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Abstract

The CH_, X, —NH3; (n = 0-3; X = F, Cl, and Br) donor—acceptor complexes were investigated at the G2MP2 level of theory. The
G2MP2 results show that the successive fluorine, chlorine, and bromine substitution on the carbon decreases the stahilify efNGH,
CHs_,ClF—NH3, and CH_,Brf—NH; complexes. The NBO partitioning scheme shows that elongation-& C—Cl, and G-Br bond
lengths upon complexation may be attributed to a decrease in the “s” character of these bonds. It also shows that there is no correlation
between charge transfer and the complexation energy.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ion—molecule donor—acceptor complexes formed between
halogenated methyl cations with ammonia in the present
Intermolecular forces play a key role in a variety of study. Very recently we have also reported a computational
important phenomena in chemical physics as well as in study of the CI@‘—NHg_an (n=0-3;X=F and ClI) inter-
bio-disciplines[1,2]. lonic complexes isolated in the gas actiong[5]. This paper may be regarded as a subsequent part
phase may serve as attractive model systems for study-of our previous investigations of the structure and stability of
ing the ion-ligand interaction potentials from both exper- ion—molecule donor—acceptor complexes. Inthis work, we re-
imental and theoretical viewpoints. The combination of portthe results from our investigation of the €5 X;"—NH3
high-resolution spectroscopic techniques with contemporary (n=1-3;X=F, Cl, and Br) donor—acceptor complexes at the
quantum-chemical approaches has provided a rather detaileds2MP2 level of theory. The electronic structure of these com-
knowledge of the intermolecular potential energy surfaces plexes was analysed and also the relative stabilities of various
(PESSs) of a variety of small dimers and trimdg8j. Re- molecular species considered were examined.
cently, the interaction between fluorinated methyl cations
(CFg, CHyF*) and alkyl nitrile cluster ions was studied
by Alvarez et al.[4]. To the best of our knowledge, there 2. Computational details
is no comprehensive comparative study of the interaction
between halogenated methyl cations (super Lewis acids) All ab initio calculations in the present study were per-
and electron donor moieties in the literature. This has mo- formed using GAUSSIAN9S series of prografés Geome-
tivated us to perform a computational investigation of the try optimisations were performed at the MP2(full)/6-31G(d)
level of theory; the zero-point vibrational energies (ZPE)
* Corresponding author. Tel.: +98 8612777401; fax: +98 8612774031. Were obtained from the HF/6-31G(d) harmonic vibrational
E-mail addressm-solimannejad@araku.ac.ir (M. Solimannejad). frequencies (scaled by a factor of 0.893). G2MP2[8]
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calculations were subsequently carried out for the optimised
geometries at MP2(full)/6-31G(d) level of theory, in order to
study the energetics of the systems considered. The charge
distribution in the complexes was analysed employing the
natural bond orbital (NBO)9] partitioning scheme at the
MP2(full)/6-31G(d) level of theory. Atomic populations ob-
tained from this analysis have been shown to be much less
basis set dependent than those obtained from the Mulliken
population analysi§l0]. On other hand, we did not correct
the energies for the basis set superposition errors (BSSE),
which are expected to be relatively small at the employed
level of theory, since the rather large basis set — 6-311 +
G(3df,2p) — was used. Thus, the BSSE is expected to have
just a negligible effect on the calculated complexation ener-
gies[10,11]
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3. Results and discussion

First, we have investigated the two possible structures
(staggered and eclipsed conformations) for all complexes
of the CH_, X;"—NHj3 type ( = 0-3;X = F, CI, and Br)
at the RHF/6-31G(d) level of theoryrig. 1). From calcu-
lated frequencies for these optimised geometries, the stag-
gered optimised conformations were characterised as min-Fig- 1. Eefinition and num+bering schemes ofthigeometrical parameters of:
ima and the eclipsed ones were characterised as transitiorﬁ‘r)) Zﬁ(r:n —NH:X, (b) HsCT—NHX,, and () HC'—NX; (X = F, Cl, and

. . ) plexes in staggered and eclipsed conformations.
structures (first order saddle points on the PESS) in the case
of all complexes considered. All the structures correspond- the calculated 2s contributions of carbon atoms in th&,C
ing to minima were reinvestigated at the MP2(full)/6-31G(d) C—-Cl, and G-Br bonds using the NBO partitioning scheme at
level of theory. The fully optimised geometry parameters the MP2(full)/6-31G(d) level of theory are shown Table 3
(within the Cg, symmetry for O(g—NHs and Cs symme- the calculated complexation energies of £kX;F—NH3 (n
try for CHpXT—NH3 and CHX}—NHg complexes) for all = 0-3; X = F, CI, and Br) complexes at G2ZMP2 level are
species studied in this work are givenTiable 1 In Table 2 given. The NBO-MP2(full)/6-31G(d) charge transfers from
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Table 1

Selected optimised bond Iengtrﬁ;)(and bond angles (deg) of free GH, X;I (n=0-3,X =F, Cl, and Br) cations and corresponding complexes withs NH
Species EN N—H C—X C—H /H—C—N LX—C—X /X—C—H /H—C—H
NH3 1.017

CHs™ 1.089 120.0
CHyF* 1.242 1.090 116.9 126.1
CHF} 1.243 1.092 118.2 120.9

CF} 1.245 120.0

CHyCIt 1.588 1.090 119.3 121.3
CHCL* 1.621 1.091 124.2 117.9

cc 1.647 120.0

CH,Br* 1.740 1.089 119.2 121.6
CHBr} 1.779 1.091 1243 117.9

CBrf 1.810 120.0

CH—NH3 1.509 1.028 108.2

CHFT—NH3 1.513 1.030 1.353 1.089 108.1 111.4 112.8
CHF;—NH3 1.517 1.031 1.330 1.090 110.3 111.5 112.2

CF;—NHs 1.517 1.033 1.316 111.0

CH,CIt—NH3 1.512 1.031 1.741 1.089 107.4 111.0 111.1
CHCI;—NH3 1.519 1.033 1.741 1.090 106.9 114.7 110.1

CCI{—NH3 1.528 1.033 1.746 112.6

CHzBr*—NH3 1.508 1.032 1.916 1.088 108.2 110.2 111.8
CHBr;—NH3 1.512 1.033 1.915 1.089 108.1 114.1 110.0

CBr;—NHs 1.519 1.034 1.922 112.4




M. Solimannejad et al. / International Journal of Mass Spectrometry 237 (2004) 119-122 121

Table 2

2s MP2-NBO contributions of carbon atoms in thef C—CI, and C-Br bonds (%)

Species 28-r) Species 28— Species 28-8r
CHoF* 26.27 ChHCIt 29.58 CHBr* 28.62
CHF} 28.94 CHCy+ 31.36 CHBp™ 30.88
CF:;r 33.29 CCyt 33.27 CBg* 33.29
CHoFt—NH3 21.13 CHCIT—NH3 22.60 CHBr+—NH3 22.97
CHFZ*—NH3 22.84 CHC;—NH;, 24.13 CHBE—NHg 20.80
CF—NH;3 25.32 CC}—NH3 25.86 CBE—NH3 25.36

the NH; Lewis base to ChL, X;" (n=0-3;X=F, Cl, and creases only slightly~ 7-10 degrees) in going from the
Br) Lewis acids ;) are presented ifiable 3 The complex- isolated CH_, X,/ (n=1-3;X=F, Cl, and Br) ligands to the
ation energies are calculated as energy differences betweemomplex adducts of the GH,, X, —NH3 type.
the donor—acceptor complexes and the respective monomeric  The G2MP2 calculated complexation energies of
species. CH§“—NH3_,,X,1 (n = 0-3; X = F, Cl, and Br) reported in

As it may be concluded Fronfable ] there is a small  Table 3 show that the successive fluorine, chlorine, and
distortion of the N-H and G-H bond lengths upon com-  bromine substitution in the Cflmoiety leads to a decrease
plexation. Moreover, the present calculations also predict ain the acidity, which is indeed reflected in the stability of
lengthening of the EX bonds. This is in agreement with the  the corresponding complexes. Upon halogen substitution on
natural bond orbital analysis-derived results for these bondscentral atom (C) of the acceptor fragment, the complexa-
(Table 2. Indeed, the NBO-MP2(full)/6-31G(d) calculations tion energy decreases. This effect is slightly more important
show that in the case of isolated €H X, (n=1-3;X=F, when substitution with bromine occurs. Indeed, the bromine
Cl, and Br) moieties the acceptor “C” atom has a larger “s” substitution destabilises the complexes 88, ~55, and
character in comparison to the situation in the complexes. ~65 kcal/mol in the case of G#Brt—NH3, CHBr;—NH3,
Hence, we can deduce from these results that this changeand CHBE—NH3, respectively. The chlorine substitution
alone would imply a lengthening of the bond length due to destabilises the complexesb®6,~52, and~62 kcal/molin
the decrease “s” character of these boffdble 2shows that ~ the case of ChICI*-NH3, CHCL—NH3, and CHC}—NHs,
the 2s atomic orbital (AO) contributions of C in the-K respectively. The fluorine substitution destabilises the com-
bond lengths are more important in @H X, (n=1-3;X = plex by ~24, ~34, and ~29kcal/mol for CHF"—NHg,
F, Cl, and Br) moieties than GH,, X;"—NHz complexes. So, CHF;—NHg, and CH%—NHg, respectively. To summarize,
one can straightforwardly understand why there is an elonga-in the series with the fluorine substitution there is a gen-
tion of the G-X bond length upon complexation in all of the eral trend of decreasing complexation energies upon substi-
presently studied cases. On the other hand, we can observéution, butin this case the trend is broken since-&@#¥Hs has
from Table 1that the G-X bond length of CH_,F—NH3 larger complexation energy than its congenial GHRH3
series decreases as n goes from 1 to 3. This irregular trendspecies. We suggest that the unusual destabilisation of the
is due to C—F* electrostatic attraction which increaseras ~ CHF;—NH3 complex is due to +F repulsion, since the-
goes from 1 to 3. Indeed, the NBO analysis shows that the bond becomes shorter and the net atomic charge increases
electrostatic attraction increases since the net atomic chargen going from CE—NH3 (dr—f = 2.181A, gr=-0.31e)to

increases on going from CFZ'HNHg (de—F = 1.353,&, dc = CHFE—NH3 (de—f = 2.013,&, gr = —0.33e). The same trend
0.21e, andjr = —0.33€) to CHE—NH3 (dc—r = 1.3304, has been recently observed in theBPHs;—,F, type (1 =

gc = 0.793e, andjr = —0.33€), and to CK-NH3 (dcr = 0-3) complexe§l?] as well.

1.316A, gc = 0.1.302 e, ande = 0.31€) On the other hand, one can see, from the NBO-

Regarding the/X(H)—-C—X(H) bond angles, it is worth ~ MP2(full)/6-31G(d) analysisTable 3, that there is no corre-
noting that there is no notable deviation of these pa- lation between charge transfer and the complgxanon energy.
rameters going from isolated GH,X; species to the  FOr all the complexes, the charge transferred is about 0.66 e,
CHs_, X;—NH3 complexes. This bond angle in fact de- while the complexation energy decreases when descending

Table 3
G2MP2 complexation energiekd) (kcal/mol) of CH_, X;F—NHj3 (n = 0-3;X = F, Cl, and Br) complexes, and NBO charge transfe@egelectron) from
NH3 to CHs_, X

Complexes Ec Qt Complexes Ec Q Complexes Ec Q

CHj—NHg —10250 0.66 CH—NHs —-10250 0.66 CH—NH3 —10250 0.66
CH2F™—NH;z —7865 0.63 CHCI*—NH3 —66.70 0.66 CHBr—NH; —64.40 0.66
CHF}—NH3 —-6847 0.63 CHC3—NH3 —50.46 0.66 CHBE—NH3 —47.82 0.66

CF;—NHs —73.77 0.64 CCl—NHs —4091 0.66 CBE—NH3 —37.08 0.66




122 M. Solimannejad et al. / International Journal of Mass Spectrometry 237 (2004) 119-122

in the corresponding periodic table column, from fluorine to  [3] E.J. Bieske, O. Dopfer, Chem. Rev. 100 (2000) 3963.
bromine atoms, and with the degree of halide substitution at [4] J. Alvarez, J.W. Denault, R.G. Cooks, J. Mass Spectrom. 35 (2000)

the carbon atom. 1407. _ _
[5] M. Solimannejad, A. Boutalib, J. Mol. Struct. (Theochem.) 672
(2004) 113.
4. Conclusion [6] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb,

J.R. Cheeseman, V.G. Zakrzewski, J.A. Montgomery Jr., R.E. Strat-

L . . . mann, J.C. Burant, S. Dapprich, J.M. Millam, A.D. Daniels, K.N.
The substitution effects on complexation of ammonia with Kudin, M.C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R.

halogenated methyl cations were investigated at the G2ZMP2  Cammi, B. Mennucci, C. Pomelli, C. Adamo, S. Clifford, J. Ochter-
level of theory. The G2MP2 results show that the stability of ski, G.A. Petersson, P.Y. Ayala, Q. Cui, K. Morokuma, D.K. Malick,

the NHs—CHs_, X" (n= 0-3;X = F, Cl, and Br) complexes A.D. Rabuck, K. Raghavachari, J.B. Foresman, J. Cioslowski, J.V.
d Eﬁ tﬁ d ’ fh |"d ’ bstituti t th Ortiz, B.B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi,
ecreases wi e egree_o alide substiution at the car- R. Gomperts, R.L. Martin, D.J. Fox, T. Keith, M.A. Al-Laham, C.Y.
bon atom. Upon complexation, the MP2(full)/6-31G(d) cal- Peng, A. Nanayakkara, C. Gonzalez, M. Challacombe, P.M.W. Gill,
culated structural parameters of BHCHs_, X;" complexes B. Johnson, W. Chen, M.W. Wong, J.L. Andres, C. Gonzalez, M.
show elongation of EX (X =F, Cl, and Br) bonds. The anal- Head-Gordon, E.S. Replogle, J.A. Pople, Gaussian98, Gaussian, Inc.,
ysis of the electronic densities using the NBO partitioning Pittsburgh. PA, 1998. _ _ »

h h that this ch . lated to the “s” ch t [7] J.A. Pople, H.B. Schlegel, J.S. Binkly, M.J. Frisch, R.A. Whitside,
_S’C eme shows thal this Change Is refaled 1o the 's” character R.F. Hout, W.J. Hehre, Int. J. Quantum Chem. Symp. 15 (1981)
in these bonds. 269.

[8] L.A. Curtiss, K. Raghavachari, J.A. Pople, J. Chem. Phys. 98 (1993)
1293.
References [9] AE. Reed, L.A. Curtis, F. Weinhold, Chem. Rev. 88 (1998)
269.
[1] P. Hobza, R. Zahradnik, Intermolecular Complexes: The Role of van [10] N.G. Mikahli, A. Pross, L. Radom, J. Am. Chem. Soc. 117 (1995)
der Waals Systems in Physical Chemistry and in the Biodisciplines, 2024.
Elsevier, Amsterdam, 1988. [11] Y. Mo, J. Gao, J. Phys. Chem. A 105 (2001) 6530.

[2] G.A. Jdirey, W. Saenger, Hydrogen Bonding in Biological Systems, [12] H. Anane, A. Jarid, A. Boutalib, I. Nebot-Gil, F. Tdmm, Chem.
Springer, Berlin, 1991. Phys. Lett. 324 (2000) 156.



	Computational investigation of CH3-nXn+NH3 (n = 0-3; X = F, Cl, and Br) interactions
	Introduction
	Computational details
	Results and discussion
	Conclusion
	References


