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Density functional theory (DFT) calculations on the geometry and bonding energy of the iterpholecular
interaction of Cil and (CH),X (X =N, P,n=3; X=S,n=2) and (CH).XO (X =N,P,n=3; X =
S,n=2) are reported. The effect of the basis set, Effective Core Potential (ECP), and relativistic corrections
have been investigated to gain insight into the origin and nature of this interaction. Energy decomposition in
terms of different contributions allows us to understand the different donor behavior of second and third row
atoms toward perfluorinated iodo hydrocarbon compounds, suggesting that bond energies are mainly due to
orbital contribution. TD-DFT calculations of the van der Waals coefficiggfo€CF;l- - -N(CH3); and CHl- - -

P(CHs); adducts estimate values 62.02 and—1.30 kcal/mol, respectively, for their dispersion energy, thus
representing only a small contribution to the total bonding enerdy&4 and—5.76 kcal/mol, respectively).

The role of competition betweeintra- and intermolecular donation has been elucidated. All the adducts
with oxides as donors show a weaker interaction withl@#an the relative donor without oxygen except the
CFsl- - -ON(CHs3) adduct, which has a stronger interaction. Basis set superposition errors (BSSE) are very
relevant in describing the relative order of stability of the oxide of trimethyl derivatives of group 15 elements

. Explicit scalar relativistic (s.r.) ZORA (zero-order regular approximation) corrections are essential to reproduce
correctly geometrical parameters and bonding energies involving X- - -I interaction.

1. Introduction 2. Method

The relevance ofntermolecular interactions of substantial The DFT calculations on the geometry and bonding energy
stability stems from their possible applications in different fields of the X- - -I intermolecular interaction of GFand (CH),X
such as in new materials engineefifigand chemical and X=N,P,n=3;X=5,n=2), (CH):XO (X =N, P,n=
biological process studiés' 3; X = S, n = 2) have been performed with the ADF2000
The technological importance of perfluorocarbon (PCF) packagé! This program allows us to consider relativistic
compounds has focused the interest on intermolecular interac-effectd? by means of the ZOR® (zero order regular ap-
tions between carbon-bound halogen atoms (X) and electrone-proximation) approach. This variationally stable scheme is based
gative atoms (EIy8 on a regular-potential expansion and produces a Hamiltonian
An accurate study on-€X- - -El (X = F, Cl, Br, | and El= that in zeroth order reproduces all important relativistic effects
N, O, S) interaction led by Lommerse et’&ias demonstrated  including the spir-orbit interaction:
that if the carbon-bound halogen atom is in a sufficiently
electron-withdrawing environment, then a strong attractive 2
overall interaction will exist. Besides, a recent stUdyn H* R =V +5-p
interaction involving ammonia and halofluoromethanes has
shown that the bonding energies ofZF- -NH3 increase from ) ) o ]
2 to 6 kcal/mol moving along the seriesXCl, Br, I, and the  (for a particle that is moving in a potentig).
progressive introduction of F atoms in methyliodides raises the A valence double: STO basis set with one polarization
interaction energy from 3 kcal/mol for GHto 6 kcal/mol for function for main element atoms and a triffle3d,4s basis set
CFl. This is a very important result, because halogen bonding With one 4p function for | and frozen cores (C, N, O, F: 1s; S,
involving perfluorinated alkyl halides and appropriate donors P: 1s-2p; I: 1s-4d) have been used for nonrelativistic
can be comparable in strength to hydrogen bonding (typical calculations, and an optimized valence basis set that is of the
H-bonded interaction energies vary between 2 and 15 kcal/ Same size as the nonrelativistic basis set described above, for
mol).lOThese results offer new Opportunities in the manipulation relativistic CalCUlationéfl The Becke functional for the ex-
of molecular aggregation, which is useful in many fields. For changé® (B) and the Perdew functional for the correlatibn
these reasons the intermolecular interaction betwees & (P) have been used.
different donors D (D= (CHs)sN, (CHz)sP, (CH)2S, (CH)a- Further calculations have been carried out for comparative
NO, (CHs)zPO, and DMSO) has been analyzed to evaluate the purposes with the Gaussiadd&\.7 program. To evaluate the
role of the donor on the adduct geometry and on the strength performance of different combinations of Gaussian basis set and/

of the interaction. or ECP, a preliminary study of the GIF--N(CHz)s adduct
geometry has been performed using different basis sets: 3-21g*
* Corresponding author. E-mail: lelj@unibas.it. (1);18 Ahlrichs TVZ on all atoms and LanLDZdp ECP on the |
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TABLE 1: I--N Bond Distance Calculated at the B3LYP TABLE 2: Bond Distances (A) and Angles (deg) for
Level with the Following Basis Sets: 3-21g* (1), Ahlrichs on Adducts 1 (symmetry Cg,), 2 (Symmetry Cs,), and 3
All Atoms and LanLDZdp ECP on the | Atom (II), Ahlrichs (symmetry Cs) Calculated with Nonrelativistic DFT at the
on All Atoms and Stuttgart RLC ECP on the | Atom (lll), B3LYP/Basis Set IV Level (n.r. B3LYP) and at the BP Level
6-31g* on All Atoms and 6-311g* on the | Atom (IV) (n.r. BP) and with Scalar Relativistic ZORA DFT at the BP
- : Level (s.r. ZORA)
basis set CH- - -N(CHs)3 distance (A)
| 2709 method 1 2 3
1 2.714 __ X di n.r. B3LYP 2.931 3.396 3.427
1l 2.720 I-- X distance n.r. BP 2933 3302 3.352
vV 2.931 (X=N,P,S)(A) s.r. ZORA 2.883 3.195  3.259
expgt 2.844 0.03 n.r. B3LYP 2.203 2.206 2.199
I—C distance (A) n.r. BP 2.273 2285  2.275
*Reference 7. s.r. ZORA 2268 2287 2271
n.r. B3LYP 1.340 1.340 1.338
atom (1)2220Ahlrich TVZ on all atoms and Stuttgart RLC ECP ~ C—Fdistance (&) n.r. BP 1.353 1.354  1.353
on the | atom (1I1)?* 6-31g* on all atoms and 6-311g* on the ﬁrr ZB(Q?E{(AP 18%%(5)4 18%)%%5 917'3;573
22,23 ; ; I - : :
| atom (V). As shown in Table 1, the Igst one gives the C—I-- X angle (deg) n.r.BP 180.00  180.00 98.87
best results as far as the I- - -N bond length is concerned, where sr.ZORA 180.00 180.00 96.11

relativistic corrections are not explicitly included.

The energy minima of all these structures have been con-
firmed by frequency calculations at the 3-21g*/B3L3¢Revel.

The interaction between the @Fand the donor has been (T)AELIIE 3:f I\C/IEII:kendGDross PSp(lIJDIatioFCﬂ ;<l<zlhrzc—l_|sgla|13m SCF
analyzed by using the fragment analysis proposed by Ziegler Orbitals of CFsl and Donor = (LH3)sN, (CHg)sH,
and Raulk>27 The interaction energyAEin) is split into two (CH3);S) Fragments in 1-3 Calculated at the s.r. ZORA

2The average value of three—& distances has been reported in
the case of the addust

- . . Level
physically meaningful terms: = T 5 - 3
(1Al)a (lAl)a (1A')a
AE, = AE° + AE, A1 CRl 5a 199 198 A CRl 104 1.99
6a(LUMO) 0.12 0.17 118(LUMO) 0.12
D 4&(HOMO) 1.88 1.87 D 6aHOMO) 1.90

AE° is known as the sterlg repulsion energy and consists of A, CRl 1% (HOMO) 2.00 200 A CRl 6a (HOMO) 199

two components: the classical electrostatic interactitffta) D 1&(HOMO) 2.00 2.00 D  44(HOMO) 2.00
between the unperturbed charge distributions of the interacting E; CRl 5e;(HOMO) 1.99 1.98

fragments, usually attractive, and the so-called Pauli repulsion D  4e(HOMO) 2.00 2.00

(AEpaui), due essentially to the Pauli principle. The steric term  aThe ground state configuration has been reported in parentheses.
is usually repulsive at the equilibrium distance because the

repulsive componem Ep,yi dominates, such as in this work. ;I—A?AIH% 41t Cfngibutirons to tpgl??nd?%CEl-llm)r?\ly %'écl_éll%n?:o')
_ . o . . or ucts 1-3 in Terms of CF3l an 3)aN, 3)3P,
The AE,; term takes thg attractive qrpltal interactions into ;4 (CH-),S Neutral Fragments Calculated at the s.r.
account and can be split into the additive contributions from zoRrA Level

the various irreducible representationsof the overall point

contributions to

group symmetry of.the system. In the case of clpsed-shell the I- - -X contributions to
fragments, such as in the present work, the orbital interaction (X=N,P) the |- - -S
term AE,; accounts for the charge transfer (interaction between bo(nkdclglg/;nsglz)ergy 1 ) bo(nkdclggn?glz)argy 3
occupied and virtual orbitals of separate fragments) and
polarization (empty/occupied orbital mixing on one fragment). ﬁEF’fr"‘(ev) _ig'gg’ _1%56237 ﬁE:af“t(eV) _ﬁ’%é
In the case of open-shell fragmentsE, contains also the AED 324 6.64 AEO 375
energy gained due to the formation of the electron pair bonds.  AEA —9.81 —11.82 AEM -8.27
TD-DFT calculations, involving the asymptotically correct ig’f —2-&% fé’? AEA —0.48
Van Leeuwen-Baerends potential (LB94§, have been per- AE. __10‘89 __13'19 AE, _8.75
formed to estimate the dispersion energy, governed by the  Ag;+ ag0 2765 —655 AE.+ AE? 500
isotropic van der Waals dispersion coefficielg BSSE -0.71 —0.53 BSSE —-0.53
CRsl + CRil +
(CH3)3X(ghost) (CH3)2S(ghost)
_ CiAB) BSSE -130 -026 BSSE ~0.60
EgisplAB) = — ——— (CHg)eX + (CHa)2S +
Rag CFsl(ghost) CFsl(ghost)
AEqi+ AE° —5.64 —5.76 AEg+ AE° -3.87
. . (corrected for (corrected for
whereRag is the distance between the A and B centers of mass. BSSE) BSSE)

The dispersion coefficienCg can be calculated from the
polarizabilities of the two monomers at imaginary frequencies
iw.2®

Tables 2 and 4 report some selected equilibrium bond
distances and angles and the interaction energies, respectively,
for the adducts with (CEJ3N (1), (CHs)sP 2), and (CH).S 3)
as donors.

The relevance of the relativistic effects on the I- - -N distance

The geometries of adducts have been fully optimized at the is evident in the case of the adduttif compared to the
DFT level. All adducts have & symmetry, except those with  experimental distance found in cocrystals afv-diiodoper-
(CH3)sN and (CH)sP, which belong to theC;, point group, fluoroalkanes with different diamines (2.84 0.03 A)5-7 the
and with (CH)3PO and DMSO (interacting by S atom), which  I- - -N bond contraction observed at the scalar relativistic (s.r.)
belong to theC; point group. ZORA level accurately describes this distance. This result

3. Results and Discussion
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-4 - not describe the small van der Waals interaction enef§ies.
Despite this, the time-dependent density functional theory can
be used to obtain the van der Waals dispersion coefficients that
determine the long-range dispersion part of a potential energy
surface of two interacting (distant) molecules. Thus,Gs&an
der Waals coefficient has been calculated for addlicdad 2
and their dispersion energy has been estimated te2b@2 and
—1.30 kcal mot?, respectively, without any significant effect
of basis set increase. These findings suggest that the contribution
of dispersion energy for all the studied adducts is small, owing
to the strong polarization of the I- -(GFbond. As a qualitative

NR RG RE RG+RE measure of this effect, it might be pointed out that the difference

Figure 1. BSSE-corrected bonding energy (kcal mipifor adductsl of Mulliken charges of | and C in GFand CH;l are respectively

(@) and2 (m) in terms of CHl, (CH3)sN, and (CH)sP neutral fragments, ~ 0.90 and 0.18. Hence, the Ziegler and Rauk analysis can be

respectively, calcql_atgd at nonrelativistic (NR), relativistic bonding ¢gnsidered a valid tool for describing the interaction of these
energy (RE), relativistic geometry (RG) and R&E level.

AE,+AE® (kcal mol™)
&

-6 -

adducts.
suggests that also other I- - -X distances are described very well On the basis of the results reported in Table 4, the orbital
at the (s.r.) ZORA level. interaction termAE,; seems to be important in the I---X

Other distances are only marginally affected by relativistic interaction, because the order in which the interaction becomes

effects. In particular, as the calculated values at the BP level Stronger (S< N < P) corresponds to the increase in this
suggest (Table 2), the -@ bond undergoes a negligible contribution. It is noteworthy that the trend of the interaction

contraction (0.005 A) if compared to that of the I- - -N bond energies described above refers to the values corrected for
(0.05 A). BSSES! Without this correction the I- - -N interaction is stronger
The formation of the adducts yields an elongation of the | than the I- - -P one. Besides, the calculated value for the adduct

bond (2.230 A in the C# monomer), more pronounced in lisin good agreeme_nt yvith the experimental one of:E_.O_.l
adduct2. The C-F bonds are also elongated by about 0.01 A kcal/mol for the assoqlatlon of GFwith 2,4,6-trimethylpyridine
upon formation of the adduct (1.345 A in the £Lmonomer). in cyclopentane solution by temperatu_re-dependent NMR spec-
These bond elongation effects can be explained by a Sma"t_ros_copy and of 7.4 kcal/mgl fo_r t_he 1-|odoperflut_)rohexar_1e an_d
charge transfer from the donor HOMO to the £LEUMO liquid 2,2,.6,6-tretramethylp|per|d|ne measured with an adiabatic
(Table 3): in the last one there are antibonding interactions accelerating rate calorimetér.
between +C orbitals and between-€F orbitals. As regards the individual contribution to the orbital interaction

We have calculated the interaction energies for the adductsterm, theAEA! term (AE*' in the adduc8), which accounts for
formation using the decomposition scheme reported in the the o-donation from the donor HOMO to the @ALUMO, is
Method section. the largest one. The larger charge transfer in the ad2lust

A preliminary study on the interactions I- - -N and I- - -P has evidently ascribed to a better interaction between thesj¢H
highlighted the importance of relativistic effects at both MOs and the CE MOs. In particular, the larger charge transfer
geometry and energy bonding level. In fact, our calculations from the (CH)sP HOMO to the CBl LUMO can be attributed
reproduce the literature trend N P only if the relativistic ~ to a better interaction between the (g4 4a orbital and the
geometry and energy bonding are used, as Figure 1 shows. ThusCFs! 62 orbital, as the composition of these MOs in terms of
the relativistic corrections have been considered not only in the CFsl and the donor neutral fragment orbitals suggests (Figure
geometry optimization procedures but also in the bonding energy 2)-
calculations. Indeed, these two MOs have a bonding interaction in the

However, the generalized gradient-approximated (GGA) adduct 9a (HOMO) orbital, whereas the adduct 2qaUMO)
energy functionals used in density functional theory (DFT) do one is the antibonding counterpart. The donor dibital (6a

-2
10a, __ 9267%6a,  10a, __ 88.19% 6a,
5.85% 4a, SN 7.88% 4a, q7q — 93:33% 112
S 7T 5.42% 6a
-3 1 i
6a, — 6a, - Lt =
-4 : N
o e, \_4a '\ S 6a
‘ —_— "% . .’
-6 1 9, —= 8720%4a, 9a, —= 8160%4a, 162 —— 90.14% 6a
5.72% 6a, 7.88% 6a, 5.42%11a’
-7

CFd 1 N(CH), CFJ 2  P(CH), CFJl 3  S(CH,),

Figure 2. HOMOs and LUMOs energy diagram for the &L+ -N(CHs); (1), CFl- - -P(CHs)s (2), and CHRl- - -S(CH;), (3) adducts { and 2
belonging to theC,, point group and to the Cs one) calculated at scalar relativistic (s.r.) ZORA level in terms of two neutral fragmentsa@d
donor D &(CHa)sN, (CHs)sP, (CH)2S).
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TABLE 5: Bond Distances (A) and Angles (deg) for Adducts CHl- -ON(CH )5 (4) (Symmetry Cy), CF3l- -OP(CH3)s (5)
(Symmetry C,), 6 (Symmetry C;), 6" (Symmetry Cy), and 6" (Symmetry Cs) Calculated with Nonrelativistic DFT at the
B3LYP/Basis Set IV Level (n.r. B3LYP) and at the BP Level (n.r. BP) and with Scalar Relativistic ZORA DFT at BP Level
(s.r. ZORA)

method 4 5 6’ 6" 6'
nr.B3LYP  I---O distance (A) 2.715 2.856 2.847 2.876  I---Sdistance (A) 3.584
n.r. BP 2.821 2.998 2.964 3.032 3.587
s.r. ZORA 2.768 2.923 2.908 2.967 3.470
n.r. B3LYP I-C distance (A) 2.203 2.184 2.191 2.187 —Q distance (A) 2.198
n.r. BP 2.273 2.239 2.248 2.240 2.255
s.r. ZORA 2.269 2.236 2.244 2.235 2.253
n.r. B3LYP C—Fadistance (A) 1.344 1.341 1.340 1.340 —€=distance (A) 1.334
n.r. BP 1.356 1.353 1.351 1.352 1.347
s.r. ZORA 1.357 1.353 1.352 1.352 1.347
n.r. B3LYP I---O—Xangle (X=N, P, S) (deg) 121.34 139.40 130.45 122.31 I-—&angle (deg) 141.32
n.r. BP 118.79 127.97 124.14 112.49 130.29
s.r. ZORA 117.79 121.47 122.09 110.58 131.46

a2 The average value of three-& distances has been reported.

TABLE 6: Contributions of the Bonding Energy (kcal/mol) for Adducts 4, 5, 6', 6", and 6" in Terms of CFzl and (CH3)3NO,
(CH3)3PO, and (CH;),SO Neutral Fragments Calculated at the s.r. ZORA Level

contributions to the I- - -O contributions to the I- - -X (%= O, S)
bonding energy (kcal/mol) 4 6" 6" bonding energy (kcal/mol) 5 6
AEpai 20.27 11.55 8.44 AEpai 9.73 6.47
AEgstat —16.58 —9.43 —7.93 AEgstat —9.12 —3.43
AE° 3.68 212 0.52 AE° 0.61 3.03
AEN —12.38 —6.40 —4.22 AEA —5.51 —5.11
AEN —0.65 —0.40 -0.19
AE, —13.03 —6.80 —4.41 AEqi —5.51 —5.11
AEq+ AE° —9.35 —4.67 —3.89 AEqi + AE® —4.90 —2.08
BSSE —0.49 —0.42 —0.32 BSSE —0.46 —0.45
CFRsl + (CHa3)nYO(ghost) CFRsl + (CHs3)nYO(ghost)
BSSE —1.05 —0.93 —0.37 BSSE —0.50 —0.69
(CH3)nYO + CFRsl(ghost) (CHs3)nYO + CFRsl(ghost)
(Y=N,S) (Y=P,S
AEq+ AE® —7.81 —-3.32 —-3.20 AEqi + AE® —3.94 —0.94
(corrected for BSSE) (corrected for BSSE)
in the adducB) is a Xnp (X = N, P, S) based orbital, and it
is destabilized by an antibonding interaction with hydrogen 1s 5
orbitals, more strongly in the (GhN donor, so that there is a
better energy match between the;06& and donor 4aorbitals
in the adductl. On the other hand, the overlap,8tg is larger
in adduct2 because the P 3prbital is more diffuse, in fact,
the SFO (symmetry-adapted combination of fragment MOs)
overlap matrix 6@4a (11d/6d in the adducB8) is 0.129, 0.210,
and 0.140 for N, P, and S, respectively). The interplay of these
two factors yields a better interaction in the case of the adduct
5 €) (b)
As regards the adducts with the oxides, we have found a I- - - Figure 3. Two possible geometries for the interaction betweenl CF

O distance that is shorter than the relative donor without oxygen, and the oxygen atom in the case of DMSO as donor [addBit{g)
as also experimentally found in pyridine derivatives and and6" (b)].
correspondingN-oxides (the N- - -+C and O- - ---C distances TABLE 7: Percentage Composition (%) of the HOMO

are 2.864(2) and 2.754(2) A, respectivel§). Donor in Terms of Single Atom Fragments
It is noteworthy that in the interaction with the DMSQO, the

| atom can interact with either the S ato6f)(or the O atom in donor ° X=N.P.S c H
two different regiochemistries that we have denoted \gith (CHg)sN 66.42 (2p) 5.58 27.81 (1s)
and 6" (Figure 3). The I- - -S distance is longer than that in Eg:%ﬁ gg-gg 89;35) 122-5‘61 (292p,) 113(’)-10%((1155))
the adducB (Table 5). (CH)NO  88.11 (2§2p) 148 ! 4.66
_ Wher_eas t_he first row atom baseq don_or shows a weaker (CHs)sPO  73.43 (2p2p,) 12.33 (3gk.y) 9.51 313
interaction with the CH than the relative oxide, in agreement  pmso ) 59.08 (2p/2p,) 26.06 (3p) 8.89 6.35
with experimental evidenc®the second row atom based donors DMSO (6”) 61.48 (2p/2p,) 24.57 (3R) 8.67 6.21
show a stronger interaction. On the basis of our calculations DMSO (") 62.33 (2p) 23.40 (3p) 8.87 6.00

the orbital interaction term is responsible for this bonding energy

trend. To get a deeper insight into the influence of the>XO S) in the interactions involving (C8&N, (CHs)P, and (CH),S

X=N,P i lecular i i he &L~ -D (D . ; . . .
(: (CH;,)3I\'| SZéT_Ei rFr:o ?érbirsmt?éﬁ;moon(éfbipo rfmd as donors, and on the @ orbitals in those involving the oxides
DMSO) intermolecular interaction a study of the electronic (Table 7). The analysis in terms of the neutral fragments X

structure of the donors has been undertaken. (=(CHa)sN, (CHg)sP, (CHy)2S) and O shows the influence of
The donor HOMO, mainly involved in the interaction with  charge transfer between the O 2p orbitals and the-X,(P, S)
CFsl, is essentially localized on the Kp orbitals (X= N, P, np orbitals on the C§- - -donor interaction.
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TABLE 8: CHELPG and Mulliken Charges (e) for Isolated
Donors Involving in 1—6"" Adducts

(0] Xa C
adduct CHEPG Mulliken CHEPG Mulliken CHEPG Mulliken

1 —0.221 —-0.607 —0.269 0.126
2 —0.197 -0.020 -—-0.273 -0.164
3 —0.154 0.050 —0.420 -0.294
4
5

—0.582 —-0.684 0.400 —0.210 -—-0.459 0.120
—0.645 —-0.734 0.909 0.742 —0.562 —0.191

6' —0.417 -—0.753 0.289 0.834 —0.442 —0.328

6" —0.415 -0.752 0.283 0.828 —0.452 —0.327

6"  —0.423 —-0.754 0.298 0.827 —0.467 —0.325 (a) (b)

*X=N,P,S. Figure 4. Sketches of HOMOs fo6'" (a) and6'"' (b).

In the (CH)3NO donor there is a charge transfer from |___g\eaker than the I- - -O one. Indeed, the addishows

(CHz)sN—HOMO, mainly localized on the N atom, to the empty 5 weaker electrostatic contribution due to the strongly positive
electrons from the Oxporbital (whose population decreasesto  Besides, it is worth noting the substantial difference in the
1.77 e) as well. There is also a small charge transfer from the orpjtal interaction term between add@tand6'", essentially

O 2p, orbital (whose population decreases to 1.85 e) to the due to the different overlap contribution to the interaction
(CHg)sN virtual orbitals. Also in the (Ch)sPO donor a “charge  petween CH and DMSO orbitals. In particular, in Figure 4
exchange” is observed, but it seems more relevant. In fact, thesketches of HOMOs fo8" and6""' are reported; (SFO overlap
empty O 2p orbital receives a charge of 1.46 e from the (zR matrix DMSO-HOMO/CF3I-LUMO, which are mainly involved
HOMO (134), mainly localized on the P atom, whereas the O in the charge transfer (Table 9), is 0.087 and 0.060, for a and
2p/p; orbitals (whose populations decrease to 1.59 and 1.66 e,b, respectively).

respectively) transfer charge to (P virtual orbitals, in

particular to the (Ch)sP 154 (0.20 e) and (Ch)sP 164 (0.20 4. Conclusions

€) ones. Different types of adducts GF - -D (D = (CHg)aN, (CHs)sP,
In the (CH;)2SO donor there is a strong charge transfer (CHs;),S (CHs)sNO, (CHs)sPO, and DMSO) have been inves-
between O and (C§kS, as well. The O atom receives electrons  tigated. On the basis of our DFT calculations the;l€F-ON-
in its emptynp orbitals (2p=1.51 e, 2p=1.36 €, 2p=1.28 (CHs)3 adduct shows the strongest interaction energy.81
e, for6', 6, and6"’, respectively) and transfers electrons from kcal/mol, BBSE corrected) and the bonding energy trend is

full np orbitals (depleting their populations as follows: x 2p essentially determined by the orbital interaction tekif;.

1.59 e and 2p=1.63 e, 2p = 1.67 e and 2p= 1.70, 2y = TD-DFT calculations suggest that dispersion effects at the

1.76 e and 2p= 1.70, for€', 6", and6'"”, respectively). computed equilibrium distance of the adducts give only a small
On the basis of these results, the larger stability of adduct —contribution to the total bonding energy.

in comparison to adductsand5, and of adduc® in comparison All the studied adducts show a bonding energy comparable

to adducts, can be explained: the O atom is enough electron- to that of the hydrogen bond (i.ez2 kcal/mol), except the
rich to be a better donor than the N atom in addudh adduct ~ adduct’ (—0.94 kcal/mol, BSSE corrected), in which the | atom
5, instead, the O atom prefers to release electrons to the P atoninteracts with the S atom of the DMSO, for the steric tex&f.
instead of the I atom. On the other hand, the calculated CHELPG Al interaction energies have been calculated on geometries
and Mulliken charges of the isolated donors (Table 8) show optimized at the (s_.r.) ZORA level. Indeed, relatl_\/ls_tlc effects
that the O atom in (CEJsNO has a larger tendency to delocalize turn out to be very important for the correct description of |- - -
its charge on the | atom than in (GHPO because it is near the < distance and interaction energy trends.

N atom, which has a less positive charge than the P atom. Acknowledgment. We thank Prof. Giuseppe Resnati for

Similarly, one can understand the smaller stability of the ¢omments on a draft of the manuscript. Financial support
adducts6', 6", and6"" in comparison with the adduc-5. through grants within COFIN 99 from the ltalian Murst

It is interesting to explain the interaction energy trend in the (Ministero dell'Universitae della Ricerca Scientifica e Tecno-
adducts with DMSO. The interaction of the | atom on the O logica) and computational resources from European Union and
atom of the DMSO is more preferred than that on the S atom. Regione Basilicata by the way of LaMI is gratefully acknowl-
As reported in Table 6, the steric tetNE® makes the interaction  edged. P.R. thanks COFIN 99 for a fellowship.

TABLE 9: Mulliken Gross Population of Kohn —Sham SCF Orbitals of CRl and Donor D (D = (CH3)sNO, (CH3);PO, DMSO)
Fragments in 4, 5, 6, 6', and 6" Calculated at the s.r. ZORA Level

r A0AR  BCA)R  BT(AY r 50A)  6(A)
A’ CRl 10d 1.98 1.99 2.00 A CH 16a 1.99 2.00
114 (LUMO) 0.14 0.08 0.05 17a (LUMO) 0.06 0.08
D 10/84a (HOMO)b 1.88 1.93 1.97 D 16/13a (HOMO) 1.96 1.93
A" CRil 6d' (LUMO) 1.99 2.00 2.00
D 6/5&'(HOMO)b 2.00 2.00 2.00

aThe ground-state configuration has been reported in parentiel@e.and 64 refer to HOMOSs, in the Aand A’ irreducible representations,
respectively, of the addudt whereas 8aand 54 refer to the adduct§’ and6'"’. ¢ 16a and 13a refer to HOMOs of the addus&nd6', respectively.
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