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In a recent paper we presented Hartree-Fock (HF) calculations for aliphatic organothallium compounds. 
The diagonal HF force constants obtained from a Fletcher-Powell geometry optimization are now used 
for a normal-mode analysis of TlCH,, Tl(CH,),+, T1(CH3),, T1(CHJ2Br, and Tl(CH3)c. In order to calculate 
frequencies comparable to experimental values, the HF force field has been scaled by using scaling factors 
obtained from experimental infrared and Raman measurements on T1(CH3)2+ and TlBr. The vibrational 
spectra of Tl(CH3)2+ were remeasured (infrared and Raman) in order to obtain an accurate force field. 
Predictions are made for the vibrational spectrum of the as yet undetected TlCH, molecule. Experimental 
infrared and Raman results for T1(CH3), compare reasonably well with our calculated frequencies (ex- 
perimental v,,(Tl-C) = 450 cm-', v,,(Tl-C) = 465 cm-l, v,,(C-H) = 2917 cm-l, v,,(C-H) = 3020 cm-l; 
scaled HF u,,(Tl-C) = 488 cm-', v,,(Tl-C) = 514 cm-', vSp(C-H) = 2892 cm-l, Y, (C-H) = 2999 cm-l). 
Relativistic and correlation effects are analyzed for the vibrational frequencies ~ f i l ( C H , ) ~ + .  

1. Introduction 
Currently, accurate theoretical vibrational frequencies 

can only be obtained for small molecules containing light 
atoms. This requires very time consuming ab initio 
quantum-chemical methods that must include electron 
correlation by CI (configuration interaction) or other 
techniques.' For larger molecules containing heavy atoms, 
there are a number of difficulties that must be overcome 
before such calculations can be carried out. (i) The ac- 
curate calculation of the correlation energy is necessary 
to achieve reasonable force fields but is very costly in 
computer time and disk space. (ii) The analytical calcu- 
lation of the second-derivative matrix of the total energy: 
required to obtain a complete force field, is also very time 
consuming and is not yet practical. (iii) Often the har- 
monic force field approximation is not sufficient to obtain 
accurate frequencies. (iv) For very large molecules or very 
heavy atoms (more than about 100 electrons) the SCF 
procedure itself begins to be time consuming, and a direct 
SCF procedure has to be used to avoid large amounts of 
two-electron integral storage. (v) Relativistic effects must 
be included in calculations on heavy elements.2 For ex- 
ample, the molecule T1(CH3)2Br contains 10 atoms and 134 
electrons. Using a sufficiently large basis set with diffuse 
functions for correlation and a gradient procedure for 
geometry optimization, including correlation by a CI 
procedure with only double substitutions and a suitably 
limited active space, would not be practical with the com- 
puter and program codes currently available. There is 
therefore a need for appropriate approximations to com- 
pute vibrational frequencies of good quality for larger 
molecules. 

The number of electrons involved can be reduced by 
using the pseudopotential method, which can also include 
relativistic effects if the pseudopotential parameters are 
adjusted to Dirac-Fock (DF) atomic dahs4 Such methods 
yield results that are nearly as accurate as all-electron 
calculations and have in the past been used for a large 
number of  molecule^.^ For example, with a [Pt] core for 
Tls and an [Ar 3d1°] core for Br,' Tl(CH3)2Br has been 
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reduced to a 28-valence-electron system.8 However, even 
when sufficiently large basis sets are used for all atoms, 
including pseudopotentials, a CI procedure is still too time 
consuming. 

It is well-known that the Hartree-Fock (HF) procedure 
usually yields good results for the molecular structures of 
relatively stable molecules. This is not the case for force 
fields, since HF is not able to describe the dissociation 
behavior satisfactorily. Hence, HF often systematically 
overestimates the force field for organic molecules? 
Meyer, Pulay, Blom, and Altona suggested a scaling of the 
HF force field set.1° In this procedure the set of diagonal 
force constants kii are scaled by coefficients ci and off- 
diagonal terms kij  by ( c i c Y 2  to give the best agreement 
between calculated and oLserved vibrational frequencies 
for a set of reference molecules. These scaling factors are 
used to adjust the force fields calculated for similar mol- 
ecules for which experimental data are not available. The 
basis sets must remain unchanged in this procedure. 
Relativistic, correlation, and anharmonicity effects will be 
accounted for in the scaling procedure. Good results have 
been obtained for organic molecules with this method.1° 
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Table I. Vibrational Frequencies for Tl(CH&+ (cm-l)' 
irrreD active exDtl f, f, RHF NRHF main coord 
Al' Ra 2920 2921 2889 3194 3189 C-H str 

486 486 478 507 486 TI-C str 
A2" IR 2923 2922 2889 3194 3189 C-H str 

547 545 534 543 520 TI-C str 
E' IR, Ra 3020 3010 3009 3326 3317 C-H str 

1176 1179 1271 1422 1409 H-C-H bend 

1180 1181 1275 1422 1410 H-C-H bend 

1460 1463 1442 1561 1551 H-C-H bend 
803 803 753 880 837 T1-C-H bend 
160 159 159 140 125 C-T1-C bend 

'The point group used is DBh. Experimental vibrational frequencies are from this work and ref 12. fl values are best-fit frequencies 
obtained from force constants (including off-diagonal force constants); fz values are calculated as for fi but exclude off-diagonal force con- 
stants (SHF). 

In a previous p a p e 9  we reported relativistic HF calcu- 
lations for a series of aliphatic organothallium compounds. 
In this paper we present a normal-mode vibrational 
analysis for this series of molecules (TlCH3, T1(CH3)2+, 
T1(CH3I3, T1(CH3l2Br, and T1(CH3),). In order to com- 
pute  frequencies comparable with experimentally deter- 
mined values, scaling factors obtained from infrared (IR) 
and Raman (Ra) measurements of the reference molecules 
TLBr" and T1(CH3)2+12 have been used. The experimental 
diagonal force fields were determined from the measured 
frequencies. The sc factors fa were calculated by using 

analyses for large organometallic compounds containing 
heavy metals have not been reported extensively in the 
past, and it is of considerable interest to investigate the 
effects of relativity and correlation for such compounds. 
The method used is described briefly in the next section. 
The results are presented and discussed in section 3. A 
summary is given in section 4. 

2. Experimental and Computational Details 
The nonrelativistic and relativistic pseudopotentials and basis 

sets used for the SCF calculations are described in detail in 
previously published papers." The geometries have been op- 
timized by using a FletcherPowell procedure,13 from which nu- 
merical force constants have been obtained." In order to obtain 
the fundamental frequencies, we developed a symmetry-adapted 
normal-coordinate analysis programl6 that determines the vi- 
brational frequencies for each irreducible representation of the 
molecular point group by using Wilson's GF-matrix method.16 

the equation f, = k e x p  9 /kHF. HF vibrational frequency 
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Table 11. Nonrelativistic (km), Relativistic (ka), and 
Experimental (k") Diagonal Force Constants (mdyn/A) 

and Scaling Factors f,u and f,c for the Molecules TlBr and 
Tl(CH&+" 

Q kNR kR f.R f.c 
Stretch 

TI-Br R" 1.310 1.207 1.261 0.921 1.044 
TI-C R 2.155 2.354 2.204 1.092 0.936 
C-H r 5.860 5.888 4.817 1.005 0.818 

Bend 
C-TI-C c 0.067 0.084 0.109 1.264 1.290 
(Tl,H)-C-H a, f l  0.461 0.503 1.091 
Tl-C-H f l  0.204 0.234 0.170 1.147 0.726 
H-C-H a 0.520 0.520 0.446 0.858 

"The geometry and internal coordinates of Tl(CH&+ and the 
combined bending mode (Tl,H)-C-H are described in the text. 
The experimental force constant for TlBr is from ref 11, and that 
for Tl(CH&+ is from this work (see text). 

Figure 1. Internal coordinates of T1(CH3)*+. 

The experimental vibrational spectrum of Tl(CH3)2+ was .re- 
ported incompletely;12 hence, we remeasured this molecule using 
solid Tl(CH3)2Br, prepared by literature methods." Tl(CHS)@ 
has been shown to consist of discrete Tl(CH&+ and Br- ions in 
the solid state.12 The infrared spectrum of solid Tl(CH&+Br- 
was recorded at  ca. 298 K as a KBr disk (4000-400 cm-') or as 
a petroleum jelly mull between Polythene plates (400-50 cm-') 
on a Digilab FTS-60 Fourier transform infrared spectrometer. 
The Raman spectrum was recorded at ca. 298 K with the sample 
enclosed in a glass capillary by using a Jasco R-300 Raman 
spectrometer with a Coherent CR-4 argon ion laser (514.5-nm line). 
The experimental frequencies are collected in Table I. 

3. Results and Discussion 
T h e  calculated nonrelativistic and relativistic diagonal 

harmonic HF force constants together with the experi- 
mental  values for the  molecules TlBr and T1(CH3)2+ are 
given in Table 11. From these we obtain the relativistic 
and correlation scaling factors faR = kR/kNR and f,C = 
kexptl/kR, also listed in Table 11. kNR is the force constant 
from a nonrelativistic HF calculation (NRHF), k R  is ob- 
tained from a relativistic HF calculation (RHF) by using 
spin-orbit averaged relativistic force constants, and ke" 
is obtained by a fit procedure with measured vibrational 
frequences (SHF)."J2 In order t o  accurately fit the initial 
force constants t o  the  experimental frequencies, i t  was 
necessary to include off-diagonal elements in the F matrix. 

(17) McKillop, A.; Elsom, L. F.; Taylor, E. C .  J .  Organomet. Chem. 
1968, 15, 500. 
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Table 111. Calculated Relativistic (R) and Scaled (S) Force Constants (mdyn/A) for the Molecules TICHS (I), Tl(CH& (11), 
T1(CHS)*Br (111) and Tl(CHS)i (IV) 

I IT TTT TV _ _  _ _ _  - .  
R S R S R S R S 

Stretch 
TI-Br 1.577 1.646 
TI-C 1.422 1.331 2.346 2.196 2.441 2.285 1.938 1.814 
C-H 5.754 4.707 5.868 4.800 5.882 4.811 5.935 4.855 

Bend 
TI-C-H 0.144 0.105 0.186 0.135 0.216 0.157 0.157 0.114 

The values used are as follows (in mdyn/A): -0.100 (RR?, 
-0.016 (rr),  -0.075 (Rr) ,  0.006 (ra) ,  0.129 (rj3), 0.089 (rp) ,  
0.08 (RP), -0.03 (Po) ,  -0.02 (ap). The definition of the 
internal coordinates is given in Figure 1. These are the 
same as the values previously published for Hg(CHJ2l8 
with the exception of that of RR', which has been changed 
slightly to improve the agreement with experiment. The 
frequencies obtained with use of the F matrix given in 
Table I1 are in excellent agreement with experiment, with 
errors less than 10 cm-I in the calculated frequencies. For 
the frequency analyses of T1CH3, Tl(CH3)3, Tl(CH&Br, 
and T1(CHJ4- we omitted the off-diagonal force constants. 
This is justified for two reasons. First, the errors produced 
by the scaling method are larger than the changes in fre- 
quencies due to off-diagonal force constants, and second, 
off-diagonal force constanta are difficult to obtain from HF 
calculations as an analytical form of the second-derivative 
energy matrix, for the nonlocal pseudopotentials have not 
been available to our group.8 

It is evident that relativistic effects should be included 
to obtain reasonable HF force constants for molecules that 
contain heavy elements such as thallium. For example, 
the relativistic contributions to the T1-Br and the T1-C 
stretching force constant are much larger than the corre- 
sponding correlation effects (Table I). Relativistic effects 
are only important for the vibrational modes of molecular 
moieties that include at  least one heavy atom (Br or Tl). 
Thus, for the C-H stretching and H-C-H bending modes 
relativistic effects are minor and can be neglected. For 
the T1-C and T1-Br bond stretching force constants, re- 
lativistic and correlation effects are opposite in sense. In 
gold chemistry,lg for example, it is well-known that a re- 
lativistic bond contraction implies an increase in k? even 
if the dissociation energy decreases relativistically. This 
is not the case for the Tl-Br bond, where relativistic effects 
result in a decrease in the force constant. The reason for 
this is probably the small decrease (0.06 A) in the T1-Br 
bond distancez0 resulting from a small relativistic Tl(6p) 
contractions and the relatively large relativistic Tl-Br bond 
destabilization, e.g. D,(NR) - D,(R) = 0.78 eV.zO The 
largest scaling factor obtained for a bond stretch is that 
for the C-H bond vibration. It is well-known from previous 
HF calculations that C-H stretching frequencies are sig- 
nificantly overestimated within the HF  approximation. 

The calculated relativistic and scaled force constantss 
of the molecules T1CH3, T1(CH3)3, T1(CH3),Br and 
T1(CH3),- are listed in Table 111. The scaling factors of 
Table I were used. The H-C-H bending mode is not 
expected to change significantly for different thallium- 
containing compounds; thus, we used the H-C-H bending 
value obtained for Tl(CH&+ for all the compounds. We 
should also point out two other facts concerning our def- 
inition of the internal coordinates in the HF geometry 

(18) Mink, J.; Gellai, B. J. Organomet. Chem. 1974, 66, 1. 
(19) Schwerdtfeger, P.; Dolg, M.; Schwarz, W. H. E.; Bowmaker, G. A.; 

Boyd, P. D. W. J. Chem. Phys., submitted for publication, 1989. 
(20) Schwerdtfeger, P. Unpublished results, 1986. 

Table IV. Calculated Vibrational Frequencies for TlCH, 
(cm-')O 

irrep SHF RHF main coord 
A1 2864 3167 C-H str 

1223 1353 H-C-H bend 
397 411 TI-C str 

E 2969 3283 C-H str 
1412 1527 H-C-H bend 
604 706 T1-C-H bend 

OThe point group used is C3". The irrep's are IR and Raman 
active. 

optimization procedure.s First, the TI-C bond lengths 
have been optimized simultanously. For example, we 
defined the C-T1-C force constant by the potential energy 
expression V = 0.5k(R + R') ,  where R and R' are the 
changes in the T1-C distances. We used a = R + R'with 
R = R'as the variational parameter in the Fletcher-Powell 
geometry 0ptimi~ation.l~ This is related to a symmetric 
C-TI-C bond stretching vibration. The force constant 
' /#E/&z is assumed to be approximately a2E/dRz, which 
is justified given the relatively small magnitude of the 
off-diagonal force constant dzE/dRdR' (vide supra). Sec- 
ond, the TI-C-H bending vibration includes an H-C-H 
bending component and the total force constant obtained 
is a sum of both, indicated as (Tl,H)-C-H in Table I. We 
therefore corrected our HF values8 by subtracting the 
H-C-H bending force constant given in Table I. Harmonic 
frequency analyses for T1CH3, Tl(CH&, Tl(CH&Br, and 
Tl(CH3)4- were performed with use of the scaled and 
corrected diagonal force field. The vibrational frequencies 
for these molecules will be discussed below. 

a-Bonded organothallium(1) compounds have never been 
isolated,2l and possible reasons for this have been dis- 
cussed.* However, it was suggested that such compounds 
might be stable in the gas phase and could be observed 
by matrix isolation spectroscopic methods.8 The calculated 
frequencies for the simplest such compound, TICH3, are 
given in Table IV. The T1-C stretching and T1-C-H 
bending frequencies are quite low compared to the fre- 
quencies of other Tl compounds (Tables V-VII). Methyl 
rocking vibrations usually absorb between 700 and 950 
cm-' and depend strongly on the nature of the M-C a-bond 
(M = any metal).16 For example, the CH3 rocking vibra- 
tions in the alkyl group 1 compounds occur below 500 
cm-1,z2,z3 which reflects a more ionic M-C a-bond. The 
symmetric CH3 rocking frequency in TlCH3 of 604 cm-' 
suggests a weak covalent TI-C a-bond. 

T1(CH3), was first prepared by Gilman and Jones in 
1946.24 Since then, many organothallium(II1) compounds 
have been prepared?' but there has been some discussion 
in the past whether or not the TlC3 moiety in T1(CHd3 has 

(21) Abel, E. W.; Stone, F. G. A. Organometallic Chemistry; Royal 

(22) West, R.; Glase, W. J. Am. Chem. SOC. 1961,83,3580. 
(23) (a) Johnson, E. M. Thesis, University of Oxford, 1971. (b) Downs, 

(24) Gilman, H.; Jones, R. G. J. Am. Chem. SOC. 1946,68, 517. 

Society of Chemistry: London, 1971-1987; Vols. I-XV. 

A. J. Personal communication, 1987. 
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Table V. Experimental" and Calculated Vibrational Frequencies for Tl(CH,)a (cm-I)' 

CS, Dah symb Dah CS, exptl SHF RHF main coord 
A1 A2" a IR IR, Ra 3020 2999 3316 C-H str 

Al' S Ra 2917 2892 3197 C-H str 
A2" a IR 1395 1419 1535 H-C-H bend 
Al' 8 Ra 1141 1269 1409 H-C-H bend 
A2" IR 697 675 790 TI-C-H bend 
Al' Ra 445 488 506 TI-C str 

A2 ... ... ... 2999 3315 C-H str 

E E a IR, Ra IR, Ra 3020 2999 3316 C-H str 
E" a Ra 2984 2999 3316 C-H str 

C-H str E' 8 IR, Ra 2930 2892 3197 
E" a Ra 1429 1419 1535 H-C-H bend 
E' a IR, Ra 1395 1419 1535 H-C-H bend 
E' S IR, Ra 1150 1269 1409 H-C-H bend 
E' IR, Ra 754 674 789 TI-C-H bend 
E" Ra 656 673 788 TI-C-H bend 
E' IR, Ra 462 514 533 TI-C str 

irrep active 

... ... 1406 1518 H-C-H bend 

'The point groups used are CS, and Dsh. * a  = symmetric and a = asymmetric (in the local symmetry of the CH3 group). 

Table VI. Calculated Vibrational Frequencies for 
Tl(CH&Br (cm-')' 

irrep active SHF RHF main coord 
A1 IR, Ra 3002 3318 C-Hstr 

2899 3205 . C-H str 
1522 1530 H-C-H bend 
1384 
724 
504 
222 

A2 Ra 3002 
1522 
722 

B1 IR,Ra 3002 
2899 
1522 
1384 
723 
531 

1468 
844 
521 
217 
138 
3318 
1530 
842 
3318 
3205 
1530 
1468 
843 
549 
163 

H-C-H bend 
T1-C-H bend 
TIC str 
TI-Br str 
C-TI-Br bend 
C-H str 
H-C-H bend 
T1-C-H bend 
C-H str 
C-H str 
H-C-H bend 
H-C-H bend 
Tl-C-H bend 
TI-C str 
C-TI-Br bend 

'The point group used is C& 

Table VII. Calculated Vibrational Frequencies for 
Tl(CH,),- (cm-')O 

irrep active SHF RHF main coord 

1295 1362 H-C-H bend 
A1 Ra 2908 3215 C-Hstr 

446 461 Tl-C str 
E Ra 3017 3335 C-H str 

1527 1532 H-C-H bend 
620 726 TI-C-H bend 

F2 IR, Ra 2959 3272 C-H str 
1350 1361 H-C-H bend 
64 1 744 TI-C-H bend 
471 494 T1-C str 

The point group used in Td. 

a planar arrangement. A recent gas-phase study by Leites 
et al.% suggests a nonplanar structure, but we have shown 
theoretically8 that Tl(CH3)3 is expeded to exhibit a planar 
TlC3 structure. In addition, unpublished IR and Ra 
studies on trimethyl group 13 compounds carried out by 
Johnson and DownsB give strong evidence for a planar 
TICs arrangement. Since the vibrational analysis of this 
compound has not been published and discussed in detail 
in the past, it was interesting for us to perform a frequency 

(25) Lei-, L. A,; Bukalov, S. S.; Kurbakova, A. P.; Golubinskaya, L. 
M.; Bragadze, V. I.; Alekeanyan, V. T. Izv. Akad. Nauk SSSR, Ser. Khim. 
1982, 4, 958. 

analysis using scaled HF force constants as described 
above. The results are given in Table V together with 
those of Johnson and Downs.23 Our calculated results 
agree quite well with experimental results, and this dem- 
onstrates the utility of the scaling method. 

Most of the stable organothallium compounds are of the 
type &TK21 Many are well-known to be salts of the type 
QTl+X-. Tl(CH3)2Br has not been studied in but 
is has been shown from X-ray measurements by Hausen 
and co-workers% that the solid-state structure is similar 
to that of Tl(CH3)2C1, which contains discrete C1- and 
linear T1(CH3)2+ ions. However, in the gas phase the 
structure must be molecular T1(CH3l2Br units. The 
molecule has not been studied in the vapor phase, and 
solutions of this compound are difficult to obtain since 
T1(CH3)2Br is very insoluble in common solvents. Reasons 
for this are given in ref 8. The calculated frequencies of 
T1(CH3)2Br are listed in Table VI. The only measured 
T1-Br stretching frequency in organothallium(II1) com- 
pounds is that of PhTIBrz with a value of 206 cm-l,n which 
compares very well with our calculated value of 222 cm-'. 

LiT1(CH3)4 can be prepared from the reaction between 
LiCH3 and T1(CHJPm This compound is reported to be 
a light-sensitive salt, which is more reactive than 
LiT1H.,.28*29 With the exception of NMR measurements 
by Weibel and Oliver,30 T1(CH3)4- or related species have 
not been studied in detail by spectroscopy. Theoretical 
work suggested (ref 8 and references contained therein) 
that MT1(CHd4 (M = Cs, T1) should be more stable than 
the known lithium salt (M = Li). Our calculated fre- 
quencies are listed in Table VII. The irreducible repre- 
sentation F1, which is not Raman or infrared active within 
the selection rules of an ideal harmonic oscillator, is not 
listed in the table since the frequency analysis produces 
the same frequency values as shown for the representation 
E. 

4. Summary 
Vibrational spectra for several organothallium com- 

pounds have been obtained with use of scaled HF fre- 
quencies. The scaling factors have been calculated from 

(26) Hausen, H. D.; Veigel, E.; Guder, H. J. 2. Naturforsch. 1974,29B, 
269. 

(27) (a) Asthana, B. P.; Pathak, C .  M. Spectrochim. Acta 1985,41A, 
1235. (b) Solomonik, V. G.; Krasnov, K. S. Zh. Prikl. Spectrosk. 1974, 
21,360. 

(28) Weibel, A. T.; Oliver, J. P. J. Am. Chem. SOC. 1972, 94, 8690. 
(29) Weibel, A. T.; Oliver, J. P. J. Organomet. Chem. 1973, 57, 313. 
(30) Weibel, A. T.; Oliver, J. P. J. Organomet. Chem. 1974, 74, 155. 
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experimentally determined vibrational spectra of 
Tl(CH&+ and TlBr. The calculated frequencies for T1- 
(CH,), are in good agreement with the measurements of 
Johnson and Downs. The vibrational spectra for the as 
yet unmeasured gas-phase structures of TlCH,, 
T1(CH3)2Br, and T1(CH3)4- are predicted. Scaled HF 
frequencies may have deviations up to 10% compared to 
experiment but are certainly useful for the prediction of 
infrared and Raman data for organometallic compounds 
and the assignment of spectral bands, which would nor- 

mally require the preparation of isotopically substituted 
molecules. 
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Ah41 has been parametrized for aluminum. Calculations are reported for a number of molecules containing 
aluminum. The results are better than those given by the MNDO or PM3 models. The technique used 
by Stewart to parametrize PM3 is criticized. 

Introduction 
Aluminum is an important element, in both chemistry 

and chemical technology. Organoaluminum compounds 
in particular have proved of major interest and value as 
catalysts and in organic synthesis. There is therefore a 
clear need for a theoretical treatment of aluminum com- 
pounds that could be used in conjunction with experiment 
to interpret their chemical behavior. As usual,l ab initio 
procedures are of limited value in this connection because 
of the computing time required by those of adequate ac- 
curacy. 

This need has been met in organic chemistry by the 
parametric ("semiempirical") methods developed by our 
group, i.e., MIND0/3,2 MNDO,, and AMl,4 AM1 being 
the latest and most effective. Tests6 have shown AM1 to 
give results comparable with those from ab initio methods 
that require thousands of times more computing time, and 
the calculations can be carried out very easily, compre- 
hensive easy-to-use computer programs being freely 
available (AMPAC~). However, while MNDO parameters 
for aluminum have been available' for some time now and 
have proved the errors in the MNDO heats of 
formation (AH,) tend to be rather large. Furthermore, 
MNDO suffers from well-known deficiencies that have 
been overcome4 in AM1. 

We therefore decided to parametrize AM1 for alumi- 
num. Here we report our results. In the meantime, 
Stewart has describedg a new version of AM1 that he terms 
PM3 and that contains parameters for aluminum. Various 
points concerning this are discussed below. 

Procedure 
The techniques used here to optimize the parameters 

in semiempirical treatments have been described in de- 
tail.'O However, some further comment seems appropriate 
in view of two recent papers by StewartgJ1 describing a 
procedure that he claims to be simpler and more effective 

'Current address: University of Missouri a t  Kansas City, De- 
partment of Chemistry, Kansas City, MO 64110. 
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than the one developed by our group. 
Optimization of parameters involves minimization of an 

error function (SSQ) consisting of a sum of the squares of 
the weighted errors in various properties of a selected basis 
set of molecules. In our approach, the basis set consists 
of a limited number of molecules and properties, chosen 
to provide a balanced sample of the various known types. 
The weighting factors and the properties and molecules 
in the basis set are determined by trial, the choice being 
based on the chemical acceptability of the results for as 
many additional molecules and properties as the available 
data will allow. A further problem is the fact that the 
parameter hypersurface, defining SSQ as a function of the 
parameters, has numerous minima. The minimum reached 
in a given optimization depends on the initial values as- 
sumed for the parameters. Since there is no way to tell 
whether or not a given minimum is the optimum one and 
since there is no systematic way to escape from one min- 
imum to another, parametrization can involve an enormous 
amount of computation. 

Stewart, on the other hand, claimssJ1 that optimum 
results can be obtained by a single minimization if enough 
molecules and properties are included in the basis set. 
According to this view, parametrization can be made 
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