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Application of the Locally Projected Molecular Orbital Perturbation Theory
with Dispersion Correction to the Large Water Clusters

(Toyota Riken", Jawaharlal Nehru University”) OS. Iwata", S. Shanker”, P. Bandyopadhyay”

I. Introduction

The efficient evaluation of the weak molecular interaction in the clusters consisting of a large number
of molecules is important in studying the structure and dynamics not only of the molecular clusters but
also of the biomolecules. For the practical purpose, the empirical and semi-empirical potential energy
functions are playing an important role in these studies. For the reliable functions the appropriate
comparison with the ab initio MO calculations is necessary. Molecular interaction is essentially
pair-wise, but the many-body effects sometimes unexpectedly large through the electrostatic and po-
larization interactions. Therefore, to examine the empirical functions, the ab initio calculations of real-
istically large clusters are desirable. However, the ab initio MO (and density functional) theories are
not immune from the errors. The errors in evaluating weak molecular interaction are caused by the or-
bital basis and configuration basis inconsistencies (OBI & CBI) between the free constituents and the
composite system. The ab initio computations should be carried out by avoiding these inconsistencies.

II. Theoretical

The perturbation expansion theory based on the locally projected molecular orbitals (LP MO) was de-
veloped and tested for various molecular interactions. ' > It was demonstrated' that the binding energy
evaluated by the third order single excitation perturbation theory (LP MO 3SPT) is very close to the
counterpoise (CP) corrected Hartree-Fock (HF) binding energy, if the augmented basis sets are used.
For instance, the average error is 0.31kJ mol" and the standard deviation is 0.14kJ mol" for various
isomers of (H,O), (n=2~8) if aug-cc-pVDZ is used. The required computational resource is approxi-
mately same with a single iteration of HF calculations. The required user times on an ordinal Linux
workstation for (H,O),o and (H,O),5 are 200m and 350m, respectively. The results are shown in Fig-

ures 1 and 2.
Figure 1 Relative Binding Energy of (H2O), and (H,0);s
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In LP MO, both occupied and
excited MOs are locally defined on

Comparison of halogen bond energies with those of

. . 4 -1
each constituent molecule. Riley & Hobza ~ (/kJ mol™)
Therefore, only the dispersion type H:CCl--OCH3 | FsCCI--OCHs | HiCBr-OCHs | FsCBr--OCHs
double excitations can be included e | X=D | Xx=T | x=D | x=T | x=D | x=T | x=D | x=T
. . SAPT* -3.14 -4.10 -8.20 -6.23 -7.11 -12.72
in the second order perturbation coomr | 326 | 49 770 | 519 | 623 1079
. o g0 3SPT+D -3.82 -4.55 -8.62 -8.84 -6.03 -6.62 -12.27 -12.36
theory, which ensures avoiding CBI. - >
SAPT Dispersion r -7.57 ] -8.28 \
The rare gas dimers as well as some v | w02 (735 ]| 2 | a0 | ess (w09 J[ e [ a7
. 3SPT +2.40 +2.80 2.60 -1.83 +0.83 +1.57 -5.68 -4.61
of complexes in S22 set were
CP corr HF +2.69 +2.79 -2.01 -1.86 +1.27 +1.53 -5.08 -4.66
examined, and the applicability and weeoay | 038 -0.40 -0.62 -0.28 -0.92 -0.40 -0.90 0.29
limitation were diSCUSSGd.2 10(‘1|;:r¥.cm -0.60 -0.41 -0.80 -0.52 -0.79 -0.57 -1.00 -0.73

II1. Results and Discussion

Figures 1 and 2 compare the relative energies of water
cluster isomers (H,O),o and (H,0O),5. The geometries of
the isomers are determined using Monte Carlo Basis
Paving method“using Effective Fragment Potential 1
(EFP1). The energy ordering among the isomers
approximately agrees with each other. But, there are
some discrepancies, which might result from the
dispersion term. LP MO 3SPT does not contain the
dispersion energy, while the empirical potentials are

parameterized to include it.

Figure 3. The relative isomer energy

of (H20)6 and (H20)7
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The dispersion correction is added to LP MO 3SPT (3SPT + D), and the test calculations of the

method are given in Table for the halogen bonds. For a given basis set, the calculated binding energy

and dispersion energy agree well with the reference values.” Figure 3 compares the relative isomer

energies of EFP1, 3SPT/aug-cc-pVDZ, (3SPT + D)/aug-cc-pVDZ and uncorrected MP2/aug-cc-pVTZ.

The figure clearly shows the dispersion force does contribute to the isomer energy. Figure 4 shows the

hydrogen bond energy per water of various water
isomers, where “un(CP) MP2 apvtz” stands for the
uncorrected (CP corrected) MP2/aug-cc-pVTZ
calculations. For ns4, which is a limit of the
present code, the 3SPT+D/apvtz energy agrees with
the un MP2/apvdz and un MP2/apvtz. Note that
uncorrected MP2 is much less basis-set-dependent
than the CP MP2. The 3SPT+ D/apvdz accidentally
agrees well with the CP MP2/apvtz.

Iwata, S., J. Phys. Chem. A. 114 (2010) 8697.
® Iwata, S., J. Chem. Phys. (2011) in press.

Figure 4 Binding energy per water in (H,0),
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Binding Energy per Water / kJ mol

> Bandyopadhyay, P., Chem. Phys. Letters 487 (2010) 133, * Riley,K.. and Hobza, P. J. Chem. Theory. Comp. 4 (2008) 232
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[#E8)] BoNAKT =0 7 T AZ—OHEED T TR OLER b5 SOMEDFERE R 2 112
RT, IS5 ODEO T R F—DFEIL 1 keal/mol HiE THY ., ENHFEUL BWVWELETH
o7z, WIZ, VDE OFFHEFERIZOVTR S & 1V OREEIZ OV TIE 100 meV LANTH 5 DK
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#1HoMED T R /LF—L VDE
Structure  Relative Energy (kcal/mol)  VDE(meV)

I 0.00 87.2
I 0.35 71.2
11 0.54 37.1
v 0.74 25.8
\% 1.23 399.2

[1] C. Desfrancois et al., J. Chem. Phys., 95, 7760 (1991).
[2] K. Yagi, Y. Okano, T. Sato, Y. Kawashima, T. Tsuneda, K. Hirao, J. Phys. Chem. A, 112, 9845 (2008).
[3] N. I. Hammer, J. R. Roscioli, M. A. Johnson, J. Phys. Chem. A, 109, 7896 (2005).
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Ml = 109.5 " ORUNOHEEZFF>. ZZCBYV A mMOAEN 4 &K (HfH = 67.9 °)
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Theoretical Study of C-O Bond Cleavage Manners of Glycosides: Reactivity Prediction for
Endocyclic Cleavage in Glycosides with 2,3-trans Cyclic Protecting Groups

([EISLAFHAIF Y, BLAF - FL828F 2, ETH Zurich®, IBM Research — Zurich®, University of Zurich®)
Otk -+ \E& LUy 2 g &Rk 2 Hans Peter Liithi®, Teodoro Laino®, Jiirg Hutter®

[F] 7V 2y RiZdEdR 72— ThHY, 237 —>20 C-ORABIZAFHETH 5 (Figure 1).
T ) —RFFA L =X VBERTOMOKENEN S =% VYHRIIA X I L= 0 A LT
AERBF AL ELERTD. ZODFANTLY a v bRISOEERGEAL LTHLRTEY,
7V ay RCE—ICex YRADMBMLICEZ2 B2 6N T0D. LT, ©T /¥ RER
WD C-OfEGHEIND = FBEZEIZEFE Z VN ERM6 TS, L LIS RITICRY,
Crich®, Oscarson®®, [E& *° & D 7 NV —F IR F L ENIANLIC, 2,3- 8T v ACBRRME#EL 4 o2 ) o
¥ RBEGVILA AT TR CEBIZB DD a~DT ) ~v—BM LS ER T2 2R AL, =K
BRI LIRS 2% TN 2 AT féﬁﬁa?ﬁﬂéht(ﬁgure 2). TO%, EMSICLY =y FRAEDOHFEEZRT
FEERAVEEIL MR S O Fexld, = FRZSOS A2 WS OB AR OB E B L,
FHE & FEBRIC X DRSS OFEMRNT 2 BRdG L7z, £9° DFTIC X 2 BB IRRE R & A S A BE iR
Prick v, 23-F 7 RCERIRGR#EEEL ST av R, @EO7)av REDEESGIC R
ISR DT )~ — RIS A E 2T 22 R L. 510, SO ELRRF AR
X 2HNEE 77‘“(3?)5 LEHLMNEL, W‘Brﬁ%ﬁﬁft L?L_‘ET/V K SEETRT S Z &
WS L7 8 DL ORI DR BA2 = ZICHRET 5.

anomeric

carbon (C1)
OProcea (?( . OF’ro%5 l o1 (or 1) OProce ®
Oy exocyclic 8§ oy endocyclic o
cleavage 5 1 cleavage
-————— 4 3 —_—
ProcO OProc ProcO OProc ProcO OProc
OProc OProc OProc
Proc = e.g., protecting group or H
Y =e.g., OMe, SPh, or OH
Figure 1. Exocyclic vs endocyclic question.
t
BF BF;
ProcO | 3 P BF; ProcO I
. rocO |
O Y endocyclic o ® O Y
1 cleavage o X cyclization
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ProcO X "
ProcO X
Q
o/ 1) _J
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Proc = e.g., protecting group
Y =e.g., SPh or OMe
X=NR'orO

Figure 2. Endocyclic cleavage-induced anomerization reaction of glycosides with 2,3-trans cyclic protecting groups.

[HiE] —fi7e e o 2 o RE23- 87 U RCERIRIRGEREZ b O—HEDbEWE RIS L Lz, MR
IZ Gaussian03 7' 777 A& HV, 4T B3LYP/6-31G(d,p) L~V TIT o 7. ERBIREE(TS)IX C1-C2 4%
B OEfL % KOS & LT L, TSHEE X STQN (Synchronous Transit-Guided Quasi-Newton) i <‘:
RENGGRICL VIRE LT, Fx OFEFFEICLY, OAKEOEH L= RV F — X RBAED
INF—LIZERFETHY, CL-C2FREADREERIITIETY 7 v Mz X —m L2 BET 5, @@
PEIET R F—DEWNE, BT /3 FREBERREEDOHKESICL VAT INEELT XX —
(AEgrain) (2 £ D BUSHI D ARZELIN LI L T\ D, & DR ENL T, NEEAT RV X —25HT 5
ETNVEMEL, BHEOET ) ¥ FOFEMLT 20X — & AEguin 1 & 0 IEM b= 3L X — & T4
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REBRTHE SNT J ~—RIERORE 2B L, BiEE2T-7-.

[FE R & B52] TS BB O#E R (Figure 3)I%,
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Wiz TS =¥ — T HE(AE predict) 2, TS
BRRICX DEHEME(AE) &, A RER)
LELNET v —8BME LD alkE BIED
Lo L beige U 72 R (Table 1), FEHIZ L —
EPR 6N, ZoEIX, KETLICK
D RS OGNS TSENUNEZ THIT 5 &
WHBEE L 72 5 2 L AR T. KRN, N
EELD 23- T L ATBERGEL A H T
H7Vay oy RRERBOT ) ~—

FMALD EHE AR KRR FTH D Lm0 7.

Table 1. Validation of The Model

BF3-OEt,

-200-170-140-110 -80 -50 -20 10 40 70 100
£H1-C1-C2-H2 [degree]

Figure 3. Results of the TS search.

BnO— o (oquv) B0 o 8o\ g Computations
MOJ&TJSPhﬂ- ACOO T SPh;QcOo’%j (BSLYP/6'31 G(d, p))
k/ -30°C, 12 h k,/ u h
. + c3
Reactivit Reactivity AE predict AE
R B (%) a (%) rankingy ranking predicted  [kJ mol ']
(exp.) (calc.) [kJ mol]
Ac 0 75 1
B0 1 71.2 764
ALOO’%%R,S% CO;Me 0 80 2 2 771
e Bn 16 63 3 3 84.4 83.6
H 69 19 4 5 99.4 94.3
EnQ
Acoﬁlsph
e 46 14 4 2 77.3 76.9
D}’-;O
BnO
“‘%&%ﬁph Ac 82 17 4 4 90.0
kg H 92 0 5 5 1925.0
(na anomerization) )
BnO O%E
AN —spn 61 0 , 6 1231 1197
Me (no anomerization)
MeMe
5 7 142.0

(no anomerization)
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