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Reply to Comment on Molecular Mechanics for molecular orbital methods should simply be labeled EMO, but

Chemical Reactions given the fact that “EVB” has now become associated with a
specific empirical formalism, one should probably restrict the

Donald G. Truhlar acronym EVB for methods that are essentially the same as the

specific method that is widely associated with the name, i.e.,
the method of Warshel and Weiss.

Department of Chemistry and Supercomputer Institute, - .
P y P P Florian states that the MCMM acronym fails to convey the

University of Minnesota, 207 Pleasant Street S.E.,

Minneapolis, Minnesota 5545943 qguantum character of the method. Actually, the “C” in MCMM
denotes “configuration” in both the VB and MM sense as a
Receied: Nawember 28, 2001; In Final Form: bonding pattern (as in Rumer diagrdif)sand also in the
February 22, 2002 configuration interaction (Cl) sense of quantum mechanics (as

in valence bond configuration state functiddd# which are
many-electron wave functions). The prefix MC, denoting
tun{nulticonfiguration, is widely used as a prefix for quantum
h. mechanical methods, as in MCSEF®

Florian states that the only conceptual difference between
MCMM and EVB or AVB is that MCMM does not presently

Floriant has submitted a Comment discussing our recent
pape? on multiconfiguration molecular mechamié{MCMM)
and some related issues concerning other combined quan
mechanical/molecular mechanics (QM/MM) methods and met
ods for predicting potential energy surfaces (PESs) that are
motivated by valence bond (VB) theory. The Editor has . NN . .,
indicated that a published reply might be of interest, and so | Include solvent effects. He also states his opinion that “MCMM
have prepared these remarks. | will take up various points raisedS0uld be replaced by "EVB” or *AVB". | will comment on
by Florian in approximately the order that he raises them. this suggestion in response to the Editor s invitation to reply.

Florian indicates that it is unfortunate when there is more MY Comment consists of comparing the main elements of EVB

than one name or acronym for two methodologies differing only and MCMM. According to Warshef, his main contributions

in the fitting procedure for obtaining Hamiltonian matrix to the EVB methoc.zl.are .
elements. | disagree. As an example from another field, it is _*the use of empirical VB theory to extend MM to chemical
very useful to have separate names for MNDO and AM1, which "€actions, o .

are both semiempirical molecular orbital (SEMO) metHdat eusing mixed diabatic states so that the overlap integrals are
differ only in the formalism for such matrix elements. Indeed, €liminated, L

it is very fortunate that we have separate names for CNDO, *Using a calibration on the energy of fragments for quantitative
INDO, and PRDDO as well, since simply calling all these studl_es of large molecules (e.g., enzymes) and molecules in
methods SEMO would hide critical distinctions that can be Solutions,

conveyed concisely and clearly by simply calling each method ~ *showing how to use EVB for transferring PESs between
by its own name. The use of appropriate and distinct names for €nvironments (e.g., agueous solution to enzyme) by adding
methodologies based on significantly different fitting procedures solvent effects to the diagonal Hamiltonian matrix elements.
enhances our ability to communicate clearly and does not detract T0 these | would add that in most EVB calculations, the off-
from understandability, as Florian believes. diagonal elements are represented by simple functional forms

Florian implies that the approximate VB (AVB) methodology (& constant or a single exponential function of a single
of Bala et af~7 should be called EVB, which denotes an coordinate) whose values or parameters are determined empiri-
empirical VB metho8 1! introduced by Warhsel and Wei&s.  cally by comparison to experimental kinetics data.

Florian himself calls EVB a trademark; trademarks are legally ~ The central elements of MCMM are

restricted to the use of the owner or developer, but it is not  euse of a multiconfiguration formalisn!218-40 to extend
correct to treat EVB as a trademark, so it is legitimate to ask if MM to chemical reactions,

AVB is essentially the same as EVB. Bala et al. state that “AVB  suse of the Taylor series formalism of Chang and Mfftet?

is similar to the EVB approach but uses ab initio rather than to represent off-diagonal Hamiltonian matrix elements locally
empirical parametrization”’Florian implies that methods that  in terms of energies, gradients, and Hessians of the diagonal
represent parts of the system by adding molecular mechanicsmatrix elements and of the PES and thereby to obtain the
potentials to Hamiltonian matrix elements and that share two required local approximations to the PES from electronic
other features of EVB should be called EVB, without com- structure theory (not from experimental kinetics data, which does
menting on the critical difference mentioned above that was not yield this information),

singled out by Bala et al. In my opinion, it is reasonable that  sjoining the local approximations together by Shepard
they used a new name for their method to distinguish its interpolation?445

underlying assumptions from those employed in the method A critical practical element that we introduced for the last
called EVB. step is the use of internal valence coordinates to eliminate

Florian, citing a 1980 papérstates that Warshel coined the ambiguity in orienting the various local coordinate frames. The
acronym EVB. This may be true, but the phrase “semiempirical use of electronic structure theory rather than experimental
valence bond” is older, and it appears in a review article as kinetics data to determine the values of non-MM parameters in
early as 19712 The words “empirical” and “semiempirical”  the theory is a significant conceptual difference from EVB in
are often used interchangeably. It is potentially confusing to that the MCMM formalism allows one to attempt to refine all
name a method with such broadly encompassing language, sincaspects of the PES, whereas experimental kinetics data mainly
one may be unclear whether the term is used with its everydayallows one to fix the free energy of activation or the barrier
descriptive meaning or the term is used as a name of a specificheight but does not provide a good handle on other aspects of
method. It would be counterproductive to insist that all empirical the PES. Thus the EVB method can lead to significant errors
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on the entire potential energy surface except for three points, pigeonholing new advances from interdisciplinary subfields into
the reactant, transition state, and product that are fitted to theoversimplified categories derived from a single biochemical
experimental effective barrier height and reaction energy. perspective.

It is well-known, for example from studies employing It is useful to comment on the relationship of EVB, AVB,
diatomics-in-molecules (DIM) theory, that approximating po- and MCMM to other semiempirical VB methods. EVB, AVB,
tential energy surfaces for chemical reactions in terms of and MCMM use semiempirical MM for diagonal Hamiltonian
fragment data can be quantitatively inaccurate due to the slowmatrix elements that may be associated with basis states that
convergence of Cl expansions and the resulting sensitivity of correspond to definite bonding structures, i.e., with VB basis
the results to truncating the configuration list at a small number states. (Orthogonal mixed valence bond basis states are implied
of states or even 0n|y two stat&s2®40 Sometimes more than in all three formalisms and have also been used in earlier

two states are required even for a good zero-order descrip-Work*9) AVB and MCMM use electronic structure theory to
tion.32-40.4647 |t js important to emphasize that the MCMM  determine off-diagonal matrix elements, and this may be either
method does not rely on the completeness and resulting@b initio or semiempirical (e.g., the semiempirical G2 or MCG2
predictive quality of the reduced-state description as minimal- methods*>>or DFT *® most versions of which have empirical
basis DIM theory does; the use of target-level adiabatic energies€lements). EVB, in contrast, is parametrized against experi-
(and their partial derivatives) to fit off-diagonal elements in the mental kinetics data. This distinction is reminiscent of a

region of partially broken bonds is the key new element in this distinction emphasized by Johnstémany years ago between
regard. empirical theories of PESs where the empirical data comes from

kinetics and empirical theories of PESs “with the empiricism
outside the field of kinetics.” The history of semiempirical VB
theories contains many methods that can be parametrized either

Florian refers to the “excellent performance” and “excellent
numerical results” of parametrized VB methods for predicting
PESs, but he does not give any references for this claim, and it
is worth noting that, away from the three fitted stationary points,
PESs predicted by parametrized VB methods have not been . . .
extensively validated against either experiment or more accurateOf ideas. In this respect | note that the_mtramolecular terms in
theory for systems with more than three atoms. The EVB molecular mechanics are the same kinds of terms that spec-

method was developed as a way to predict a PES by using MM troscopists were calling \{alengt_a force fickislready in th?
plus experimental Kinetics data in one medium (e.g aqueous194Os or earlier. The semiempirical use of valence force fields
solution) and then to adapt that PES to another meoiium (e.g.,along with valence_ bond th_eory to model p(_)tentlal energy
an enzyme). It is especially useful for modeling the participation sgrfaces df%r cglef?;mahl rehactlons of poWT%"l'ﬁ stﬁemes_ was
of solvent or protein polarization in the reaction coordinate. At pioneered by Raft, who, however, preésented the theory in a

the same time it incorporates important physical approximations less general way th'an EVB has been presented. Other related
such as a truncation to two valence bond states, neglect Ofmethods that comb_lne Mlg/i and VB elements are the MMVB
overlap, neglect of the effect of bond rearrangement on fragmentrT]e(jthc’cjdc;’;c gfmardl' et .éﬂ' and MOVB/ Mt\/l method of I\;I]o d
matrix elements, and approximating the off-diagonal Hamilto- ﬁ? ,[C;a - tt's ﬁso |mportantt to noter: at s?mel met Ob s,d
nian matrix elements and the internal solute part of the diagonalfI c lese, actualy :Jse quan UT T_Ie(? antl)ca v%ence on
ones as independent of environment. To date, MCMM has been ormulas (or ‘equivalent spin-only Heisenbeigerber-type

presented as a method for fitting a gas-phase PES to electroniyam'lton'ans) in detail, whereas other methods simply use the

structure data. It does not introduce new physical approximations g?ennigg':s ggrfgsnf:)gnudri?]t'otg sltnz;tirssciﬁn dgvﬁlr:?[e%gr?gi?]al crr?a?gger
of its own but rather inherits the physical approximations of P 9 9 '

the implicit PES that it fits. In MCMM, all aspects of the implicit Itmay be challenging to keep the names and details of all these

target PES (not just the barrier height) are fitted, and in principle, Lneitggg: \;z:lcr)irgus?i;?gtecﬁggufso?%or%ut}ir:}nls &Tﬂp?;gn;ntg ednc: ?r?
even though the formalism involves 2 2 matrices, the fit 9 g o P

L ; ._cal parameters may be useful at different times, depending on
converges to a precise interpolation of the target-level electronic L : . ;
. . ? - .. the objective of the work, the size of the system, the information
structure data as the input grid becomes finer. Certainly, if .
: - available, and so forth.
solvent effects (environmental effects) were treated in a manner In all our published work to daté we have used MME
similar to EVB theory, MCMM would become more similar to P

EVB (and to some other theorf€s®3), but it is hard to imagine Ejg\fvté(\)/r:l tﬁ);mz rf]g: gr']aggggll' til-et?melllrttogﬁﬂemrw?gtlﬁogl-e;r]]enl\t/lsﬁ/l
a way to do this such that they would not still be different in ’ P - any

very significant ways. potential function may be used.

Florian’s Comment is directed in part to “the image of  Acknowledgment. | am pleased to thank Jiali Gao, Marshall
computational biochemistry”, but our papgfsvere not about  Newton, and Arieh Warshel for informative discussions and
biochemical applications, except for references where we gave .o mmunications on the subjects of this reply. My work on

extensive (but not exclusive) credit to biochemical EVB \icMmM is supported in part by the U.S. Department of Energy.
antecedents in the work of Warshel, Weissgist, and others.
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