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Comment on “On the Magnetic Susceptibility of TABLE 1. Magnetizabilities?
Fluorine” reflexpt  refl this work
atomor reference estimated ab initio estimated
Kenneth Ruud* and Peter R. Taylor molecule  data from fit data from fit
He —1.88 —1.95 —1.891% —1.84
San Diego Supercomputer Center and Department of Ha —4.01 —3.90 —4.043 -3.92
Chemistry and Biochemistry, Urarsity of California, San Ne —7.65 —7.53 —7.56% —7.79
Diego, 9500 Gilman Duie, La Jolla, California 92093-0505 F —9.627 —-10.48/-10.57  —10.03
co -11.8 -12.0 —12.79/-13.1¥ —12.58
Michal Jaszunski CHa -174  -184 -19.16 -19.35
Ar —19.6 —-19.5 —20.68 —20.61

Institute of Organic Chemistry, Polish Academy of Sciences, G, 21.0 20.9 22.44 22.02
01 224 Warszawa, Kasprzaka 44, Poland aln ppm cgs units? Included as a reference in the fit (see text).
¢The MP2 estimate for the rovibrational correction (0.24 ppm cgs)
Receied: June 29, 1999; In Final Form: October 12, 1999  notincluded in these numbesThe MP2 estimate for the rovibrational

1 - correction (0.06 ppm cgs) not included in these numiséreke MCSCF
In a recent paper, Cheng et'gpresented an experimental estimate for the rovibrational correction©.20 ppm cgs) not included

determination of the isotropic magnetizability of the fluorine i, this number, but has been accounted for in the fit.
molecule. In contrast to many earlier experimental determina-

tions of isotropic magnetizabilities,> care was exercised i cajibration, together with the experimental reference data they
order to reduce the errors arising from the use of potentially ;sed for the calibration curve. We also report in Table 1 the
inaccurate magnetizabilities when calibrating the experimental thegretical reference data available for these molecules, which
apparatus. This was achieved by fitting the observed paramag~ye have correlated the PGA responses in ref 1 against.

netic gas analyzer (PGA) responses against the magnetizability For helium and hydrogen, the ab initio data have been

cr:IeSrll)t(a?aélsaetZ f?r;]\év:;d;;hg;?mixrﬁ; ?ég'ﬁﬁ‘!yv\?;raemt'gsgneﬁ%ﬁ"aobtained using full CI (FCI) wave functions with a large basis
: P sef8 (as we said, the rovibrational corrections to the hydrogen

fgl?;gIr:r:einse:\r/iiqerﬁ;/;?gettgrar;ir?:teicr)];f;%(\j/vé\?e:d?ﬁgsz g:(e errri]_ost magnetizability have also been accounted for). Since the FCI
P ’ P wave function is an exact solution to the electron correlation

mental observations inevitably depend on potentially inaccurate problem for a given choice of basis set, these results can be

single- or few-point calibrations of the experimental apparatus. considered to be more accurate than any available experimental
Indeed, Cheng et al. started out with a set of seven moleculesda,[a

to be used in the calibration, but were forced to reject the data
For the other two noble gases, neon and argon, the results

recorded by Barter, Meisenheimer, and Stevehfmrmethane . ) : .
because it fell too far off the calibration line. It has been pointed d€rive from Complete Active Space Self-Consistent Field
out, on the basis ofb initio calculations, that there is a (CASSCF) calculatiorfsin which the eight valence electrons

calibration error in the data of Barter et al., and that the results ave been correlated in a space of 13 orbftdfsAlthough only
of ref 2 should be scaled by a factor 1.07 to correct for the the valence electrons are correlated, this level of the treatment

incorrect magnetizability of argon used to calibrate the experi- ©f €lectron correlation can be expected to be reasonably good

mental setup. Rescaling the results of Barter et al. would lead SINC€ the sum-over-states contribution to the magnetizability
to a magnetizability for methane of18.6 ppm cgs, which is vanishes for a noble gas, leaving only an expectation-value

in much better agreement with the value obtained by Cheng etcontrlbutlon (the diamagnetic co_ntrlbut|on)_. Furthermore, we

al., — 18.4 ppm cgs,on the basis of their own calibration ~Would not expect core correlatihto be important for a

measurements. property such as the magnetizability, as it is mainly dominated
It is our opinion that the accuracy of modern ab initio by the valence electronic structure. The calculated magnetiz-

calculations of magnetizabilities of small molecules has now aPility of neon is also in very good agreement with the most

reached a stage at which accurately calculated magnetizabilities ©€Nt experimental value determined using electron diffraction

may be a better source of calibration data than magnetizabilities(Where no calibration is necessary) of 7.628.114 ppm cgd?
derived from a repeated recalibration against one or more ill- FOr argon, we have also done a CCSD calculation using the

determined experimental results. We will here reinvestigate the 2U9-CC-PVQZ basis set, obtaining a magnetizability-@0.62

PGA responses of Cheng et al. using accurately determined aPPM €S, thus supporting the active space used in the MCSCF
initio isotropic magnetizabilities as reference for the calibration, calculations on the noble gases.

We will only consider the atoms and molecules that Cheng  For CO, the theoretical data, calculated using second-order
et al. used for calibration. In each case we will briefly describe Mgller—Plesset (MP2) theor¥ linearized coupled-cluster
the ab initio techniques that have been used to determine thedoubles theory (L-CCD)! and CASSCF wave functior8,
magnetizability and argue why we have included or excluded scatter from—12.79 ppm cgs te-13.11 ppm cgs, with an MP2
that value in our fit of the experimental PGA response. We will estimate for the rovibrational correction of 0.06 ppm &ys.
only consider atoms and molecules for which there exist Although the MP2 and CASSCEF results are in good agreement,
calculations with an accurate treatment of electron correlation We find the disagreement with L-CCD disturbing and the spread
effects and in the case of molecules rovibrational effects have to be too wide, and have for this reason chosen not to use the
been accounted for. In Table 1 we have collected the magne-magnetizability of CO in the fit. We will instead use our new

tizabilities estimated by Cheng et al. from their experimental fit to reevaluate the magnetizability of CO in order to compare
the performance of the different methods used for calculating

* Corresponding author. the magnetizability of CO.
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For CH,;, we have obtained a CASSCF magnetizability of point vibrational corrections) was 10.57 ppm cgs, in close
—19.16 ppm cgs, obtained with a wave function similar to that agreement with the L-CCD result.
used for neon (the two systems are isoelectroficfhe In summary, we believe that modern ab initio data for small
correction due to zero-point vibrational motion calculated with molecules today are of an accuracy higher than that of the older
the same MCSCF wave function i50.20 ppm cgs? and we magnetizability measurements still often used to calibrate
thus estimate the magnetizability of ¢itb be —19.36 ppm modern experimental determinations of magnetizabilities. On
cgs. this basis we have recalibrated the recent magnetizability of

For CQ, we are only aware of an MCSCF investigation using fluorine determined by Cheng et aland we propose that a
London atomic orbitals and a modest-sized active space. more accurate value based on their experimental data would be
Although electron correlation is considered (the correlation effect —10.03+ 0.06 ppm cgs. We have also proposed new experi-
being a modest 0.15 ppm cgs), we cannot consider this wavemental estimates for the isotropic magnetizability of CO and
function to be accurate enough for our purposes. Furthermore,CO,, and it would clearly be of interest to verify our proposed
we are not aware of any estimates of the rovibrational correc- recalibration through high-level ab initio calculations of the

tions to the magnetizability of this molecule. magnetizability of CO, | and CQ.
The two fits we have used (with and without the inclusion
of the datum for CHj include the data for He, 5INe, and Ar. Acknowledgment. This work has received support from The

The two fits are almost identical, indicating the good quality of Research Council of Norway through a postdoctoral grant to
our CH; calculation. With CH included in the fit (the fit without K.R. (Grant 125851/410), and the Program for Supercomputing
CH, included is given in parentheses), we get an intercept of through a grant of computer time. This work was supported by
3850.57 ppm (3849.60 ppm) and a slope of 312.53 ppm (312.26the National Science Foundation (U.S.A.) through Cooperative
ppm), and in both cases with a correlation of better than 0.99988. Agreement DACI-9619020 and by Grant CHE-9700627.
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