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Four isomers formed by a gold atom attached to a pentacene molecule were investigated by density
functional theory due to their potential applications in molecular electronics. The aim of our study is to
shed light on the bonding nature and interaction between gold and carbon, to estimate the influence of
gold atoms on the electronic spectrum of the pentacene, and to predict second-order nonlinear optical
(NLO) properties. The results show that the gold and carbon atom of systems 1 and 2 can form a covalent
bond, which ha# single-bond character. However, there are strong deacceptor interactions between
gold and carbon of systems 3 and 4. The influence of the number of benzene rings on the bonding nature
or interactions is also discussed. Adding a gold atom to the pentacene obviously changes the transition
nature of pentacene and results in an increase in possible transition, especially for systems 3 and 4.
These systems possess moderate molecular second-order polarizabilities compared with the organometallic
and organic complexes. Tlfevalue of system 4 is greater than that of system 1. Thus, subtle variations
in the molecular architecture result in substantial enhancement of the second-order NLO response. In
view of high transparency and the modergtealues, our studied systems could become a kind of potential
second-order NLO material.

1. Introduction observed. One is that the gold atom is attached to the central

. ring of pentacene (6-gotdpentacene). The other is that the gold
Chargg transport in molegules ha}s beco"?e a process Ofatom is slightly off-center (5-goldpentacene). They also found
gene_ra_l Interest in view of its p053|_ble appllcatlons n the that the addition of the Au to the molecule is electrophilic, as
promising field of molecular _electronlbsand Importance In there is net charge transfer to Au due to the larger electrone-
biological system3.One of the important factors that can affect gativity of the gold atom than that of the pentacene molecule.
such charge transport is the coupling of electrons to molecular-l-hiS feature suggests these complexes may have large nonlinear
motions? The recent spectacular progress in carrying out

. . . optical responses.
scanning tunneling microscopy (STM) and spectroscopy (STS) Pt P

. A, Having been rapidly developed over the last four decades,
of adsorbates on ultrathin, insulating films supported by metal . e »
AP ' novel NLO materials are still in great demand due to the critical
surfaces has opened up a new fascinating field in atomic-scale

sciencé’ This field is of key importance, for example, in the role that they are playing in contemporary photonics devices.

realization of any future atomic-scale electronics that will There are 'three generic classes Of. NLO materials: inorganic
. - ' salts, semiconductors, and organic compounds. Each class
necessarily be based on nanostructures hosting confined elec: ;
tronic states, which are insulated from the environment by possesses Its own com_ple_ment of fayorable and unfavorable
nanostructured, wide band gap materials. Recently, Repp an tiributes for NLO applicatiof.Inorganic ;alts have a 'arg?
co-workers found that a covalent bond between an individual 2 oParency range, are robust, are available as large single

rystals, and suffer very low optical losses, but the purely
pentacene molecule and a gold atom was formed by means o ; ) .
. . I . : . electronic NLO effects are often accompanied by those arising
single-molecule chemistry inside a scanning tunneling micro-

scope junctiorr. Two different structural isomers can be frp m.lattlce distortions; response times are SIO.W; aqd synchro-
nization of the phase of the interacting optical fields is not easy

to satisfy’ NLO response of semiconductors originates from
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properties for a given nonlinear optical process, high laser The molecular geometries were optimized by using the hybrid
damage thresholds, low dielectric constants, fast nonlinear B3LYP functional!é Basis sets of SDD containing relativistic effects
optical response times, and off-resonance nonlinear optical for Au and 6-31G* for C and H were applied. Large savings can
susceptibilities comparable to or exceeding those of ferroelectric be made by using the PP basis sets, because the valence part is
inorganic crystald® Organic materials have several disadvan- Still treated ab initio and the inner nodes of _the Wavgfunctions will
tages: low-energy transitions in the LBVis region enhance ~ be smoothed ouf. Time-dependent density functional theory
the NLO efficiency, but result in a tradeoff between nonlinear (TPDFT) is one of the most popular methods for the calculation
efficiency and optical transparency; they may have low thermal of excitation energies in quantum chemistry due to its efficiency
stability and (in poled guesthost systems) they may undergo and accuracy. It ha_s bee_n used to study the electron spectra of
a facile relaxation to random orientatiénThe limitations numerous systems including closed-shell and open-shell systems.

identified above spur investigations of novel NLO materials. By now, the accuracy a_nd reliability of spin-unrestricted tme-
dependent density functional theory for open-shell systems have

Recent study ShOWS that o_rgano_metalllc complex_es offergreaterbeen tested by studying both the organic and transition mental

scope for creation of multifunctional NLO materials by virtue compounds® The ground states of these systems studied here have

of their greater design flexibility and low energy, yet sometimes v one unpaired electron and thus doublet states. Thus, we adopt

intense electronic transitioris! Moreover, a series of experi- spin-unrestricted time-dependent density functional theory to study

mental-'> and theoretical investigatioison NLO properties e electronic transition energy and transition moment of these

of gold complexes and gold clusters have been done. Thesesystems.

complexes have already exhibited excellent NLO response. We  Then the second-order polarizabilities were calculated by using

hope that these isomers (ApEl14) offer some interesting new  the sum-over-states formut&The expression of the second-order

opportunities for nonlinear optical materials. polarizabilities3 are obtained by application of time-dependent
Recent studies show that density functional theory calculations perturbation theory to the interacting electromagnetic field and

are remarkably successful in predicting a wide range of problemsmicroscopic system, as described in the following:

in organometallic chemistid# In this paper, with the help of

quantum-chemical calculations, it is desirable to obtain the , 1

following information: (1) Determine the most stable of the P _EP("”’ _‘”U’wl’wz)zz

four isomers formed by a gold attached to pentacene; (2) o iﬂ) .
determine the bonding nature or interactions between the Au gl mlttdgn )
and pentacene molecule; (3) study the electron spectra charac- (@mg— @y — 1V (@pg = @1 = V9

teristics of these isomers; (4) predict the nonlinear optical

properties and elucidate the structaproperty relationships Here, {1)gmis an electronic transition moment along ihaxis of

from the micromechanism. the Cartesian system, between the ground state and the excited state;
. (#)ng is the dipole difference equal tog§mn — (i4j)gg @mg is the
2. Computational Procedures transition energy; andw, are the frequencies of the perturbation

Geometry optimization, transition moment, and transition energy radiation fields, andv, = w1 + w, is the polarization response
calculations were performed by using the Gaussian 03 program. frequencyP(i,l; —ws,w1,w,) indicates all permutations iy, wo,
andw, along with associated indicé§k; ymgis the damping factor.
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System 3 System 4

Figure 1. Four possible optimized isomers between the gold atom and pentacene moleculgHAu®ond lengths are given in A.

used this method to investigate the NLO properties of a series of Table 1. Mulliken Atomic Charges of the Au Atom and

. Pentacene
compound#
system Au pentacene
3. Results and Discussion 1 —0.1309 0.1309
2 —0.2454 0.2454
; 3 —0.2295 0.2295
3.1. Structure and Bonding. " _0.2330 0.2330

3.1.1. Geometry StructuresWhen a gold atom is attached
to a pentacene molecule, there are only four possible isomers. Table 2. Energy AE of System 1 Relative to That of Other

DFT calculations on free gotdpentacene complexes without Systems and Dipole Moments (DM)

the NaCl/Cu(100) substrate reveal that these complexes are also  system AE (kcal/mol) DM (debye)

stable and have a similar geometric configuration and bond 1 0 3.4473

lengths, as well as orbitals and charge redistribution, to the 2 2.28 3.8318

adsorbed complexésThus, we do not consider the NaCl/Cu- 3 7.44 3.9797
4 7.27 5.1732

(100) substrate in the following calculations. These optimized
geometry structures are shown in Figure 1. Among these
systems, system 1 has the shortest-@udistance (2.169 A), pentacene molecule, the most effect on the bond length is the
along with data from the experimental determination (2.1 A). benzene ring connecting to the gold atom. This can be ascribed
Clearly, the important structural parameters are well-reproducedto charger transfer from the carbon to gold atom. Moreover,
in theoretical calculations. This suggests that our adopted methodthe 10ss of symmetry results in an elongation (shrinking) of the
and basis sets are reliable in our studied systems. TheCAu  distances between the carbon atoms. Thus, the delocalized
distance of system 2 is slightly larger than that of system 1. degree of the pentacene part is decreased compared to the
The Au—C distances of Systems 3 and 4 are almost the Samepentacene molecule. On the other hand, the variationdfiC
and much longer compared to those of systems 1 and 2.distances is very small.
Experimental studies show that the AG distance of gold To analyze the redistribution of electronic charge between
complexes is about 2-2.2 A22 This indicates that carbon and  the Au atom and the pentacene, Mulliken atomic charges are
gold atoms of systems 1 and 2 could form a stable chemical listed in Table 1, which shows that the Au atom has a negative
bond. Systems 3 and 4 have large-AD distances (2.5 A). charge, but pentacene has a positive charge. This means that
However, the coplanar degree of systems 3 and 4 is higherthere is electron transfer from the pentacene to the Au atom,
compared to that of systems 1 and 2, which could enhance thewhich is in agreement with the experimental result. Repp and
possibility of electron transition. Adding the gold atom to the Co-workers found that there is net charge transfer to Au due to
the larger electronegativity of the gold atom than that of the
(20) (a) Albota, M.: Beljonne, D.: Bredas, J. L.; Ehrlich, J. E.; Fu, J. Y.; pentacene molecufe.
Heikal, A. A.; Hess, S. E.; Kogej, T.; Levin, M. L.; Marder, S. R.; McCord- 3.1.2. Relative Energy and Dipole Momentin our calcula-
\VVél\jg.t?c\)lr\}hl,j)'é.lpl_e.r?(/h:].CV.VS.;CIiz?:(:Ilzdeggg;Z%lin].lég/léi (Sb‘;b};imm?'”,{?’;"éﬁr'l}é’xf’bb’ tions of the four isome_rs, system 1 turns out to be the lowest in
J. E.; Heikal, A. A.; Perry, J. W.: Barlow, S.; Hu, Z.; McCord-Maughon, ~€Nergy (Table 2), which indicates that system 1 is the most
D.; Parker, T. C.; Rockel, H.; Thayumanavan, S.; Marder, S. R.; Beljonne, stable. However, the difference ofE is very small between

D.; Bredas, J.-LJ. Am. Chem. S0@200Q 122, 9500. (c) Masunov, A, systems 1 and 2. This point also explains why systems 1 and 2

Tretiak, S.J. Phys. Chem. 004 108 899. y 0 on dp " P o ?;] Y o ord
(21) (@ Yang, G. C.: Su. Z. M.. Qin. C. @. Phys. Chem. 2006 110 can be easily observed in the experiment. Furthermore, the order

4817. (b) Yang, G. C.; Liao, Y.; Su, Z. M.; Zhang, H. Y.; Wang, X. of AE is the same as that of the A distance. The calculated

Phys. Chem. 2006 110, 8758. (c) Yang, G. C.; Guan, W.; Yan, L. K.;  dipole moment value exhibits the following order: system 4

\S(;ngzg'cx“@'a éNaCngSE EJMP%/; gﬁiﬂ”;'llaé?%it.l%%_gggﬁé% 3 > 2 > 1, which implies that the degree of electronic
2005 726, 61. (€) Yang, G. C.; Shi, S. Q.; Guan, W.; Fang, L.; Su, Z. M. asymmetry is gradually incremental. This characteristic favors
J. Mol. Struct. (THEOCHEMPO00§ 773 9. (f) Yang, G. C.; Shi, D.; Su, the second-order NLO response.

Z (’\gg)((?;’)"%n?-cdsvcc\i/”?-vsg”n%ooé 6&' 1CSf‘-Hung L 7hu N Y 3.1.3. Natural Bond Orbital (NBO) Analysis. A covalent
Angew. Chem., Int. EQ005 44, 3107. (b) Hong, X.; Cheung, K. K.: Guo, ~ bond between an individual pentacene molecule and a gold atom

C. X.; Che, C. M.Dalton Trans 1994 1867. has been formed by means of single-molecule chemistry
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Table 3. Occupancy, Orbital Hybridization (Orbital Coefficients), Wiberg Bond Indices (WBI), and Orbital Types of Systems 1

and 2
system occupancy orbital hybridization (orbital coefficients) WBI orbital type
1 0.9601 ¢) 0.65514p'253(C) + 0.75553d%-33(Au) 0.6522 o
0.8944 (3) 0.78034p'%-52(C) + 0.62543d%18(Au)
2 0.9586 (1) 0.64008p!364(C) + 0.76844d°31(Au) 0.6022 o
0.8905 f3) 0.77594p'3:64(C) + 0.63083d%2°(Au)
Table 4. Second-Perturbation Energy E(2)) of Donor— and C2-C3 of system 4 is larger than that of system 3, which
Acceptor Interaction with Respect to Systems 3 and 4 leads to system 4 being more stable. This is in accordance with
system donorif acceptorj) interaction E(2) (kJ/mol) the result from relative energy analysis. This strong denor
3 LP(B)AUP BD*(2)C2-C3  n—x* 8.82 acceptor interaction could lead to some interesting photophysical
BD(2) C2-C3 LP*(6)Aul T—n* 29.76 properties.
4 LP()Aul BD*(2) C2-C3  n—n* 10.25 From the results shown above, system 1 (adding a gold atom

BD(2) C2-C3  LP(B)AuL n 2921 to the central benzene ring of the pentacene molecule) is the

2BD denotes the bonding orbitair), and BD* denotes the formally  mgost stable. In order to determine the influence of the number
f‘”“b"”qm% Or:"tﬁ"t*)-l d'-P denotes the 'OI”e'pa'“I' and LP* the anti- ot hanzene rings on the stability, we designed the following
one-pair (*) of the gold atom, respectively. systems: AuEHs (5), AuCiH1o (6), AUCsHis (7), and
AuCsgH22 (8). In these systems, the gold atom is added to the
central benzene ring. The ALC distances of system 5, 6, 7,
and 8 are 2.731, 2.335, 2.154, and 2.154 A, respectively. This
indicates that (1) system 5 has the largest-Audistance. This
implies that attaching a gold atom to the benzene molecule is
very difficult. (2) Increasing the number of benzene rings can

System 1 System 2 shorten the AuC distances. (3) When the number of benzene
Figure 2. Contour plots of NBOs: bonding orbitals of systems 1 "NgS is 7 or 9, the AuC distance does not change. NBO
and 2. analysis indicates that (Supporting Information) &) of

system 5 is much smaller than that of systems 3 and 4.

technique. To interpret the bond character and interaction Moreover, the covalent bonds of systems 7 and 8 are stronger
between the gold atom and pentacene molecule, natural bondhan that of system 1 from the standpoint of occupancy numbers,
Orbital (NBO) analysis has been performed at the same |eve|sorbital CoeffICIentS, and Wlbel‘g bond |nd|CeS ThUS, the bond|ng
of theory. NBO analysis shows that the carbon and gold atom Nature and interaction between gold and carbon strongly depends
of systems 1 and 2 have formed a covalent bond from the ON the number of benzene ring. Subsequently, we studied the
Standpoint of occupancy numbersl orbital CoefﬁcientS, W|berg Stablllty and bonding nature of pOSSible isomers formed between
bond index (Table 3), and NBO bonding orbitals (Figure 2). Au and GoHis (heptacene). AuC distances and NBO results
Figure 2 shows the bonding of theorbitial. The bonding of ~ are given in the Supporting Information. Among the five
the 8 orbital also has the same shape. For simplicity, only the isomers, three isomers can form AC bonds and two isomers
bonding of thex orbitial is given here. There is a distinct AC have strong donefacceptor interactions. The strengths of the
o single-bond character. The Aypentacene bond dissociation AU—C bonds and interactions are much larger than those of
energies (BDESs) of systems-# are calculated (Supporting AUCzH14 Thus, adding a gold atom tosgs5 could form more
|nformation). Moreover, the trend in BDEs is the same as the stable isomers. It is hOped that the results presented here could
trend in stability. For example, the Atpentacene BDE of  give some hint to the experimenters.
system 1 is 104.37 kJ/mol, which is slightly larger than that of  3.2. Electronic Spectra.When the gold atom is attached to
the Au—carbene boné? These strong interactions can be utilized the pentacene molecule, there is a certain influence on structure
to construct stable systems 1 and 2. NBO results show thatof the pentacene molecule. How does the gold atom affect the
systems 3 and 4 do not form chemical bonds between gold andelectronic transitions of the pentacene molecule? To find this
carbon atoms. However, there exist strong deramceptor effect, the electronic spectra of the pentacene molecule have
interactions between the gold and carbon atoms. This interactionalso been calculated at the same level. In Table 4, we list the
between gold and carbon can be treated by the second-absorption wavelength values, oscillator strengths, and major
perturbation energ¥ E(2) = E; = oF%ejei, whereF; is the contributions obtained using TDB3LYP employing the B3LYP
off-diagonal element in the NBO Fock matrig, is the donor geometries. It is noted that oscillator strengthd.1 are all
orbital occupancy, andg ande; are diagonal elements (orbital listed. From Table 5, the following results can be found: (1)
energies). From Table 4, we can find that &) values of The transition nature is different between pentacene and these
systems 3 and 4 are larger than that of H-bondhdhis isomers (systems-14). For the pentacene, the main contribution
interaction arises from charge transfer from thef C2—C3 to is azr — z* transition. For these isomers, maximal absorption
the n* of Au and then to thes*, which can be observed from is due to charge transfer from the gold atom to the pentacene
the contour plots of the overlap of NBOs (Supporting Informa- molecule (Figrue 3). Other electronic transitions can be assigned
tion). However, this interaction of the former is larger than that to metal-to-ligand charge transfer (MLCT) or ligand-to-metal
of the latter. On the other hand, this interaction between Au charge transfer (LMCT) (Supporting Information). However,
transitions of MLCT are much larger than that of LMCT. From
(23) (a) Boehme, C.; Frenking, ®rganometallics1998 17, 5801. (b) this point, when Au is added to the pentacene molecule, the
Nemcsok, D.; Wichmann, K.; Frenking, Grganometallic2004 23, 3640. transition nature of the pentacene molecule is obviously changed.
16é23)1carpe”te“ J. E.; Weinhold, & Mol. Struct(THEOCHEM 1988 (2) Possible transitions ¢ 0.1) of these isomers are increased
(25) Harwell, D. E.; Mortimer, M. D.; Knobler, C. B.; Anet, F. A. L;  compared to that of the individual pentacene molecule, espe-
Hawthorne, M. F.J. Am. Chem. Sod.996 118 2679. cially for systems 3 and 4. This indicates that this strong denor
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Table 5. Computed Absorption Wavelengths £ in nm),
Oscillator Strengths (f), and Transition Nature of the
Studied Systems

system A f major contribution
pentacene 286 3.2356 +2—L;2H—L+2b
1 440 0.1892 aH—L+1
351 0.1298 BH-T—L
338 0.1185 a H-6—L+1
332 0.1470 pH-2—L+1
276 1.2447 o H-1—L+3; fH—L+4
2 387 0.1373 pH—L
288 0.3727 pH-5—L+1
283 0.7543 pH-6—L+1
279 0.1149 a H—L+7
275 0.1212 o H-3—L+1; f H-1—L+2
274 0.1140 o H-2—L+1; g H-2—L+2
268 0.1599 BH—L+5
3 310 0.1460 pH-4—L+1
305 0.3751 BH-6—L+1
299 0.1488 o H—L+6; f H-7—L+1
298 0.1509 B H-9—L
287 0.7161 o H-3—L+1
286 0.2848 o H-9—L
282 0.3208 o H—L+6
275 0.1104 o H-1—L+4;  H—L+5
4 746 0.1330 aH—L
598 0.1174 o H-1—L; f H—L+1
356 0.1943 a H-1—L+2
308 0.3016 a H-6—L
306 0.3759 o H-7—L
302 0.2268 B H-6—L+1
298 0.1257 pH-1—L+3
296 0.3702 o H-8—L
293 0.2154 a H—L+5
287 0.3986 pH-8—L+1
284 0.1910 p H-10—L

aH denotes the highest occupied molecular orbital (HOM®)denotes
the lowest unoccupied molecular orbital (LUMO).

acceptor interaction leads to more abundant transitions. How-

ever, the greatest oscillator strength is smaller than that of the
pentacene molecule. (3) For the absorption wavelength, there

is an obvious bathochromic shift of these isomers in comparison
with the pentacene. However, differences in optical absorption
maxima are slight, which are nearly equal to that of pentacene.
Thus, high transparency will be maintained in these isomers.
This transparency is worthy of remarks in considering practical
applications to the nonlinear optical field.
3.3. Second-Order Polarizabilities Quantum chemistry can

help to rationalize the experiment results and rank the existing
molecular structures according to their hyperpolarizabilities prior

to experiment and thus to propose new promising compounds

to chemists. Although 27 components ftan be computed,
only the vector component along the dipole moment direction
is sampled experimentally in electric field-induced second-
harmonic generation (EFISH) experiments. TBus is defined
a§la

3 Wi
IBvec =)
=1 ul
1
Bi= B + QZ(ﬁijj + ﬂjij + ﬁjji) (2

[E3]

The accuracy of the sum-over-states (SOS) method mainly

depends on the convergence of calculation results. According

to the convergent behavior (Supporting Information), in the
calculation off values, employing 100 states in the SOS method
in this work is a reasonable approximation. The static second-
order polarizability is termed the zero-frequency hyperpolariz-

Yang et al.

ability and is an estimate of the intrinsic molecular hyperpo-
larizability in the absence of any resonance effect (Table 6).
Compared with 4-dimethylamind-itrostilbené® and [Au(G=
CCsH4-4-NOy)(PMes)],” our studied complexes have moderate
second-order polarizabilties. On the basis of transparency and
moderate second-order polarizabilties, we expect that these
complexes have potential application in the nonlinear optical
field. For systems 1 and 2, the main contributiorBte. arises
from the y-axis direction. However, the main contribution to
Pvec arises from thex-axis direction for systems 3 and 4,
especially for system 4. Thus, the position of the gold atom
can tune the direction of the main charge transfer. Fhevalue

of system 4 is about 4 times larger than that of system 1. This
indicates that promising NLO materials can be obtained by
appropriate position modification of the gold atom through
experimental technique. In other words, subtle variations in the
molecular architecture result in substantial enhancement to the
second-order NLO response.

Why do different isomers have a great influence on the
second-order nonlinear optical properties? From the complex
SOS expression, a two-level model that link&d. and a low-
lying charge-transfer transition has been established. For the
static case, the following expression is employed to estimate

BeT:

Aufyn,

6CT g 3
Egm

®3)

wherefym is the oscillator strength of the transition from the
ground stated) to themth excited staten(), Egmis the transition
energy, andAu is the change of dipole moment between the
ground andmth excited state. Thus, the second-order polariz-
ability caused by charge transfgicr, is proportional to the
optical intensity and inversely proportional to the cube of
transition energy. As a result, a largdgh and Au with a lower
EgmWwill lead to a larger second-order polarizability. Our studied
compounds have large energy gaps, and the model is valid for
analysis. For these isomers, the contributions of the main
transition statesf (> 0.1) tofSvecare calculated according to the
two-level model and are listed in the Supporting Information.
According to these results, the second-order polarizability is
jointly determined by all three quantitie§,, Au, and Egp).

The fyec value of system 4 is much larger than that of system
1. This can be explained from the following two aspects. First,
system 4 has more states contributing to the second-order
polarizability (Supporting Information). Second, transition ener-
gies of system 4 are much smaller than that of system 1 (Table
5). According to the analysis of the two-level model and
electronic spectrum, the main contributiondg. is the charge
transfer from gold to pentacene. Changeg\ef between other
systems can also be explained.

4. Conclusions

The structural, electronic spectra, and second-order nonlinear
optical properties of four isomers (AugH14) were investigated
by density functional theory. Our main conclusions are as
follows:

1. When attaching a gold atom to a pentacene molecule, the
gold atom attached to the center is the most stable. The gold
and carbon atoms of systems 1 and 2 can form a covalent bond,
which haso single-bond character. However, there are strong

(26) Cheng, L. T.; Tam, W.; Sylvia, H;. Stevenson, G. R.; Meredith, G.
R.; Marder, S. RJ. Phys. Chem1991, 95, 10631.
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Figure 3. Frontier molecular orbitals constitute maximal absorption in our studied systems.
Table 6. Calculated Static Second-Order Polarizabilities the charge transfer from the gold atom to the pentacene plays
(10" esu) of the Studied Systems the key role in the nonlinear optical response of these gold
system Bx By Bz Buec complexes. Thé value of system 4 is much larger than that of
1 —0.144 14.49 —4.039 1503 system 1. Thus, subtle variations in the molecular architecture
2 14.63 14.46 -3.11 —19.74 result in substantial enhancement to the second-order NLO
3 —35.83 —16.57 —8.82 —38.57 response. These systems could be excellent second-order
4 —61.38 —9.75 —13.48 —61.38

nonlinear optical (NLO) materials from the standpoint f

. . values and high transparency.
donor-acceptor interactions between the gold and carbon atoms 9 P y

of systems 3 and 4. Moreover, the influence of the number of  acknowledgment. The authors acknowledge the financial
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The Au—C distance is very large when attaching a gold atom (20373009 and 20573016) and the Major State Basic Research
to a benzene molecule, which has weak deramceptor  Development Program (2002CB613401). Science Foundation
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However, when the number of benzene rings is 9, the-Bu
distance does not change. We hoped that our study could provide Supporting Information Available: Au—pentacene bond dis-
some insight to the experimenters. sociation energies (BDEs) of systems4, contour plots of the
2. Adding a gold atom to the pentacene obviously changes overlap of NBOs: systems 3 and 4, NBO results of system8, 5
the transition nature of pentacene and results in the increase ofh€ distances, bonding natures, and interactions between the Au
possible transitions and an obvious bathochromic shift, espe_and C atom of Augong, the frontier _molecular orbitals constituting
cially for systems 3 and 4. This indicates that the gold atom Maximal absorption to our studied systems4l convergent
can tune the nature of the electronic transitions. behaviors of the second_—ordgr polarizabilities, and (_:ontrlbutl_on to
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