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In a recent communicatidrRozyczko and Bartlett an- In the following we show that beyond linear response
nounce the implementation and application of the equationEqg. (1) is incompatible with the generic definition of
of-motion coupled cluster method for frequency-dependenEOM-CC response properties, that in the limit of a complete
hyperpolarizabilities of any order and any process. Their forcluster expansion the correct full Cl result is not reproduced
mulation is based on an open-ended formula for thewith Eq. (1) beyond linear response, and that the results ob-
equation-of-motion coupled cluster hyperpolarizability, tained by Eq.(1) are strongly nonsize extensive. Further-
which was presented without derivation or reference: more, we point out the fact that Eql) breaks the time-
reversal symmetry and we discuss the implications.

In the Cl-like equation-of-motion coupled cluster
- method frequency-dependent properties maybe generically
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—(0|(1+A)q0), with A=, 7" . Using a more explic-

by its EOM-CC approximation:
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with the summationg; , »; over the manifold of single and

double excitations with respect to the Hartree—Fock refer{(q,;q:,92))w, 0,

ence state [1)=7,/0), (»|=(0|7}) and RSo(w)=[—(A K X X
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where g;=q;—(0|q;|0). Applying the recipe described Which is compatible with Eq(1) and the expressions given
above, one obtains for the EOM-CC linear response funcin Refs. 4 and 5. For the quadratic and cubic response func-
tion: tions we obtain:
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Apart from the signs of the frequency arguments, the generic
EOM-CC quadratic and cubic response functions differ from BrsN0)= 62 73 EOMCC(O)E £t (12
Eqg. (1) in two points:

(1) In Egs.(9) and(10) appear matrix elements of the form and
(v[G (7, ¢,,)|0), whereas in formuldl) or (2) the JEOMCC () 242 7j 222 4 GEONCS )
matrix elements »;[G/ 7, |0) are used; Vazzz ez

(2) Formula (1) neglects renormalization terms which ap-
pear in the exact state and the generic EOM-CC response XD (s —12a52MC90)
functions beyond quadratic resporifiee second term in w
Egs.(7) and(10)].

The terms neglected in Eq1) are usually nonvanishing.
This is easily seen, if one considers the static hyperpolanz
abilities B,,(0) and y,,£0). If we define the vectors;M
=(0[(1+2,¢,7))Z"| u) and

2 {Mtzz-l-E ZREC(0)12, (13

Equatlon(l) includes for both properties only the first term:
Bref0)=62, 75127 and y5r,£0)= 242M77#tizz. The ne-
glected terms will usually be nonvanlshmﬁﬂgﬂt will be

nonzero for molecules with a nonzerocomponent of the

dipole moment and the third term foysorac(0) persists
2= Y REs, (0) (12" 1) even for systems with spherical symmetry. The neglected
Ml”lﬂ:i ) terms can also not be expected to be small: For the hydrogen
fluoride molecule we have computey,,, tZ using a CCSD
xRS, (0)REC, (0)(w|27[0) (1)  wave function and the t-aug-cc- pVTZ badis (Ryr

=1.7328 a.u.) and obtained a result of 0.034. If this is com-
bined with the experimental value for the static polarizability
the static EOM-CC hyperpolarizabilities can be written as: «,,0)=6.4 a.u.}! one obtaines for the term neglected in
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BRB(0) an estimate of 80.034x6.4 a.u=0.65a.u. Com- that this effect would vanish in the one-particle basis set
pared to the result foB,,{0) in the t-aug-cc-pVTZ basis limit. We note that orbital relaxation effects are not related to
(9.84 a.u) given in Ref. 1, this means an error 6% in basis set insufficiency but are rather a correlation problem, as
addition to the intrinsic errors of the EOM-CCSD method has also many times previously been pointed out by one of
and basis set errors. the authors of Ref. 1. The effects of orbital relaxation persist
In the limit of a Comp|ete cluster expansion, the genericin the Complete one-electron basis set Ilmlt, but vanish in the
EOM-CC response functions converge to the full ClI resu|t_full ClI limit since the full Cl wave function is invariant
Since the terms neglected in E@) are generally nonvan- under orthogonal transformations of the orbital basis.
ishing, this expression must converge to a wrong limit when  In Table Il of Ref. 1 the authors list static hyperpolariz-
the cluster expansion approaches Comp|eteness_ The terrﬂgi“ties for various basis sets which according to the table
neglected in Eq(1) are not size extensive. Thus in the ge-caption and the explanation in the text are CCSD and
neric EOM-CC expressions these terms cancel against noﬁ:CSHT) finite field results obtained with relaxed and unre-
size extensive contributions in the first term. The latter nonlaxed orbitals. The unrelaxed CCSD results are also listed in
size extensive contributions are included in E¢). Table I in the rows for3,(0) andy,(0). Thetext to Table |
Therefore, this approximation is strongly nonsize extensivestates that the results in Table | were obtained using(Bq.
The terms neg|ected |ﬁ andysca|e WithNgIectrons Assum- and we expect that the unrelaxed CCSD results in Table Il
ing the same prefactor as for HF one might expected alreac¥yere obtained using Eq1). This, however, raises the ques-
for medium-sized organic molecules like benzene or butadition about the meaning of the unrelaxed CG¥PDresults as
ene, with about 30 electrons, errorss20%. in the unrelaxed approach the Hartree—Fock orbitals are not
For a truncated cluster expansion a|ready the generiganonical when a field is applled and canonical orbitals are
EOM-CC response functions are not size extensive, as i8ssumed in the definition of the CC8D model.
demonstrated in Ref. 5. In addition, for a truncated cluster
expansion the coupled cluster sté&C) and the biorthogo-
nal stateg(0|(1+A))e™ T are not each others complex conju- *P. Rozyczko and R. J. Bartlett, J. Chem. Piy&7, 10823(1997).
gate and the EOM-CC resolvent Operat%lf'OMCC(w) and 2p. B. Rozyzcko, S. A. Perera, M. Noojien, and R. J. Bartlett, J. Chem.
the matrixR““(w) are not .h_ermitiar(nor are they the simi- 3Jp_hz_s‘slt(;7r;tgz\3:r$9§_7)j_ Bartlett, J. Chem. Plogs 7029(1993.
larity transformed of hermitian operators and matricés a 4J. F. Stanton and R. J. Bartlett, J. Chem. PI9@.5178(1993.
consequence, the EOM-CC response functions and also thtR. Kobayashi, H. Koch, and P./dnsen, Chem. Phys. Le219 30

; ; ; A (1994.

response functions ,?f.med by B8) will not obey the time 6J. Olsen and P./dgensen, “Time-dependent response theory with appli-
reversal Symmetr% €., cations to self-consistent field and multiconfigurational self-consistent
<< . >>EOMCC/RB + (<< . >>EOMCC/R *. field wave functions,” inModern Electronic Structure Theqgrgdited by

Go:01:---n)) 0y, w, Q001+ Gn)) ey, 0y )5 D. R. Yarkony(World Scientific, Singapore, 1995Vol. 2, Chap. 13, pp.

857-990.
. . 14) D. M. Bishop, J. Chem. Phy4.00, 6535(1994.
for frequency-dependent hyperpolarizabilities this means f.x.sg 3 o and J. F. Ward, Mol. Phy20, 513 (1971).
BﬁHG(w) =Bi(—2w;w,w)# ,BHSHG( —w) 9Note that the expressions for the exact state response functions beyond the
In addition to our concern about the inadequacy of Eq. quadratic response can no longer be put into a single term, if the reduced

(1) for the calculation of frequency-dependent hyperpolariz- resolventR(w) is used. An open-ended one-term formula can only be
e . . obtained, if in the resolvent the ground state O is included in the summa-
abilities, we have two comments to more detailed points of tion (Ref. 7. Such a formula, however, contains secular terms which
the letter by Rozyzcko and Bartlett: diverge in the static limitRef. 7.
Rozyczko and Bartlett mention twice in Ref. 1 that or- 1‘1’2 E. Woon arll(d T. H.dDungingl, J. ChCerr]n Ph)‘tr?;l}s 292753((152)%%-
; ; ; ; ; —~G. H. F. Diercksen and A. Sadlej, J. Chem. PH§5.1253(1981).
bital relaxation iszects vanish in a complete ba_13|s, but cong, g Hittig, O. Christiansen. and P/dnsen, Chem. Phys. Leg69 428
clude that they “do not seem to approach that in the current (1997

calculations, even in the p-aug-cc-pVTZ basis,” implying **T. B. Pederson and H. Koch, J. Chem. PH}86, 8059(1997).



