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COMMUNICATION 

Manifestations of noncovalent interactions in 
the solid state. Dimeric and polymeric 
self-assembly in imidazolium salts via 
face-to-face cation-cation n-stacking 
JOHN S .  WILKES and MICHAEL J. ZAWOROTKO* 

The Frank J .  Seiler Research Laboratory, United States Air Force Academy, Colorado 80840, USA 

(Received October 9 ,  1992) 

X-ray crystallographic investigation of the tertiary structure of simple 
1-methylimidazolium (1-Meim) salts reveals that catiowcation 
face-to-face n-stacking with interplanar separations in the range 
typically seen for molecule-molecule and molecule-cntion interactions 
are possible. Two salts are reported. l-Meim-CF~S03, 1, exists as 
a centrosymmetric dimer with an interplanar separation of only 3.16 A. 
The two imidazolium rings are slipped to the extent that the 
interaction can be regarded as a manifestation of C-H ... C-H dipole 
interactions. l-Meim-N03 exists as a onedimensional (1-D) polymer 
with interplanar separations of 3.65A. The cations are not as severely 
slipped as for 1 and the interactions can be regarded as the result 
of catio+cation and anion-anion complementary electrostatics. 
Semi-empirical calculations are used to rationalize the n-n stacking 
in both 1 and 2. Crystal data: l-Meim-CF$303, 1, triclinic, Pi, 
a = 6.416(3) A, b = 7.617(4) A, c = 9.569(4) A, a = 85.36(4)", j7 = 
86.08(3)", y = 85.18(4)", Y =  463.6(4)APZ= 2 , D ,  = 1 . 6 6 g ~ m - ~ ,  
p = 3.7cm-', T = lTC,  R = 0.054 and R, = 0.076 for 1241 
reflections; 1-Meim-NO3, 2, monoclinic, PZ,/c, a = 9.009(7) A, 
b = 9.988(6)A, c = 7.308(5) A, f i  = 94.93(6)", V =  655.2(8) A: Z= 4, 
D, I 1 .47g~m-~ ,p  = l.Zcm-', T =  lTC,  R = 0.060and R, =OM8 
for 483 reflections. 

That n-n interactions, which typically induce face-to- 
face interplanar (ie d-d) separations of the order of 
3.4-3.8& play a major role in many aspects of 
biological,' solid-state* and host-guest/supramolec- 
ular chemistry3 is now generally accepted. The 
rationale behind, and hence predictability of, such 
interactions in the absence of electron donor-acceptor 
chemistry4s5 continues to be a matter of great interest, 
with significant advances having been made in recent 
years via analysis of electrostatic effects as determined 
by serni-empiri~al~.' or ab initio' computational 
methods. However, solid state interionic interactions 

* Permanent address, and to whom correspondence should be 
addressed: Department of Chemistry, Saint Mary's University, 
Halifax, Nova Scotia, Canada B3H 3C3. 

1 -Et-3-Meim 

are less well chara~terized,~ in particular cation-cation 
effects, which are at first sight counterintuitive. In the 
context of rationalizing the unusual low melting nature 
of 1-Et-3-Meim salts" we have embarked upon a 
systematic study of the solid state structure of a wide 
range of salts of alkylated imidazolium and pyridinium 
cations. Such a study offers the potential to delineate 
both cation-cation and cation-anion IT--71 interactions 
in the absence of the other binding forces" and 
geometric constraints/rigidity typically imposed by 
the host in host-guest chemistry (which have provided 
the bulk of the crystallographic data on n-n 
inter-actions). Salts also offer the virtue of structural 
simplicity and diversity. Our first X-ray structural 
study focussed upon salts of l-Et-3-Meim, and d-d 
spacings were observed to be > 4.5 A, beyond the range 
indicative of attractive interactions.'" In this study 
we demonstrate that short range face-to-face cation- 
cation stacking can occur in imidazolium salts that 
are not as sterically crowded, affording d-d distances 
in the order of those observed for molecule-molecule 
and molecule-cation attractions. Figures 1 and 2 
reveal that 1-Meim cations in l-Meim-CF3S03,' * 1, 
and 1-Meim-N0,,l3 2, adopt face-to-face, staggered 
and slipped orientations. 

MOPAC14 calculations support the idea that the 
short face-to-face contacts represent optimized electro- 
static interactions. Figure 3 reveals that even though 
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Figure 1 ( a )  Overhead and (b )  perspective, views of the dimeric 
stacking in 1-Meim-CF,SO,. 

Figure 2 ( a )  Overhead and (b) perspective, views of the polymeric 
stacking in 1-Meim-NO,. 

+ 

-.47 

[l -Meim] 

Figure 3 Calculated electrostatic potential charges (ie charge at 
van der Waals radius) for the 1-Meim cation. The balance of the 
charge is held by hydrogen atoms. 

the imidazolium ring possesses a net charge of +1, 
the carbon atoms in 1-Meim are calculated to retain 
significant negative electrostatic potential charges at 
the van der Waals radius. 1 exists as a centrosymmetric 
dimer with a d-d spacing of only 3.16A, which is 
remarkably short even by the standards of electron 
donor-acceptor interactions." 2 is effectively a 1-D 
polymer with d-d spacings of 3.65A and the nitrate 
anions are also slipped so as to facilitate N...O 
interactions. The geometry of 1 is remarkably similar 
to that of the most stable face-to-face interaction 
determined for the benzene dimer, which has been 
calculated to be of slightly higher energy than an 
edge-to-face interaction.*b Both 1 and 2 contain a 
localized interionic N-H . . . 0 hydrogen bond, with 
N .. . 0 distances of 2.886(5) and 2.729(6) A, respectively. 
The only other interionic contact of note is a C-H ... 0, 
contact of 2.40A in 1. The interionic interactions in 1 
and 2 bear some resemblance to the hinged synthetic 
receptor-thymine interactions observed by Hamilton 
et u1.,4d*16 which also contain a combination of 
localized H-bonding and n-n interactions. However, 
it must be noted that the apparent n-n interactions 
in 1 and 2 are cation-cation (rather than molecule- 
molecule) and the H bond is not directed towards the 
same species as the n--71 interactions. The stacking and 
short d-d spacings observed in the solid state 
structures of 1 and 2 can therefore be at least partially 
attributed to complementary cation-cation (1) and 
anion-anion (2) electrostatic interactions. In summary, 
imidazolium cations appear predisposed to engage in 
face-to-face cation-cation stacking as a consequence 
of complementary electrostatic interactions. This 
observation is relevant to the structure17 of imidazolium- 
based room temperature, ionic liquids since, whereas 
it precludes a conventional ionic structure, it does not 
preclude C-H .. . X hydrogen bonding.10c*'8 The results 
reported herein are also relevant to other fields such 
as biochemistry, where the imidazole moiety is 
prevalent, and crystal engineering, which could have 
important consequences for materials ~ c i e n c e . ~ . ~ . ' ~  
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