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Available information in relation to the anisotropic electric dipole polarizabilities of HCHO;GHO, and
CH;COCH; is complemented by measurements of the vapor-phase Rayleigh depolarization ratios of HCHO
and CHCHO and the temperature dependence of the vapor-phase electrooptical Kerr effegCad Cih

at 632.8 nm. In the cases of HCHO and {CHO the polarizabilities remain incompletely defined by the
experimental data; but in the case of LCH; the three principal polarizabilities are determinable from an
analysis of the Kerr effect together with the previously reported mean polarizability and Rayleigh depolarization
ratio of this species. The experimental polarizabilities 0b,CBCH;, in conjunction with Rice and Handy’s
computed polarizabilities of HCHO and a simple group additivity model, allow the reliable prediction of the
four components of the polarizability of GAHO. As well, the temperature dependence of the first Kerr
virial coefficient of CHLCOCH; provides uncertain estimates of the first and second Kerr hyperpolarizabilities,
which have not previously been reported. The temperature dependence of the second Kerr virial coefficient,
which measures contributions from pairwise molecular interactions, is found to be explicable in terms of a
recent statistical-mechanical theory of the effect.

accurately reproduce the observed mean polarizabilities and
polarizability anisotropies of these three species, an excellent
demonstration of the reliability of the results. As well, the
temperature dependence of the first Kerr virial coefficient of
CH3COCH; yields poorly determined values of the first and
second Kerr hyperpolarizabilitiegX and yX, which have not
previously been reported for this molecule. The temperature
dependence of the second Kerr virial coefficieBg, which
measures contributions to the observed effect from pairwise
molecular interactions, is found to be explicable in terms of a
recent generalizatidh'?of a statistical-mechanical theory based
on the dipole-induced dipole modé

Introduction

The electric dipole polarizabilityy,g, is the basic descriptor
of the interaction of the molecular charge distribution with an
electric field>= Although the principal polarizabilities of a
useful number €20) and variety of asymmetric tops (i.@ux
Z Oyy = 0z have now been evaluated experimentally (e.g.,
H,05 S0,,%7 H,C=CH,%9), those of the simplest carbonyl
compounds, of which HCHO, GY&€HO, and CHCOCH; are
the prime examples, have not yet been so determined. In the
present study, available information for HCHO, &HHO, and
CH3COCH; is complemented by measurements of the vapor-
phase Rayleigh depolarization ratios of HCHO and;CHO
e_md the temperature dependence of the vapor-phase eIectroopTheory
tical Kerr effect (i.e.,Ax andBk vs T) of CH3COCHs. In the
cases of HCHO and GJEHO the polarizabilities are still Necessary theory has been given elsewhétéland only a
incompletely defined by the data; but in the case 0§CECH; brief summary is included here. Note, too, that the reference
the three principal polarizabilities are determinable by simul- axes for the polarizability, shown in Figure 1, are defined such
taneous solution of the three independent equations that aris¢haty andz are in the heavy-atom plane, witltoincident with
from the newly measured temperature dependence of the firstthe G=C bond;x is perpendicular to the heavy-atom plane. In
Kerr virial coefficient, A, together with the known mean the cases of HCHO and GHOCH; these reference axes are,

polarizability, o, and Rayleigh depolarization ratipg, of this
species. The experimental polarizabilities of {LOCHg, in
combination with state-of-the-art computed polarizabilities of
HCHO! and a simple group-additivity model, then allow the
reliable prediction of the (four) components of the polarizability
of CH3CHO. It is found that the computed polarizabilities of
HCHO, the group-additivity derived polarizabilities of @EHO,
and, of course, the experimental polarizabilities of:CBCH;

* To whom correspondence should be addressed.

in fact, the principal axes, but in the case of £LHO this is

not so;x remains a principal axis bytandz must be rotated

through an angl® in theyzplane to locate the principal axes.
The relationship between the Rayleigh depolarization ratio

po = Iy/1" and the optical-frequency polarizability*fs

5P0(3 - 4P0)_1 = K2 = (30*(1,30'(1,6 - aaaaﬂﬁ)(zaaaaﬂﬁ)_l (1)

in which « is the polarizability anisotropy parameter and
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Figure 1. Definition of axes (oop= out-of-plane):x, y, z= principal

axes for HCHO and C¥COCH; and reference axes for GEHO; X/,
y', Z = principal axes for CHCHO.

=)

~
x = x'(oop) Ay'

Uyof3 = o= (O + 0y + 0,)/3 (2)

is the mean polarizability. The expressions £8rin terms of

Couling et al.
P = (N/8leg)y" ®

Q = (NA/81eK)[(2/3)up* + (9/5)0%x”) (9)
R = (N,/81¢,k%)(3/10)(0.,, — o) (10)

so thatP andQ give yX and X, respectively, andR gives the
desired equation iy, Oyy, anda;z
The second Kerr virial coefficienB, ist?

By = (NA7/54Q¢0) [ (0 + 0 + 0y + ...+ 504 + a0, +
105+ ...) expEU(T)/KT) dr (11)

where Q = V71 /, dr is the integral over the orientational
coordinates of the neighboring moleculg, as, oy, ... are terms

the components of the polarizability in the reference axis systemin powers of the optical-frequency and static polarizabilities that

are

K = [0 — ) + (ayy — 0,)° + (0, — 0,187 (3)

for HCHO and CHCOCH; (where the reference and principal
axes coincide) and

K= [(ot — ayy)z + (ayy - (127)2 + (o, — axx)z +
6a,,/1/180° (4)

for CH3CHO (where the reference and principal axes do not
coincide). In the case of GJEHO there are, therefore, four,
not three, components of the polarizability to be evaluated in
the reference axis system.

The definition of the molar Kerr constantK, ist>~17
oK = 6V, [(n* + 2)%(e, + 2071 [(n = n)IFTe o (5)
wheren ande, are the refractive index and relative permittivity
of the gas in the absence of the fietg,— nv is the birefringence
for XZ and YZ polarized light that is induced by the uniform
electric field,Fx, andV,, is the molar volume. To take account
of molecular interactionsyK can be expressed in terms\¢f,
as

K=A+HBV, (6)
in which Ax and Bk are the first and second Kerr virial
coefficients;Ax is the zero-density value K, andBx measures
the additional contribution tg,K from interacting pairs of

molecules. The first Kerr virial coefficient of GJ@OCH; is,
in SI unitg+16.17

A= (NABLe){ ¥ + (KT) (2/3)up + (9/5)a%x] +
(3/10)KT) *u(a,,— 00} (7a)

=P+ QT '+ RT? (7b)
where eq 7a relatedx to molecular properties and eq 7b
emphasizes the quadratic dependencéodn T-L. As well, «

is the molecular dipole moment,anda® are the mean optical-
frequency and static polarizabilities;, is the component of
g in the direction ¢ to +) of u, k«k® (~«?) is the product of
the optical-frequency and static polarizability anisotropy pa-
rameters, and g and yX are the first and second Kerr
hyperpolarizabilitieg. The coefficientsP, Q, andR are

result from partial orientation of anisotropic pairsa, w20y,
u203, ... result from partial orientation of the coupled dipole
moments of pairs, and;4(z) is the intermolecular pair potential
energy. As previously}1? Uio(7) is expressed as

Up(r) =U, + U‘uﬂ + Uﬂ@) + Uge + Uﬂiﬂdﬂ + U@indﬂ +
Ushape (12)

in which U, is the Lennard-Jones 6:12 potentibl,,, U,e,
andUge are the dipole-dipole, dipole-quadrupole, and quad-
rupole—quadrupole interaction energids,ing, andUeging, are

the dipole-induced dipole and quadrupole-induced dipole in-
teraction energies, andsnapeaccounts for the angular depen-
dence of short-range repulsive forces for nonspherical molecules.
General expressions, applicable to nonlinear species such as
CH3COCH;, for the terms in eqs 11 and 12 have been given
elsewheré!

Experimental Section

Samples were prepared as follows: Formaldehyde (Aldrich,
37% by mass in water, stabilized by -105% methanol) was
treated by a variant of the standard proced@réhe gas (bp
—21°C) is susceptible to polymerization, and the scattering cell
was maintained at an elevated temperature (32)%0 minimize
deposition of polymeric species. Acetaldehyde (Aldrie89%,
bp 20 °C) was subjected to two freezpump—thaw cycles,
which included vacuum distillation, immediately before intro-
duction into the scattering cell. Acetone (99%, bp°&) was
distilled three times through a 1.2 m packed column and dried
over 0.4 nm molecular sieves; gas-chromatographic analysis
gave the purity of the sample &99.99%.

Improved apparatus for measurements of the Rayleigh
depolarization ratiopo = (I, — I, p)/(I;, — I;,), of gases and
vapors at 632.8 nm has been describe@bservations on
HCHO were made at 973 and~26 kPa; those on C}CHO
were made at 23C and~40 kPa. Typical count rates (counts/
s) for the depolarized and polarized signajsand|’, and the
backgrounds)y, and I, were the following: HCHO, 22,
1214, 8, 15; CHCHO, 140, 16 494, 5.4, 25. Integration times
were in the range 106800 s. The results are the averages of
repeated determinationsy5 with inclusion and~5 with
exclusion by means of an interference filter of vibrational Raman
contributions: HCHOpp = (1.414 0.14) x 102 (inclusion),
(1.23 4+ 0.09) x 102 (exclusion); CHCHO, po = (0.815+
0.004) x 1072 (inclusion), (0.774 0.03) x 1072 (exclusion).
Clearly, the precision of the results for HCHO is far below what
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TABLE 1: Temperature Dependence of the Vapor-State Kerr Effect of CHCOCH3 at 632.8 nm
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T (K) no. of pressures p (kPa) B2 (107 m® mol™?) Ax (102" m>V~2mol™?) Bk (1002 m® V=2 mol™?)
489.8 9 38-90 —331 34.9£0.3 1+1
479.3 8 32-89 —383 36.9-0.4 -1+2
456.8 10 32-87 —429 40.0+ 0.2 2+1
423.8 9 32-78 —486 47.1+£ 0.4 242
404.8 9 3+74 —588 51.2+0.4 7+2
383.8 9 33-73 —750 57.: 0.2 5+1
370.4 10 2165 -881 61.4+ 0.4 8+2
350.9 8 2158 —1106 69.4- 0.7 444
330.8 10 15-60 —1385 76.5+ 0.7 19+ 4
315.7 9 15-64 -1613 85.8+ 0.7 10+ 4
308.5 9 14-44 —1772 89.7+ 0.1 21+2
298.2 9 8-30 —2033 95.5+ 0.6 23+ 6
@ Pressure second virial coefficients from ref 24.

is typically achieved, presumably as a consequence of polym- 110

erization. In the discussion that follows, the higher depolarization

ratios (i.e., those that include vibrational Raman contributions)

are preferred for HCHO and GBHO, at least partly for 1004

consistency with CBCOCH;;2° but the conclusions in respect

of HCHO and CHCHO would be effectively the same if the 90+

alternatives were used. -
Equipment and procedures for investigations of the temper- B 804

ature and pressure dependence of the electrooptical Kerr effect NE

in gases and vapors have also been descfibddeasurements > 704

of the field-induced birefringence of GAOCH; were made at e

12 temperaturesx{298—490 K) within the available span and, § 60+

at each temperature, over a range of pressueds-00 kPa). 8

The observed birefringences of the gas were used to establish < 504

values of Ko = (2/27Vm(nx — ny)/Fyx2, and these were fitted

to the relatioR? 404

o= Act Bt AdeA AV @) ol .
2.0 25 3.0 35

in which A. and Ar are the low-density molar dielectric
polarizatio#® and refraction, the latter calculated from the
optical-frequency molecular polarizabili#}. Pressure virial
coefficients,B,24 were used to obtain molar volumas,, from
the vapor temperatures and pressures. The results are sumgf CH,COCH; at 632.8 nm

T(10°K™)
Figure 2. Temperature dependence &f of CH;COCH;.

TABLE 2: Analysis of the Temperature Dependence ofAx

marized in Table 1, where the errors attributed to the values of
Ax are standard deviations obtained from the least-squares fitting

of straight lines to the density-dependence data; with calibration
and other systematic errors the overall accuracy is estimated as
+2%. Despite the relatively low pressures at which the
measurements were performed, acceptably precise vallBs of
have also been derived.

The vapor-phase Kerr effect of GHOCH; was first exam-
ined more than 70 years ago: a single-temperature measurement #
by Stuart® yielded a bulk Kerr cqnstant,(, at 356.2 K and 10740 C R V-1)e
101.3 kPa of 31.2 10715 esu, which corresponds to a molar Oy
Kerr constant, K, of ~72.4 x 1072 m> V2 mol™%, at 589 oz
nm. By comparison, interpolation from the present measure-
ments indicates a value, at 356.2 K and 101.3 kPa;#d.0 x
10" m® V=2 mol~! at 632.8 nm or, with a correction for the
wavelength dependence of the polarizability anisotrepy?.0
x 10727m> V=2 mol~! at 589 nm. In the context of the available
technology, the earlier measurements, even if performed at only
one temperature, were a remarkable achievement. Unfortunately
however, the theory of the Kerr effect was, at the time,
incompletely understood, and the necessity for extensive
measurements of the temperature dependence was not apprec
ated.

property value

P (102’ m5 V-2 mol %2 8.4+ 4.0
Q (10 m° V2 moltK)2 —7.5+3.0
R (1072t mP V-2 mol-1 K2)2 10.06+ 0.56
yK(1076° C mft V-9 104 5°
a (1074 C PV 7.14+ 0.0%
a®(1074°C e V-1 8.1+ 0.7
K2(1072) 0.890+ 0.008

(1030C m) 9.64+ 0.07
BK(10°5°C mB V2 —2+1°

5.80+ 0.13 (7.66+ 0.17
7.664 0.17 (5.80+ 0.13y
7.96+0.06

aSee textAx = P + QT-1 + RT2 b For reasons noted in the text,
yK andgX are poorly determined in this analysis; the uncertainties shown
are the apparent standard deviations, but both values are larger in
magnitude than would be expected for a molecule of this size.
¢Reference 209 Reference 23 Locations of molecular axesx
perpendicular to heavy-atom planeandzin plane;z coincident with
dipole moment (Figure 1).Preferred values (see tex®)Alternative
solution of quadratic equation (see text).

experimental data and the fitted plot A againstT~1; Table
2 contains the coefficients, Q, andR of the polynomialAx =

P + QT 1 + RT 2 together with the interpretation of these in

Results and Discussion

Temperature Dependence ofAx for CH3COCH3. The
procedure was as previously descrideéigure 2 displays the

terms of molecular properties. Other data in Table 2 are the
mean optical-frequenéYand statié? polarizabilities,o. anda®,
the square of the optical-frequency polarizability anisotropy
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TABLE 3: Contributions to Ak of CH3COCH; at 300 and and these made possible a useful analysis of the polarizability
500 K in the series HCHO, CKCHO, and CHCOCHs. The procedure

value (102" m° V-2 mol-1%) was (a), for HCHO, to demonstrate that the computed polariz-

term 300K 500 K abilities accurately reproduce the experimental values of the

mean polarizabilityo, and the polarizability anisotropya,

(Na/81eo)y ?448 9%) %‘;5 19%) (b), for CH;CHO, to combine the computed polarizabilities for
(ONA/243 KT B 970 216.2 HCHO and the experimental polarizabilities for ¢OCHsto

(—28.4%) (-48.3%) predict the four independent components of the polarizability,
(Na/45¢0kT)0oCk? 1.9 1.1 and (c), also for CECHO, to demonstrate that the predicted
(N2704CT ) (ﬂi-g%) SFO3-24%) polarizabilities again accurately reproduce the experimental

A ol U(0zz— Q . .
“ (+117.6%) (-119.8%) Va::”esr?fa and Aa. s analveis. the bolarizability ani

A 051 336 or the purposes of this analysis, the polarizability anisotropy,

Aa, is defined by the relation

parameterx? = 5po(3 —4pg) 1,2° and the molecular dipole 1
moment,u, obtained from the temperature dependence of the (A0)? = 90%? = 580500 — Bl Olgp) (14)
dielectric polarizatior?® The new results are the hyperpolariz-

abilities, y and g, derived from eqs 8 and 9, and the ¢j that in the cases of HCHO and @EOCH;
componentsy, oy, anda;of the optical-frequency molecular

polarizability, derived by simultaneous solution of egs 2, 3, and 1
10. Ao = E{(axx - ayy)z + (ayy - azz)z + (O’zz_ axx)z} vz
The absolute and percentage contributions of the four terms (15)

in eq 7a to the values ofk at 300 and 500 K are shown in )

Table 3. Once again, the observed effect is strongly dominated@nd in the case of G&&HO

by theu?(a, — ) term, with progressively smaller contributions 1

from, in order, thgs¥, y¥, andoa%? terms. The consequence  |Ao| = —{(a,, — (lyy)z + (o, — o,)° + (0, — o) +

of this imbalance of terms, together with the demanding nature V2

of the curve-fitting that is involved, is that the coefficiers 6%22} 12 (16)

and Q, and the derived hyperpolarizabilitieg and K, are

imprecisely determined, whereas the coefficiétand the  \yhere the symbols are as defined in egst1As well, it seems

polarizability anisotropyz; — o, are precisely determined by  reasonable to expect the polarizabilities of the structurally similar

the measurements. species HCHO, CKCHO, and CHCOCH; to conform, at least
A matter of some subtlety in relation to the evaluation of the approximately, to a simple group-additivity model with contri-

polarizabilities of CHCOCH; is that simultaneous solution of  butions from the CH.C, H—C, and G=0O groups and the

egs 2, 3, and 10, of which eq 3 is quadratic, yields two possible assumption of regular bond angles. On this basis, the four

sets of polarizabilities that satisfy the equations. Fortunately, components of the polarizability of GBHO can be written in

the choice between the alternatives was easily made on the basiserms of the computed polarizabilities of HCHOand the

of the magnetooptical CotterMouton effect of CHCOCH;, experimental polarizabilities of GJEOCH; as

which was also examined in this study. In fact, the Cotton L

Mouton effect (the magnetic-field analogue of the Kerr effect) —

of gaseous CECOCH; was measured over a wide range of O CHCHO) E{aXX(HCHO)+ 0o CHLCOCH)} (17)

temperature, in the expectation that the data would provide an 1

additional, independent, equation in the molecular polarizabili- - =

ties?6 In the event, however, the observed effect was too small 0(CH;CHO) = 5{ 0 (HCHO) + 0 (CH,COCHy}  (18)

to permit its temperature dependence to be specified with the

precision that is required. Nevertheless, the effect was suf- (CH CHO)Z:—L{(I (HCHO) + o, {CH,COCH,)} (19)

ficiently well determined to resolve the present ambiguity. Over 2 2 20 2l

the temperature range noted above, the coeffici@nivhich

defines the temperature dependence of the Cetibouton _ _x/é _ _ _

constant was found to b® = (0.634 0.12) x 10724 m> A2 ay{CH,CHO) = T{(ayy a,)(HCHO) = (o, — @)

mol~! K, whereas the alternative sets of polarizabilities in Table (CH;COCH,)} (20)

2, in conjunction with the known molecular magnetizabilifiés,

predictQ = (0.60+ 0.06) x 1072*m®> A~2mol™* KandQ = where the reference axes are as defined in Figure 1 and the fact

(0.40+ 0.07) x 107**m° A=? mol™* K, respectively. Clearly,  thata,,is not zero reflects the lower symmetry of gEHO in
the first set is correct and the second set, shown in parenthesesgomparison with HCHO and G€OCH.

can be discarded. It can therefore be concluded that the The analysis is shown in Table 4, from which several useful

anisotropic optical-frequency polarizability of GEOCH; is conclusions can be drawn. Obviously, the computed polariz-
now well defined. abilities for HCHO do indeed accurately reproduce the experi-
Anisotropic Polarizabilities of HCHO, CH 3;CHO, and mental values ofx and Aa, and HCHO is an instance where

CH3COCHg3. As noted above, the anisotropic molecular po- theory presently outperforms experiment. As well, the predicted
larizability of HCHO remains incompletely defined by experi- polarizabilities for CHCHO adequately reproduce the experi-
ment and only two equations, eqgs 2 and 3, in the three unknownsmental values ofx and Aa for this species and, despite the
O Oyy, andoy, are available. Fortunately, however, ab initio limitations of the model, these too can be considered reliable.
optical-frequency polarizabilities, obtained with large basis sets In relation to CHCHO, it remains to diagonalize the polariz-
at the MP2 level of theory, have been reported for HCHO, ability tensor, i.e., to determine the angbe(see Figure 1)
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TABLE 4: Polarizabilities 2 of HCHO, CH3;CHO, and
CH3COCH;3;
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TABLE 5: Molecular Properties for Calculations of Bk of
CH3COCH;3;

value (10%°C nm? V1Y) property value
property HCHO CHCHO CHCOCH; Ro (nm) 0.47
alexpt)  (2.94% 5.08+ 0.05(5.03p 7.14+ 0.04 (7.12f (k) 057
|Aaj(exptl) 1.37+0.07 1.79+ 0.0% 2.02+ 0.03 . 0531 on
Ol 2.152 3.99/(3.98) 5.80+ 0.13 2 050G o 007
ayy 2.989 5.32(5.26) 7.66+ 0.17 AP oA
s 3.711 5.84 (5.8 7.96+ 0.06 o ) 07+0.
Oyz 0.18% On o502z
a(calcd) 2.951 5.08 (Xzz(l(Tm cevy 580.L 0.13
XX . .
|Aa(calcd) 1.358 1.69% Oy 7664 017
aMean values ), anisotropies |Aa), and components, Oy, Ozz 7.96+ 0.06
az) at 632.8 nm. All values expressed in units of40C m? V-1, a 7.14+ 0.0#
Conversion factors: & 1074 C m? V-1 = 0.8988 x 1072 cm? = [Aa 2.0240.03
6.065 au’ Values in parentheses estimated from experimental bond 0% (L0 Cm? VY 6.58
refractions: Vogel, A. |.; Cresswell, W. T.; Jeffrey, G. H.; Leicester, a’y 8.69
J.J. Chem. Sod952 514-549. ¢ Estimated from liquid-state refractive Olgzz 9.03
index and densityn?® = 1.3316, 028 = 0.7834,0 = (3eo/Na)[(N2 — o géoﬂf 0.7

1)/(n? + 2)](M/p). ¢ Reference 20¢ Equation 14;Aa(exptl) = 3ok.
fReference 109 Equations 17-20; reference axis systerhPrincipal
polarizabilities (see textj.Equations 2, 3, and 10a(calcd)= (o« +
ayy + 02)/3. ¥Equations 15 and 16.

aOptimized force constant®, ande/k, and shape factor®); and
D,, obtained by fitting calculated pressure virial coefficients to
experimental data over the appropriate range of temperatReference
23. ¢ Reference 274 Optical-frequency (632.8 nm) polarizabilities from
through which the referengeandz axes must be rotated, about Table 4.¢ Reference 20\ |Aa| = 3ox. 9 Static polarizabilities; in the
the x axis and in theyz plane, to locate the principgl andz absence of reported values, it is assumed tfat ~ (o%a)oe
axes, labelegt andz. From the transformation law for a second- 1-13 etc.” Equation 15.
ran tensc_)r,_and vyith the axes and sense of rotatipn shown intagLE 6: Comparison of Experimental and Calculated
Figure 1, it is easily established that the connection betweenvalues of B(T) of CH;COCH3

Fhe polarizabilities in the reference axis system and the ahgle B(T) (10-6 m mol )

B(T) (1078 m® mol™)

is
T(K) exptl calcd T(K) exptl calcd

— _ -1 300 —2000 —2055.7 350 —1060  —1041.0

tan 2 = 20q(a,, — 0y, (21) 310 -1730 -1737.8 360 —960  —941.6

320 —1520  —1497.1 400 —700 —674.3

from which & emerges as 1726Table 4, which also contains, 330 —1350 —1310.0 440 —490 —518.1

340 —1200 —1161.4 480 —380 —415.3

in parentheses, the principal polarizabilities of 4CHO,
therefore constitutes a reliable summary of the polarizabilities
of HCHO, CH,CHO, and CHCOCH;.

Temperature Dependence ofBx for CH3;COCH3. As
already noted, the second Kerr virial coefficieBg, measures
contributions to the observed effect from pairwise interactions

aReference 24° Equation 22.

TABLE 7: Contributions to Bk of CH3COCH3 at 300 and
500 K&

value (10°°mé V2 mol™?)

value (10%°mé V2 mol™?)

and it is, therefore, a useful source of information about the term 300 K 500K  term 300 K 500 K
effective intermolecular pair potential energy funqti‘é_ﬁ? In pots | —256.15 557 a1 —0.09
the present work the procedure was to use optimized force 190.32 2035 oy 11.34 0.87
constants and shape factors and the recently developed theory;,a; 174.20 10.71  os 0.67 0.08
to calculateBk over the relevant range of temperature and then .04 14.45 150 Bk 131.71 27.88
to compare the theoretical and experimental results. The integrals® 1.09 0.03

in eq 11 were evaluated in the manner descriBggiogram aEquation 11R, = 0.47 nm,e/k = 360 K, D; = 0.210 57, and,
run times on a Silicon Graphics Origin 200 workstation with = 0.231 93.

twin MIPS R10 000 processors and 256 Mb of memory were
about 30 min. Optimized Lennard-Jones force const&gjtand

e/k, and shape factorB); andD,, for CH;COCH; were obtained

by fitting calculated values of the second pressure virial
coefficient, B(T), given by

w205 and higher-order collision-induced contributions can
therefore be neglected.

The satisfactory agreement between the calculated and
experimental values oBg is apparent from Figure 3. To
investigate the sensitivity oBx to the chosen value of/k,
computations were performed witilk = 350-380 K andRy
= 0.47 nm, in each case with optimized valuedbafand D;
the variation inBx was <5% at 300 K and<1% at 500 K. The
to experimental data over the same range of temperature. Thesensitivity of Bx to the chosen value oRy, was similarly
optimized parameters and other molecular properties used inexplored, and typical results are included in Figure 3. It is
the calculations oBx are in Table 5, a comparison of the immediately apparent th& is far less sensitive to changes in
experimental and calculated valuesRB{fT) is in Table 6, and elk (with Ry fixed) than it is to changes iRy (with €/k fixed).
the contributions of the leading terms in eq 11 to the values of Indeed, the sensitivity dBx to Ry, especially at relatively low
Bk at 300 and 500 K are in Table 7. At the higher temperature temperatures, is greater than that exhibited by the few other
the dominant contribution tBk arises from thei,o, term, with molecules previously examined, possibly because of the large
much smaller contributions from theos anduza4 terms; the dipole moment and highly anisotropic polarizability of this

B(T) = (Ny/2Q) [[1 — exp(- Up(o)kT] dv  (22)
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