559 1522 1515 1.4979
0.03 —0.076 —0.083 —0.060 —0.067 bl 1.515 1.609 1.566 1.559
0.04 —0.041 —0.045 —0.032 —0.035 0.0908 b0 1.523 1.572 1533 1.526 1.5075
0.05 —0.025 —0.028 —0.020 —0.022 b1l 1.525 1.624 1579 1.571
0.06 -0.017 —0.019 —-0.014 —0.015
0.07 0,013 0014 0,010 0011 0.1050 bO 1537 1588 1547 1540 1.5%96
0.08 —0.010 —0.011 —0.008 —0.008 bl 1.537 1643 1595 1.587
0.09 —0.008 —0.009 —0.006 —0.007 2The solvated molecular properties are calculated by using the three
0.10 —0.006 —0.007 —0.005 —0.005 commonly used cavity radi(j)—(ii ).

bExperimental value quoted in R429].

“Experimental values quoted in R¢R0].

slightly below, whereab0 is apparently too small to provide

accurate values. Hence, with an adequate basis set the polaignificant effect on the cavity radius, e.g., with basistxkt

izability of benzene can be well described at the RPA levekavity radii of 6.401 and 6.758.u) were obtained by ex-

and correlated methods are not expected to improve resultduding and including the pure vibrational contributions, re-

in the present work. spectively.
The deviation function&'(°,a) obtained with basis sets With the proper cavity radius, one is thus able to compute

b0 andbl at the RPA level are shown in Fig. 1. The vibra- the refractive index. In the optical region, it is understand-
tional contribution to the polarizability of liquid benzene, able that the vibrational contribution is small due to the short
a=R_,(€,a), has also been included. The values for the cavinteraction time. In Table I, the frequency dependent vibra-
ity radius a, are strongly basis set dependent, as shown intional polarizabilities of benzene are summarized for both
the previous studj14]. Also the inclusion of the pure vibra- the gas and liquid phases. The solvent results are obtained
tional contribution to the polarizability was found to have awith the cavity radius,. In the static limit, the vibrational

TABLE IV. Density fluctuation of the refractive indices and local field factors for liquid benzene.

Density fluctuation

LL Local field factor
® This work Case 1 Case 2 Case 3 Expt? This work LL®
0.000 1.379 1.425

1.34%
0.0430 1.677 1.910 2.267 1.88% 1.37¢ 1.399
1.65% 2.588 2.050 1.332
0.0770 1.761 2.007 2.410 1.98C 1.38% 1.415
1.732 2.77% 2.16% 1.352
0.0834 1.783 2.039 2.448 2.003 1.80 1.388 1.419
1.758 2.818 2.192 1.35%
0.0908 1.81% 2.068 2.502 2.040 1.393 1.424
1.776 2.888 2.234 1.358
0.1050 1.879 2.146 2.617 2.1168 1.407 1.436
1.837 3.037 2.323 1.368
@Basis seb0.
bBasis sebl.

€Using experimental values of refractive indices.

dExperimental values quoted in REL5].

LL formula, Eq.(12), with experimental values of refractive indices.

fLL formula, Eq. (12), with the calculated refractive indices using cavity rddii

9LL type of general expression for DFRI, wheve=1 is assumed in Eq11), and the calculated refractive
index using cavity radiu$i).
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TABLE V. Dipole moments and gas phase polarizabilities for ' ' '
the acetonitrile molecule. Theoretical polarizabilities are purely
electronic. Dynamic values at 514.5 nm. All values are in a.u.

Static Dynamic
SCF CAS RAS SCF CAS RAS Exft.

Uy 1.67 153 152 167 153 152 154

ay, 3852 36.44 36.84 39.80 37.57 38.01 40.7

Qe 23.95 2359 2348 2454 2416 24.05 253

a 28.81 27.87 27.93 29.62 28.63 28.70 30.4 :

dispersion 28% 2.7% 2.8% -4r i 7

F' ea)

3Experimental values from Reff27].

polarizability for liquid benzene is strongly enhanced com-
pared to gas phase values. Increases of 20% and 14% ar
observed for basis selt® andbl, respectively. Compared to ,
the static value, the dynamic vibrational polarizability in the — -sf /i e : S
optical region decreases drastically. Furthermore, the differ-
ence between values in gas and liquid phases becomes ne(
ligible for larger frequencies. In general, the vibrational con-
tribution to the dynamic polarizability in the optical region
can be neglected.

With Eq. (24), the refractive index of liquid benzene at :
different frequencies has been obtained, see Table Ill. Basis £ o L - .
setsh0 andbl have been used for the simulation. It can be ' Cavity radius (a.0.) '
seen from Table Il that the calculated refractive indices of o 1o ] o
liquid benzene seem to be very stable with respect to the G- 2. Deviation functiorF (¢",a) versus cavity radius. in
basis set. The agreement with experimental data is most sagt-om'c units for acetonitrile witla "= 37.5. For comparison, the van
isfactory and we can report theoretical estimations within e" Waals based cavity radius is 6.085 atomic units, and the liquid
1%. For comparison, we have also applied the widely USe(giiensny(o.?SG g cm®) based cavity radius is 5.103 atomic units.
Lorenz-LorentZLL ) equation Eq. (9)] for alternative values )
of the refractive index. The frequency dependent polarizabil®ne assumes=1 in Eq. (11), another LL-type formula can
(i), (ii), and(iii). All results are summarized in Table Il and index from the LL model, the DFRI data are found to be
we note the strong basis set dependence that can be seen, i@@er than the experimental one by 11% and 22% for basis
same as that found in Rei26]. In fact, the better basis set Setsb0 andbl, respectively, see case 3 in Table IV.
provides poorer resu|ts in Comparison W|th experimenta| The static and dynamIC |Oca.| f|e|d faCtOI’S. from our mOdel
data. For instance, at Cavity radilqel the error increases are f0u.nd tO be rather C|O§e to those obtained from the LL
from 4% to 8% with the two different basis sets. In addition, @PProximation, as shown in Table IV. However, for polar
the results also show strong dependence on the cavity radiudielectrics, the difference between the present model and the
We recall that the LL equation is derived under the assumpl-L formalism for local field factors will become larger, es-
tion that the cavity radius is determined by the density of thepemally the static values. This will be further demonstrated
medium, see Eq(4). Therefore, only the choice of cavity in the next section.
radius(i) is consistent with the LL equation, and since this is
a poor choice as shown in Fig. 1 the deficiency is not sur- C. Polar dielectrics: Liquid acetonitrile

prising. As a model medium for the group of polar dielectrics, we

_The density fluctuation of the refractive indéRFRI) at  5ye chosen acetonitrile with a static dielectric constant of
different frequencies has been calculated by applying Eq.

(12) for both basis sets. The results obtained from the LL- . e
type formula with experimental data for the refractive index TABLE V1. Frequency d_ependent vibrational po"'?mzab'"t'es for
yp . . . acetonitrile in gas and liquid phase. All values are in a.u.

have also been included for comparison. As shown in Table

IV, the values obtained from the current model are in excel- o o

lent agreement with the experimental data, whereas the result gas a

from the LL-type formula overshoots by 13%. We have fur-0.00 0.264 0.403
ther examined the validity of the LL-type formula by using 0.02 —-0.028 —0.030
the calculated refractive indices from the LL model, E%), 0.04 —0.005 —0.006
where a is obtained from basis sdi0 and bl at cavity 0.06 —0.002 —0.003
radius (i). The DFRI results, listed in Table IV as case 2,0.08 —0.001 —0.002
overshoot the experimental value by 36% and 57% for basig 19 —0.001 —0.001

setsb0 andbl, respectively. It is interesting to see that if
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TABLE VII. Refractive index, density fluctuation, and local field factor for liquid acetonitrile.

Refractive index Density fluctuation Local field factor
) This work Expt. This work LL Expt. This work LL
0.0000 1.701 191
0.0770 1.320 1.34%6 1.067 1.296 112 1.191 1.267
0.0937 1.324 1.34%6 1.083 1.317 1.195 1.270
0.1049 1.327 1.3490 1.095 1.335 1.198 1.273

8Experimental values quoted from RELG).
bExperimental values quoted from REBQ].

37.5. The cavity radius of polar dielectrics is strongly depen-2%, which is comparable to the accuracy found for benzene.
dent on the molecular properties, especially on the dipole Results for the DFRI in liquid acetonitrile at several fre-
moment. At the SCF level the calculated dipole momentquencies are given in Table VII. The result calculated from
(1.67 a.u) significantly overestimates the experimental valuethe present model ab=0.043 a.u. underestimates the ex-
of 1.54 a.u. Already with the relatively small, and only stati- perimental value by 6%. However, this is still a considerable
cally correlated, CAS reference state the correct dipole mojmprovement compared to the LL value, which overshoots

ment is obtained, and a further extension to the full valencgy 179, cf. Table VII. The LL value was obtained by using
correlated RAS reference state shows that for the propertigsyperimental refractive index.

of interest CAS basically covers the full correlation effect, Finally, we present in Table VIl also the local field factors
cf. Table V. Therefore, only the CAS reference state will bethat relate the external Maxwell field and the molecular field.
used for calculations of liquid acetonitrile. A consistent cav-accurate local field factors are a prerequisite for a compari-
ity radius of 7.55 a.u. is obtained with the aid of EB3) by  son between hyperpolarizability measurements in the liquid
incorporating the pure vibrational contribution to the averaggyhase and theoretical models. For acetonitrile two values
polarizability according to Eq(21). The deviation function have been used in the literatr based on the LL approxi-
F*(€° a) is plotted in Figure 2 for cavity radii in the range of mation, 1.27 for the static field and 1.91 in the optical region.
6.0-8.0 a.u. The cavity radius, corresponding to the zerq\ rejnvestigation of the electric field induced second har-
point crossing, is much larger than cavity radii previouslymonic generatiofESHG experiment on acetonitrile with
used in the literature based on liquid densi#y<(5.103 a.u.  improved local field factors will follow in a later publication.
and van der Waals radiia(=6.085 a.u. In this context the differences are expected to be crucial
With the proper cavity radius at hand, we turn to thesjnce the measurement involves the combination of one

determination of the optical refractive index through Eq.static and three optical fields, thereby yielding a total field
(24). As seen from Table VI, the vibrational contribution to tactor of|

the polarizabilitya” is negligible at optical frequencies and
has therefore been neglected. However, conforming with the
results for benzene, we note that the solvent effeciudbn
being large in the static limi53%), decreases drastically for Y. Luo greatly appreciates the financial support provided
nonzero frequencies. In Table VII, we present the consistertty the Hellmuth Hertz Foundation. This work was supported
refractive indices and compare them with experimental datéy the Danish and Swedish Natural Science Research Coun-
where such are available. The theoretical values are withiuils.
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