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Cation—sr and the corresponding aniem interactions have in general been investigated as binary complexes
despite their association with counterions. However, a recent study of the ammonia channel highlights the
important but overlooked role of anions in catiem interactions. In an effort to examine the structural and
energetic consequences of the presence of counterions, we have carried out detailed ab initio calculations on
some model cationz—anion ternary complexes and evaluated the nonpair potential terms, three-body
contributions, and attractive and repulsive energy components of the interaction energy. The presence of the
anion in the vicinity of ther system leads to a large redistribution of electron density and hence leads to an
inductive stabilization. The resulting electronic and geometrical changes have important consequences in
both chemical and biological systems. Compared to cationanion ternary complexes, the magnitude of

the cation-sr interaction inr—cation—anion ternary complexes is markedly lower because of charge transfer
from the anion to the cation.

1. Introduction amino acid (Asp?® plays a crucial role in governing the
o ) ) ) ammonium cation-attracting capabilities of some of the aromatic
Investigations of noncovalent intermolecular interactions have gmino acid residues close to the channel provided additional
in general involved hydrogen bonds, hydrophobic interactions, jmpetus to this investigatio®. It is particularly interesting to
and IOH.IC mtergctlons. H(?WGVEI’, in the recent past, intermo- note that the hydrophobic aromatic residue ("F?pshields the
lecular interactions involvingr systems have attracted a lot of hegatively charged (A3f) residue from the solvent. Therefore,
interest because of their utility in molecular recognition, rational gq|yent effects would not have a significant influence on the
material design, creation of molecular materials with desirable ¢4tjon-z—anion interactions prevalent in these systems.
physical properties, elucidation of enzymatic reaction mecha-  pjike cation- interactions, which have been the focus of ex-

hisms, understanding biomolecular structures; €ttlonethe-  tengjye theoretical investigations, there are relatively few studies
less, it has also been realized that the relevance of theseyq interactions involving anions and system&-26 This is

intermolecular interactions stems from a delicate balance of hecayse of the fact that interactions involving anionszasyls-

competing and cooperative interactions: tems are predominantly dominated by dispersion eneféjigeere-
Generally, theoretical investigations of intermolecular interac- fore, an accurate theoretical description of these interactions
tions have mostly focused their attention on binary complexes. requires both large basis sets to describe the diffuse nature of
However, most intermolecular interactions involve ternary the anion andr systems and the explicit inclusion of electron
complexes, as can be noted from extensive studies on thecorrelation.
adsorption and distribution of ions at the interface of water and  We employed a combination of different theoretical methods
crown ethers? the relative arrangement of ions at the vapor/ to obtain a comprehensive insight into the nature of interaction
liquid interface of atmospheric particle surfaééstc. On a  of ternary catior-z—anion complexes. We initially carried out
similar note in biological systems, a lot of interest has been conventional supermolecular (SM) calculations on ternary
evinced on the structure determining roles of noncovalent complexes containing benzene, cations (INat, K+, NH41),
interactions in the presence of competing fortes. and anions (F, CI~, Br-) to obtain the optimized geometries
Against this background, we thought it would be of interest and interaction energies. The interaction energies were then
to extend our extensive work on binary systems containing decomposed to obtain the two-body, three-body, and relaxation
systems to ternary complexes involvingystems. It is pertinent  energy contributiond’-2% We also carried out perturbational
to note that electrostatic interactions between the anions andcalculations on the optimized geometries to obtain the magni-
cations have been implicated in facilitating cationinteractions tudes of the individual attractive and repulsive energy tefms.
in the solid and liquid staté§-1° The recently determined X-ray  An analysis of the electron densities of these ternary complexes
structure of the ammonia channel, wherein a negatively chargedwas carried out to obtain more insight into the interactions, viz.,
geometries and the magnitude of the individual interaction
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v TABLE 1: MP2/6-31+G* Interaction Energies and
0 Intermolecular Distances of the Binary M*---CsHg and
CeHe X~ complexes

Q % = R
X~-CgHg

F 2.87 3.46
Cl- 2.69 3.79
9 9 Br- 214 3.89
Feun
K+“'C6H{,"'CI NHI“'CL-,Hg'"C] Li+ M _3266%6 1.91
Figure 1. Representative structures of (a) the complex of llenzene, Na* —22.14 2.40
and CI, and (b) the complex of NH, benzene, and Clwith K, K+ —15.47 2.90
NH,*, and CF fixed along the & axis of benzene. NH4* —15.74 2.99

method or perturbational methofsAlthough the SM method ®Ey is the BSSE-corrected binding energy in kcal/mRl, (A)
: denotes the perpendicular distance from the center of the hexagonal

is conceptually and computationally simple, it does not provide \jng of the benzene molecule to the ion (the ion position ofsNH
a clear picture of the individual interactions. On the other hand, corresponds to the nitrogen atom).
perturbational methods compute the interaction energy directly
as a sum of electrostatic, exchange, induction, and dispersiondue to the electronic cloud deformati <2igp is the second-
contributions; hence, a physical interpretation of the interactions order dispersion energ)ﬁgx)cwisp denotes the second-order
between the complex monomers can be obtained. correction for a coupling between the exchange repulsion and
2.1. Supermolecular CalculationsAll the SM calculations the dispersion interaction, arﬁd;f includes the higher order
were carried out at the second-order MgtiBlesset (MP2) level  induction and exchange corrections. Because the BSSE correc-
of theory using the 6-3tG* basis set. All electrons were tjon is explicitly included in evaluating the SAPT interaction
explicitly correlated in MP2 calculations. The optimizations were energies, the BSSE corrected supermolecular interaction energy
carried out on structures, wherein the cationt(LNa*, K*) (ES™) would be similar to the SAPT interaction enerdg:.
and anion (F, CI", Br~) were aligned along thedaxis of the Given the size of the systems and the level of theory
7 system (benzene). In the case of complexes involving™NH  empjoyed in this study, it was not feasible to evaluate the
the nitrogen atom of the ammonium cation and the anion were ¢ompytationally demanding higher order components using the
aligned along the € axis. Two representative optimized pasis sets employed in the SM calculations. Therefore, we used
structures (K-+-CeHe-+-CI™ and NH;™++-CeHg+-Cl™) are shown e 6-31G* basis set and restricted the order of energy
in Figure 1. Basis set superp05|t'|on error .(BSSE) corrchops componentsi{ < 2). Accordingly, one should expect a slight
for all these complexes were carried out using the counterpoisegeyiation of the total interaction energies evaluated using SAPT
(CP) method of Boys and Bernardi. _ and SM calculations. This, however, does not affect our
The natural bond orbital (NBO) analysis method has been concjusions based on the magnitude of the individual interaction
employed to evaluate the atomic charges in all the compiéxes, energy components, as was shown in recent pdpetsA
because unlike most other charge partitioning schemes, it is yetajled description of SAPT and some of its applications can
unaffected by the presence of diffuse functions in the basis set.pe found in some recent referendes3 46-48
The NBO charges reported in this study have been calculated 5 3 Many-Body Energy Decomposition.One can also
using the densities obtained at the MP2 level. analyze the interaction energies of these ternary complexes in
All the SM calculations were carried out using the GAUSS-  terms of the contributions of the two-body and three-body
IAN suite of programs} and the electron density analysis was conributions. Thus, the total energy of the ternary complex is

carried out using the GAMESS suite of prograftfs. analyzed in terms of the contributions of the two-bod)(
2.2. Symmetry-Adapted Perturbation Theory Calcula- three-body Ejx), and relaxation,) terms27-30

tions. In this study, the perturbational calculations were carried
out using the optimized geometries of all the complexes that 3. Results and Discussion
were obtained from SM calculations. The perturbational calcula-
tions of the binary systems M-«(sz++X™), (MT++7)*+- X~ were
performed on the optimized geometries of the corresponding
ternary complexes (Nt-+m++-X").

The symmetry adapted perturbation theory (SAPT) interaction
energy up to the second ord&;y, is given by

We initially carried out calculations on the binary complexes
of benzene with different cations and halide ions. Expectedly,
the negatively charged halide anions exhibit a repulsive interac-
tion and the positive charged cations exhibit an attractive

interaction with benzene (Table 1). In the case of interactions
involving the anions, the interaction energy is less repulsive

Ep = for the larger sized anions. On the other hand, the interaction
energy is less attractive for the larger sized cat/drs.
1 1 2 2 2 2 HF
EQ + ESL+ EQ +EQ o+ Egi_zzp+ E(ex)cmnsp‘Ir Oint It should be noted that the most stable gas-phase structure of

—E +E _4+E +E. the ternary system Woulq be 'gher-(-MJf---X—) complex. .
es ' Texch © Hind disp However, we do not consider this structure because most ion
_ O ) (2) HF pairs would dissociate in polar solvents and moreover in the
(Eexen= Ecien+ Eexen-ina T Ecen-cisp T O @) process of forming a contact ion pair with an anion, the positive
a - . , charge of the cation is dramatically reduced. Thus, in the case
where Eg¢ is the electrostatic energy of monomers with the ¢ 1o ternary benzemeNH,"-+-Cl~ complex, the ion pair
unperturbed electron distribution&gy),, is their first-order  transforms itself into the more stable and neutral benzene
valence repulsion energy due to the Pauli exclusion principle, NHg..-HCI complex. In this process, the stabilization of 16 kcal/
E!%) stands for the second-order energy gain resulting from the mol accruing from the cationz interaction of the benzene and
induction interactionE,(fx)Cand represents the repulsion change the ammonium cation is drastically reduced to 2.0 kcal/mol
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TABLE 2: Calculated (MP2/6-31+G*) Intermolecular interaction is being stabilized by electrostatic interactions due
Energies and Intermolecular Distances of All the to the presence of the cation, an analysis of the charges (Table
M7*-:-CeHe X~ Complexes 3) did not provide any indications of the same.
E° The energy decompositions of two-body systems have been
X~ Mteeq MteX~ oeX~ 3 Epd En® Eov Ryter Rpex well documented. However, the same cannot be said for three-
M+ = Li+ body systems. We, therefore, in Tables 4 and 5, examine the
F~ —33.64 —81.22 9.45 —105.41 —8.48 0.37—-113.52 1.79 242 ternary (Mf---z---X~) complex in terms of intermolecular
(83:: :gi-gg :;g-g‘?‘f 22? :g;-gg :g-gg 8-23:13‘3‘-32 1-21 g-gg interactions involving the binary systemr{gM*---x)---X",
: : : M+.—Na+ : : : : : (7re++X"), (M+'...Xf)' M*ee(z+++X~) and @."M+)}' Eor the
F- —21.24 —71.80 7.92 -85.13 —8.56 0.89 —92.79 2.25 2.47 Saki of bre\gty, tEe numbers have Eeen given onl_y fpr the
Cl- —21.60 —64.36 685 —79.10 —6.81 1.05 ~84.87 2.27 304  iNa'--zX", X =F, Cl, B} and{M"--z--CI", M = Li,
Br- —21.69 —62.97 5.68 -—78.95 —6.29 1.03 —84.22 2.28 3.19 K, NH4} complexes. It can be noted from Table 4 that the
M+ =K+ magnitude of dispersion energies is nearly the same in the
g —1;1.;51 —gg.ig g.gg —g.gg —Z;.E 123 —;g.% 3% g.gg (M*++=7)-+-X~ and (z-+--X~) complexes. A similar observation
Br- 1517 5721 521 6718 571110 —7Leo 274 322  C2n be madein the case of the'M(z--X") and (M™-z)
M — N pomple?(es in Tab!e 5. Though the _|n.creased eIectrostatlc
F- —1598 —64.67 7.2 —7353 —0.45 2.13 —80.85 2.79 251 interactions in the blnary systems contalnujg.both the anion and
Cl- —16.18 —-58.30 6.18 —68.31 —7.46 2.10 —73.67 2.80 3.08 the cation can be attributed to the Coulombic interaction between
Br- —16.20 —57.04 5.05 —68.19 —6.952.00 —73.15 2.8¢ 3.23 the cation and the anion (Tables 4 and 5), the increase in the
Cle-1867 —59.17 4.91 -72.93-12.58 1.81 —83.70 2.73 2.98 magnitude of the attractive induction energies and repulsive
2 All energies (in kcal/mol) are BSSE-correctéd; and Ej are exchange energies is interesting. One plausible explanation is
the two-body and three-body interaction energids is the total that the presence of the cation and the anion on the opposite

relaxation energy which is expressed as the difference of the isolatedsjdes with respect to the system enhances the polarization of
and complexed monomer energies constituting the ternary complex.theﬂ system

dWhen M* is NH;*, Ru+...; is defined as a distance between center of

benzene ring and N atom of NE € MP2/aug-cc-pVDZ results. Before we discuss this issue in terms of the electron density
difference maps, we think it would be useful to examine the

(interaction energy of the benzenlHs complex)’® A smaller ~ €energetic details of the l\udl---n---CI*_comEIex in terms of

but still significant change could be noted also in the case of the corresponding binary systems'(X™), (M*+--x), (X~++7),

the benzene-NH,™+--HCOO™ complex!8 MFeee(ree=X7), (MFeeer)eeo X, (M*++-X7)-+r at the aug-cc-

In light of the above, all our calculations of ternary complexes PVDZ level (Table 6). The sum of two-body interaction energies
have been carried out on the {M-z++-X~) structural motif. ~ can be given a&E; (—74.80 kcal/moly= Ey*...x (—59.86 kcal/
Apart from understanding the role of thesystem, calculations ~ MOl) + Ew*... (=18.54 kcal/mol}t E...x (3.60 kcal/mol). For
on such a structure would also help understand the roles of bothEm*--x, the electrostatic enerdes (—58.85 kcal/mol) is the
the anion and cation in modulating the corresponding cation ~ Major attractive energy component, whereas for Hagh....

and anior- interactions. andE...x-, the induction energieSig (—22.29 and-24.54 kcal/
In Table 2, the intermolecular distances between the anion M0l) are the dominating contributors to the total two-body
and GHs (R....x) and between the cation andtG (Ru...) attractive energy. It is interesting to examine the modulation of

and the corresponding two-body, three-body, and relaxation the energies, when we add the third molecule/ion to the binary
energies of these M--X~ complexes are listed. It can be seen Systems discussed above, viztvh(zz+-X"), (MT+++7)++-X",
that the presence of the counterion on the other side ofrthe and (M"+-X7)--z. When the cation (M) interacts with the
system leads to the anion or cation being pulled much closer to(7***X") system, the total interaction energy is larger in
the benzene molecule. However, this effect is more perceptible Magnitude than the sum of the corresponding binary interaction
in the case of the aniefr interaction. Thus, in the presence of €NergiesEu..x- andE,...x. When we analyze this difference
cations, the anions are pulled much closer to the benzene atomiN terms of individual interaction energy components, one notes
with the decrease iR,...x ranging between 0.6 and 1.0 A. that the induction energ§q = —4.62 kcal/mol) predominantly
The energies listed in Table 2 indicate that the two-body "€Sults from the charge reorganization of thesystem in the

cation—z and the electrostatic catiernion interactions are the ~ térnary complex. The magnitude of the electrostatic enefgy (

main contributors to the total interaction energy. Expectedly, — —10-14 kcal/mol) reflects the changes in the magnitudes of

the anion-z interactions are repulsive in the equilibrium the charge densities as a result of the re'organization. A'similar
geometries of the corresponding ternary complexes. It is OPServation can be made, when the aniom)(Kiteracts with
interesting to note in Table 2, that the magnitude of the three- te binary ---M™) system.
body contributions to the total interaction energy is slighty ~ Given this background, it would be interesting to examine
larger than that of the repulsive aniem interaction energy in the modulation of each of these interaction energy components
case of the N K* and NH;t cation containing ternary ~ When the cation or anion is brought close to the corresponding
complexes. To ascertain the veracity of this observation, we anion—s or cation-z complex. Therefore we carried out DFT-
carried out calculations on the NHz-Cl- complex using the ~ SAPT calculations using the aug-cc-pVDZ basis set on both
aug-cc-pVDZ basis set at the MP2 level. It can clearly be seen the Na+-z++-CI~ and NH;*+++z++-CI~ complexe$? It should
from Table 2, that the MP2/aug-cc-pVDZ results reinforce the be reiterated that both conventional SAPT and DFT-SAPT yield
MP2/6-31HG* observations with the difference in magnitudes nearly identical results. Moreover, we are only interested in the
being vastly enhanced. relative trends in the interaction energies and therefore we
It is therefore interesting to examine the underlying factors believe that the DFT-SAPT results would be quite reliable.
responsible for the enhancement of the three-body interaction It can be seen from Figure 2, that the close approach of the
energies vis-a-vis the corresponding two-body interaction ener- Cl~ to the z--*Na" and thex---NH;" complex leads to an
gies. Although it might be possible that the repulsive arian increase in the magnitude of both the electrostatic and induction
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TABLE 3: MP2/6-31+G* Charges of All the MT++-CgHg*--X~ Complexe$

Lit Na* K+ NH4*
F- Cl~ Br- F Cl~ Br- F- Cl- Br- F- Cl~ Br-
M+ 0.91 0.92 0.92 0.94 0.95 0.95 0.98 0.98 0.98 0.90 0.91 0.91
CeHe 0.07 0.05 0.04 0.04 0.02 0.01 0.01 0.00 —0.01 0.08 0.06 0.06
X~ —0.98 —0.97 —0.96 —0.98 —0.97 —0.96 —0.99 —0.98 —0.97 —0.98 —0.97 —0.97

aThe charges (au) have been obtained using the natural bond orbital methodology and the MP2 densities. For the sake of brevity, only the net

charge of the aromatic system is listed.

TABLE 4: MP2 Equivalent SAPT Interaction Energies of
Several Representative (M—CgHg)-+-X~ Complexes and
Their Subcomplexes Evaluated Using the 6-31G* Basis Set

TABLE 6: SAPT Decomposition of the Binding Energy
(kcal/mol) of the NH4"+++(CgHe++-CI~) Complex and lts
Subcomplexes at the MP2/aug-cc-pVDZ Level

Na* Cl- Eint Ees Eind Edisp Eexch
F Cl- Br- Li* K+ NH4* Ent..x: —59.86 —58.85 —0.90 —0.06 0.05
I Emter -18.54 —17.56 —22.29 —9.94  36.32
Em —7392 —6530 —64.40 —72.59 —57.81 —57.08 Erx 360 —54l 2454 —1323 4641
B B B _ B B py= —7480 —81.81 —47.73 -2323  82.77
Ees 94.36 76.25 75.89 85.23 67.98 67.53 =
M*@xy)  —87.60 —86.55 —27.81 —10.82 44.51
Eexch 68.68 44.71 52.96 49.94 40.88 40.51
_ _ _ _ _ _ OE(rxy -920 -10.14 —462 —-0.83 8.14
Eina 40.84 27.36 32.89 30.41 24.78 24.25
= 740 —640 -859 -689 -593 581 Em*mpxc  —65.42 —73.03 —27.50 —12.77  48.14
P ’ ’ ' ' ' ' OEm*.m) —9.16 —8.78 —2.06 0.52 1.68
Ep-x- Em*x)y-x —25.64 —31.70 —80.57 —25.74 117.18
Eint 9.07 6.86 6.20 7.50 6.56 8.40 OEm*...x) —10.70 —8.73 —33.73 —2.57 34.45
Ees —-11.61 —-452 —-593 -538 —-3.73 —2.29 . . .
Eeen 6512 4166 4926 4576  38.17  37.75 2 All energies are in kcal/mol. All the calculations for the subcom-
E.s —36.79 —-2366 —28.25 —2567 -21.81 -21.13 plexes were carried out at the optimized geometries of the corresponding
Essp —7.66 —6.62 —889 —7.20 —6.07 —5093 ternary complexes.
Entox- . _ .
E. —7564 —65.66 —64.87 —7347 —59.47 —59.22 R...x- intermolecular distance as comparedRg-..., in the
Ees —74.81 —6459 -63.26 —71.66 —58.77 —58.48 equilibrium geometry, we believe that this observation indicates
Eexcn —0.04 —-023 -041 -057 -0.06 —0.07 that the presence of counterions (anions) plays an important
Eina —8-88 —%%36 _é-go —%-20% —8-83 —8-82 role in enhancing the large induction-driven energy of the
Eaisp : : —001 ' e e cation—z interaction.

a All energies are in kcal/mol. All the calculations for the subcom-

These changes in the interaction energies can also be

plexes were carried out at the optimized geometries of the correspondingyjsyalized in terms of the electron-density redistribution upon

ternary complexes.

TABLE 5: MP2 Equivalent SAPT Interaction Energies of
Several Representative (M—CgHg)---X~ Complexes and
Their Subcomplexes Evaluated Using the 6-31G* Basis Set

the formation of the ternary complex. In Figure 3, the electron
density difference distribution of the Ne-z, Cl=---z, and

Nat---z---Cl~ complexes are shown. It can be seen that the
formation of the ternary complex is associated with an increase

cl- Na* in the electron density in the region between the"Nand
Uit K+ N - e Br- benzene and a decrease in the electron density in the l_region
— be’aweeln the benzengt ang;C]I’htfe tr;]resléance of Ibo'[th the Icat(ljon
o and anion on opposite sides of the benzanelectron clou
E:S‘ :ié;:gg :gg:gi :gi:ég :igg:gg :gg:g? :gg:g(l) leads to a strongly polarized reorganization of thelectron
Eorcn 2302 3523  29.10 40.20 3489 3450 density. This brings the anion closer to theystem and thereby
Ena  —37.90 —28.25 —21.53 —38.21 —35.11 —35.25 leads to an enhanced binding energy gain. A similar conclusion
Edisp -053 -289 -584 079 -0.75 -0.74 can be made from Figure 4, wherein the electron density
Ept difference distribution of the NJt---z+--Cl~ is depicted.
Ene  —37.40 —16.27 —17.52 —24.53 —24.50 —24.61
Ees -21.92 —18.30 —19.16 —22.54 —-21.78 —21.73 4. Conclusions
Eexch 18.94 24.87 23.95 27.79 26.32 25.86
Eng  —33.92 -20.13 -16.89 —29.06 -28.34 -28.05 Given the current interest in the properties of weak nonco-
Basp ~ —050 -271 -542 -072 -0.69 —0.69 valent interactions, the present theoretical investigation examines

a All energies are in kcal/mol. All the calculations for the subcom-

the effects of the simultaneous interaction of a cation and an

plexes were carried out at the optimized geometries of the correspondinganion with azz system. In the course of this study, we have

ternary complexes.

carried out a detailed analysis of the interaction energies, which

energies. But, as can be noted from the slopes, this increase isnclude evaluation of the two-body, three-body contributions

more pronounced in the case of the induction energies. A similar as well as the magnitudes of the individual energy components
observation can be made when the cations approach the(electrostatic energy, induction, dispersion and exchange repul-
correspondinge---Cl~ complex. What, however, distinguishes sion) constituting the total interaction energy. The following
the approach of the cation and the anion is the trends of the conclusions can be made from this study. (i) In the gas phase,
total interaction energy around the equilibrium geometry. In the the benzenecation—anion complex would be the most stable,
case of the anion approaching the catiancomplex, the total and the charge transfer (either small or large) would reduce the
interaction energy is nearly flat. However, in the case of the cationic charge, resulting in reducing the cationinteraction.
cation approaching the aniemr complex, the total interaction ~ Namely, when an ion-pair contact is formed, the catian
energy becomes very repulsive as the cation comes very closeinteraction would be significantly reducégl(ii) On the other
Though the above data can also be rationalized from the largerhand, in the cases when the cation and anion are on the opposite
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Figure 2. Modulation of all the intermolecular interaction energy componetg Ees Ein, Edisp, Eexcr) Upon bringing the anion (C) (a, b) or the
cations (Na or NHs") (c, d) close to the corresponding-¢-Na*), (;z+**NH4"), or (z---Cl~) systems.
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Figure 3. Contour line diagram of the difference of electron density distribution of the N& Cl~---x, and N&---z---Cl~ complexes. Contour
lines range from x 107%to 1 x 102 [e/bohe]. Solid lines correspond to an increase of electron density upon complex formation, and dashed lines
to a decrease.

sides of ther system, the induction effect is strongly enhanced erty’s cyclophane platform and ammonium cation channel are

and existence of a cation can enable the binding efith an the cation-anion interaction and the catietr interactiont®20
anion. Thus, in this case, the geometrical change irrth@nion The presence of the anion enhances the complexation energy
distance is substantial. with the large induction effect, in agreement with the enhanced

This study yields valuable information in understanding binding energy for a cation by the Dougherty receptor with
crystal packind? 1% and also in the transport of ions in carboxylic anions attached to the outside of aromatic rifigs.
biological system3® The dominant interactions of catien This study also provides an explanation of the role played by
benzene-anion complex, as seen in the well-studied Dough- the negatively charged amino acid (Asp160) residue in govern-
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Figure 4. Contour line diagram of the difference of electron density
distribution of the NH*+--zz-+-CI~ complex. Contour lines range from
1 x 10%to 1 x 1072 [e/bohr]. Solid lines correspond to an increase

of electron density upon complex formation, and dashed lines to a

decrease. Nit, CsHg, and CI are at the top, middle, and bottom of
the figure, respectively.

ing the ammonium cation-attracting capabilities of the hydro-
phobic aromatic amino acid residus.
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