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Graphical Abstract 

 

The two red spots presented on the anionic and cationic HS presentations give an idea about 

the attendance of two different interactions H···H related the same proton, from the 

[N(CH3)4] cation, with two different H-B vertex from the adjacent anion. 
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ABSTRACT 

This work investigates the meta-ferrabis(dicarbollide) anion that was isolated as salt of 

tetramethylammonium. The structure of the obtained crystal consisted of discrete [2,2’-

Fe(1,7-closo-C2B9H11)2]
- anions and disordered [N(CH3)4]

+ cations. The anion had a 

considerable chemical stability ensured by ionic and Van der Waals interactions. Thus, 

Hirshfeld surfaces and fingerprint plot were used to visualize, explore, and quantify 

intermolecular interactions in the crystal lattice of the title compound. This investigation 

proved that close contacts were dominated by H···H interactions. 

 

Keyword: meta-carborane, metallabis(dicarbollide), Hirshfeld study, dihydrogen bonds. 
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1. INTRODUCTION 

The study of new compounds formed when main group, d- and f-block metals are 

incorporated in multicage carborane compounds has attracted a great interest due to its high 

added value in several applications [1]. For this reason, the discovery of 

metallabis(dicarbollide) complexes by Hawthorne et al. (1965) has been of major importance 

for borane and organometallic chemistries till the present. The most known 

metallabis(dicarbollide) complexes are the ones whose general formula is [3,3’-M(1,2-

C2B9H11)2]
-[2]. These complexes consist of two η5-carboranyl ligands, nido-[7,8-C2B9H11 ]

2-, 

and an M3+metal located in between. The η5-carboranyl ligand possesses 6π electrons 

delocalized in the open pentagonal [C2B3]
2- face similar to the metal-bonding orbitals of the 

cyclopentadienyl ligand [C5H5]
–. However, there are several differences between ferrocene 

and ferra(bisdicarbollide) complexes. In fact, ferrocene is neutral. The hydrogen atoms 

bonded to the carbons beam out of the center of the aromatic ring. Substituents are largely 

coplanar with the pentagonal C5 ring and substituents can only be at one plane. Conversely, 

ferra(bisdicarbollide) is monoanionic where the hydrogen atoms beam out of the center of the 

icosahedron. The substituent  can therefore be located at different planes and are noncoplanar 

with the pentagonal [C2B3]
2- face. 

The interest in these sandwich molecules emanates from the multiple properties that they 

possess. They have one negative charge distributed throughout the volume of the complex. 

They are electroactive compounds with a low charge density [3]. They show thermal and 

chemical stability [1a] and an amphiphilic character [4], as well.  This richness explains the 

many attempts to suggest new metallabis(dicarbollide) derivatives applicable to materials 

science [5] as an electroactive species in sensors [6] and biosensors [7], as a doping agent in 

conducting organic polymers [1h], as an extractant of radionuclides from nuclear waste [8], in 

dye-sensitized solar cells [9] in medicine [10] and in several other fields. 
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The study of metallabis(dicarbollide) compounds has specially addressed the η5-carboranyl 

ligand derivatives of nido-[7,8-C2B9H11 ]
2- but very little is reported on the η5-carboranyl 

ligand of the isomer nido-[7,9-C2B9H11 ]
2- that contains the two carbon atoms located at the 

open [C2B3]
2- face andseparated by one boron atom [11]. Additionally, a survey of the 

Cambridge Structural Database (CSD) [12] by means of ConQuest [13] on December 12th 

2016, revealed fourteen crystal structures of substituted meta-metallabis(dicarbollide) [14] 

complexes, of which eleven are zwitterion complexes (Co (7 structures), Ni (2 structures), Cu 

and Fe) [15], two are monoanionic of Co3+ meta-metallabis(dicarbollide) [16] and one is 

dianionic with Ni2+ [17]. To our knowledge, there are no reported structures of non-

substituted monoanionic sandwich meta-ferrabis(dicarbollide). 

This work addresses the study of the crystal structure of [N(CH3)4][2,2’-Fe(1,7-closo-

C2B9H11)2] synthesized by complexation reaction of nido-[7,9-C2B9H11 ]
2- with FeCl2. In 

addition to solving the scarcity of crystal structures of plain [2,2’-Fe(1,7-closo-C2B9H11)2]
-, 

our aim was also to check whether the non-adjacent position of the two carbons in C2B3 face 

can influence the structure of the compound by altering the distance between the metal and 

centroids C2B3. We compared the present [2,2’-Fe-1,7-closo-(C2B9H11)2]
- and the common 

[3,3’-Fe-1,2-closo-(C2B9H11)2]
- anionic compound. This study is based on the results of 

monocrystal X-ray diffraction analyses of the complex [N(CH3)4][2,2’-Fe(1,7-closo-

C2B9H11)2] and its Hirshfeld surface analysis. 

 

2. EXPERIMENTAL SECTION 

Synthesis of [N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] 

To a stirring solution of [HN(CH3)3] [7,9-nido-C2B9H12] [18] (100 mg, 0.517 mmol) at 

0°C in dry THF (5 ml) under nitrogen, 0.78 ml of n-BuLi (1.55 mmol, 2M) was added 

dropwise. In another flask and under nitrogen, a suspension of FeCl2 (196.7 mg, 1.55 mmol) 
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in THF (5 ml) was prepared. Then, the transparent solution of ligand was transferred to the 

suspension mixture and the reaction mixture stirred under reflux at inert atmosphere 

overnight. Then, the initially formed Fe(II) complex was converted to an Fe(III) compound by 

stirring the reaction solution for 2 h in the presence of air, and the solvent was then removed 

in vacuum. Extraction was carried out using 5 ml of diethyl ether and 5 ml of HCl (0.1 M). 

The organic phase was tried with MgSO4, and after filtering, the solvent was evaporated and 

the obtained dark green solid dissolved in 3 ml of water and then precipitated using an 

aqueous solution of [N(CH3)4]Cl. The dark green solid that precipitated was collected and 

washed three times with water. Crystallization was done in benzene to give 160.56 mg of 

[N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] (Yield= 82 %). Elemental analysis: calc: C 24.33%, 

H 8.62%, N 3.55%; found: C 24.82%, H 9.44%, N 3.44%. ATR: ν = 3018 (Cc-H), 2899, 2836 

(C-H(methyl)), 2535 (w, B-H), 1477 (C-N) (Fig. S1). 13C{1H} NMR (d6-acetone): δ= -55,18 (s, 

CH3), -294.34 (Cc-H) (Fig. S2). 11B{ 1H}-NMR (d6-acetone): δ [ppm]= -400.9 (4B, 

B(6,11,6’,11’)), -321.9 (2B, B(3,3’), -22.4 (2B), 10.4 (4B), 26.6 (4B), 33.4 (2B) (Fig. S3). 

Maldi-TOF MS (%) =: m/z = 321.33 (100) (Fig. S4). Good green crystals suitable for X-ray 

diffraction were grown in acetone. 

X-ray Structure Determination. The crystal of [N(CH3)4][2,2’-Fe(1,7-closo-

C2B9H11)2] was immersed in cryo-oil, mounted in a Nylon loop, and measured at a 

temperature of 170 K. The X-ray diffraction data were collected on a Bruker Kappa Apex II 

diffractometer using Mo Kα radiation (λ = 0.710 73 Å). The Denzo/Scapack [19] program 

package was used for cell refinements and data reductions. The structure was solved by the 

charge flipping method using SUPERFLIP [20] software. A multiscan absorption correction 

based on equivalent reflections (SADABS) [21] was applied to the data. Structural refinement 

was carried out using the SHELXL2016 [22] program. The Fe atom of [N(CH3)4][2,2’-Fe(1,7-

closo-C2B9H11)2] was located on an inversion center. The carbon atoms of the NH4
+ counter 
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cation were disordered over two sites around a two-fold rotation axis with equal occupancies. 

Due to this disorder, the N-C and C-C distances of the cation were restrained to be similar. 

Hydrogen atoms were positioned geometrically and constrained to ride on their parent atoms, 

with C-H = 0.98-1.12 Å, B-H = 1.12 Å, and Uiso = 1.2-1.5 Ueq (parent atom). The 

crystallographic details are summarized in Table 1. Crystallographic data (excluding structure 

factors) for the structures reported in this paper were submitted to the Cambridge 

Crystallographic Data Centre as supplementary publication no. CCDC 1527813. Copies of the 

data can be obtained free of charge from www.ccdc.cam.ac.uk/conts/retrieving.html.  

The final anisotropic full matrix least squares refinement resulted in a convergence of 

the R factor at 0.046, Rw = 0.092. The crystal structures and packing interactions were 

depicted using Mercury [23] and DIAMOND [24], respectively. 

Hirshfeld surface (HS) analysis  

The Hirshfield surface analyses were carried out using the CrystalExplorer program 

[25] which accepts a structure input file in the CIF format. HS analysis was performed to 

identify the types and regions of weak intermolecular interactions, and proportions of these 

interactions. Molecular HS in crystal structure was constructed from the electron distribution. 

Distance from the HS to the nearest nucleus inside and outside the surface was marked by the 

quantities di and de, respectively. dnorm is a normalized contact distance, which was defined in 

terms of di, de, and the Van der Waals radii of the atoms, as listed in equation (1): 

vdW
e

vdW
ee

vdW
i

vdW
ii

norm r

rd

r

rd
d

−+−=
 

The combination of de and di in the form of 2D fingerprint plot provides an overview 

of intermolecular contacts in the crystal. The Hirshfeld surfaces mapped with a shape index 

range of −1.0 to 1.0 Å, dnorm range of −0.5 to 1.5 Å, and full fingerprint plot can be created. 
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3. RESULTS AND DISCUSSIONS 

3.1. Crystal structure 

Good crystals of [N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] suitable for X-ray- 

diffraction were grown from an acetone solution at -4ºC. The title compound was solved in a 

monoclinic system, C2/c space group with four formula units in unit cell (Z = 4) (Fig. S5). 

The Fe atoms lied on the 4(d) (1/4, 1/4, 1/2) sites, surrounded by four carbon atoms and six 

boron atoms in the same Wyckoff positions 8(f). The N atoms occupied the 4(e) (1/2, y, 1/4) 

sites, connected by four carbon atoms with 8(f) positions and the H atoms (by implication) the 

8(f) (x, y, z) sites. 

Noticeable is the packing of [N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] along the c axis, 

shown in Fig. S6, in which the anionic and cationic layers pack one on top of each other. The 

B/C assignments in the cage are well-established from B-C and B-B distances26 and 

displacement ellipsoid behavior, and do not appear to be disordered. The asymmetric unit of 

the studied crystal consisted of half a [2,2’-Fe(1,7-closo-C2B9H11)2]
- anion (Fig. 1) located on 

an inversion center, and one half occupied [N(CH3)4]
+ cation disordered over a two-fold axis 

as displayed in Fig. S7. For one cation, the static disorder was a simple 50:50 split over two 

sites. Tetramethylammonium chloride was the salt used in this synthesis to produce the 

quaternary ammonium cation as a counterion. The methyl groups were tetrahedrally arranged 

around the central N atom. The 11-vertex polyhedral present in one cage of the anion part was 

formed of triangulated faces. In addition, in the anion part, the iron ion was coordinated by 

four carbon and six boron atoms (Fig. 2). The Fe atom was displayed as an inversion center 

between the two cages of nido C2B9 clusters. This central metal atom, in oxidation state (+III), 

is η5 bonded to two dicarbollide ligands, each contributing with two negative charges. It was 

localized between the two open pentagonal faces C2B3 (Fig. 2b). The planar bonding faces of 

the two dicarbollide ligands in our compound were nearly parallel (Fig. 2a). Moreover, the 
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angles through the metal and between two opposite atoms (like C(1)-Fe-C(1)a, a : 1/2-x, 1/2-

y, 1-z) were 180°. The bond lengths at each planar pentagonal face were four B-C (1.698(3)-

1.706(3) Å) and one B-B (1.792(3) Å). The three iron-boron interatomic distances were Fe-

B(3): 2.100(2)Å, Fe-B(11): 2.131(2) Å, and Fe-B(6): 2.111(2) respectively, while the Fe-Cc 

distances average were 2.097Å. 

3.2. H···H short interaction study 

As shown by Fig. S8, each anion has self-interactions and anion-cation hydrogen 

interactions. There are eight possible self-interactions of the anion [2,2’-Fe(1,7-closo-

C2B9H11)2]
- as presented in Fig. S8a The same figure demonstrates the presence of two 

different distances of the intermolecular bond H…H for the interactions C(1)-H···H-B and 

C(7)-H···H-B equal to 2.31 Å and 2.24 Å, respectively. This result is due to the fact that these 

interactions are related to (i) the acidic character of Cc···H where the proton has a positive 

charge and (i) the hydride character of the B-H vertex where the proton has a negative charge 

(according to Pauling scale for χH = 2.20, for the χB= 2.04 and for the χC= 2.55) [27]. On the 

other side, the two independent labeled ions are aggregated through 14 C[N(CH3)4]+-H···H-B 

interactions by virtue of the donor character of the proton of [N(CH3)4]
+ in front of the 

acceptor character of the proton connected to the boron (Fig. S8b). C-H of six different 

disordered [N(CH3)4]
+ interact with the H-B of the center anion as follows: The two first 

[N(CH3)4]
+ molecules participated both with protons connected to C(3) and C(4) to produce 

H···H interactions equal to 2.25 Å and 2.35 Å, respectively. Although the other two cations 

participate with the same carbons (C(3) and C(4)), the distance of C(3)-H···H-B becomes 

longer (2.37 Å). On the other hand, the two remaining [N(CH3)4]
+ cations participate by 

different C-H vertex. The first one is the C(6)-H; where it presents H···H equal to 2.39 Å for 

both different [N(CH3)4]
+ cations. The second proton that is connected to C(5) presents a very 
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different behavior, and it interacts at the same time with two H-B from different vertices 

which present distances C(5)-H···H-B(1)= 2.24Å and C(5)-H···H-B(2)= 2.32Å. 

3.3. Hirshfeld surface (HS) study: 

In addition to the electrostatic contribution, the existing intermolecular C-H···H-B 

interactions also have an important role in the stabilization of this molecule. This was studied 

and confirmed by Hirshfeld surfaces (HS) analysis using the crystal explorer program. The 

HS can present the dnorm figure type in which contacts with distances equal to the value of 

Van der Waals radii are represented by a white color, and the contact distance with shorter 

values than Van der Waals are revealed by the red color, while the distances longer than Van 

der Waals are presented as blue color [28]. Also, the HS illustrated in the shape index figure 

reveals the character of proton present in each unity; the red concavity is related to the 

presence of an acceptor proton, while the blue convexity is related to the presence of a donor 

proton. 

dnorm, shape index and 2-Dfingerprint plot figures of the [N(CH3)4]
+ cation and the 

[2,2’-Fe(1,7-closo-C2B9H11)2]
- anion are presented in Fig. 3. For the cation part, to generate 

HS, the two orientations with them partial occupancies are included. The molecular HS of 

anion and cation unity in [N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] structure is mapped over a 

dnorm range from -0.196 to 1.246 Å and -0.195 to 1.335 Å, respectively. Visual inspection of 

fingerprint plots reveals that the anion and cation have nearly the different fingerprint plots 

evince in the distribution of interaction (related de and di values) of the ions in asymmetric 

unit. The diffuse blue region manifested as a scattered point in the fingerprint plot is related to 

H···H contacts, which account for 100% of the total Hirshfeld surface area of each 

[N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] unity where [N(CH3)4]
+ and [2,2’-Fe(1,7-closo-

C2B9H11)2]
- show a shorter H…H interaction. The shortest close contacts between hydrogen 

atoms have a distance of approximately 2.43Å (notice that the Van der Waals radium for the 
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hydrogen atoms is 1.2 Å). For [2,2’-Fe(1,7-closo-C2B9H11)2]
-, complementary regions are 

visible in the 2-D fingerprint plots where one anion acts as a donor (de<di) and the other as an 

acceptor (de>di) [29]. Therefore, the 2-D fingerprint plots of cation [N(CH3)4]
+ had an 

asymmetric distribution in de and di; which indicates that the cation protons displayed a donor 

character (de<di). 

The dnorm (normalized contact distance, see Equation1) surfaces reveal the close 

contacts of hydrogen bond donors and acceptors, and other contacts. The dnorm mapped on HS 

for visualizing the intermolecular interactions in the crystal lattice of [N(CH3)4]
+ and [2,2’-

Fe(1,7-closo-C2B9H11)2]
- is shown in Fig. 3a and Fig. 3c, respectively. It demonstrates that the 

large circular depressions are visible on the front and back views of the surface of both 

analyzed unities with two forms: (i) convex form as labeled (1) and (4) relative to acceptor 

interaction C-H···H and (ii) convex form indexed as (3) characterizes donor B-H···H 

interaction in the structure. The H···H interactions are also evidenced in shape index by a red 

concave region around the acceptor hydrogen atom (labeled as (5) in Fig. 3e) that confirms 

the hydride character of the hydrogen connected to the Boron in cluster anion. Fig. 3b and 3e 

present a complementary blue convex region around the donor hydrogen atoms (indexed as 2 

and 6, respectively); which is a consequence of the acidic character of C-H characterizing the 

C[N(CH3)4]+-H···H and Cc-H···H interactions. 

The two red spots on the HS presentations in Fig. 3a and Fig. 3b show the attendance 

of two different interactions H···H related to the same proton, from the [N(CH3)4]
+ cation, 

with two different H-B vertex from the adjacent anion. This explains the orientation of ions in 

the cell as confirmed by Fig. 4. 

3.4. Comparison 

The crystal structure of the dianionic ortho-ferrabis(dicarbollide) complex was 

synthesized by Hawthorne et al.[30]. A comparison of the dianionic [3,3’-Fe(1,2-closo-
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C2B9H11)2]
- with the new monoanionic [2,2’-Fe(1,7-closo-C2B9H11)2]

- reported in this paper 

was made to check the influence of the position of carbon atoms as well as the charge in the 

crystals. In fact, both ferrabis(dicarbollide) isomers crystallize in the same unit cell with 

different space group as present in Table 2. In both structures, the presence of a disordered 

salt molecule in the crystal structures was observed, knowing that the tetramethylammonium 

is the cation in both compounds. Consequently, both isomers keep the same distance between 

the iron atom and the two pentagonal faces, but the volume of this space in meta-

ferrabis(dicarbollide) compound was slightly increased. This small difference was observed 

through a small shift of values of Fe-C and Fe-B distances as presented in Table 3. The ŋ5-

coordinate and the electronic factors made the iron similarly distant between the two opposite 

nido-carborane cages. 

The synthesis of metallabis(dicarbollides) using the iron as a metal with carbons 

separated by one boron atom increases the stability of this ferrabis(dicarbollide) by a thermal 

factor. 

CONCLUSIONS 

The first crystal structures of plain [2,2’-Fe(1,7-closo-C2B9H11)2]
- anion where the two 

carbons of the face in C2B3 are in non-adjacent positions was reported as 

tetramethylammonium salt. The structure of the new crystal consisted of discrete [2,2’-Fe(1,7-

closo-C2B9H11)2]
- anions and disordered [N(CH3)4]

+ cations. The ferrabis(dicarbollide) 

complexes of both isomers, [N(CH3)4][3,3’-Fe(1,2-closo-C2B9H11)2] and [N(CH3)4][2,2’-

Fe(1,7-closo-C2B9H11)2], crystallize in the monoclinic system but in different space groups, 

P21/C and C2/C, respectively. Hirshfeld surface studies were done for [N(CH3)4][2,2’-Fe(1,7-

closo-C2B9H11)2] complex. The crystallographic structure of the anionic [2,2’-Fe(1,7-closo-

C2B9H11)2]
- clusters was ensured by ionic and H···H short interaction. 
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Thus, Hirshfeld surfaces and fingerprint plot were used to visualize, explore, and 

quantify intermolecular interactions in the crystal lattice of the title compound. This 

investigation proved that close contacts were also dominated by H···H interactions. 
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Table 1. Crystal data and structure refinement for C8H34B18FeN. 

Table 2. Details of the crystallographic data collection for dianionic ortho 
ferrabis(dicarbollide) and monoanionic meta ferrabis(dicarbollide) ligands. 

Table 3. Selected Interatomic Distances (Å) between Fe-C and Fe-B obtained in 
ferrabis(dicarbollide) anions. 
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Figure 1. The molecular and crystal structure of [2,2’-Fe(1,7-closo-C2B9H11)2]
- showing the 

atom numbering and displacement. Ellipsoids are at 50% probability level.  

 

Figure 2. A view of the iron environment in [N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] (a) a 3D 
structure(b) a projection planar.  

 

Figure 3. The dnorm and shape index Hirshfeld surfaces and the fingerprint plots of the anion 
and cation in [N(CH3)4][2,2’-Fe(1,7-closo-C2B9H11)2] crystal. 

 

Figure 4. HS characterization of different H-B vertex from adjacent anion and cation. 
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Table 1. 

Empirical formula  C8H34B18FeN  

Formula weight  394.79  

Temperature  170(2) K  

Wavelength  0.71073 Å  

Crystal system  Monoclinic  

Space group  C2/c  

Unit cell dimensions a = 22.7723(7) Å α= 90° 

 b = 10.1834(5) Å β= 105.061(2)° 

 c = 9.9464(5) Å γ = 90°. 

Volume 2227.3(2) Å3  

Z 4  

ρcal (Mg/m3) 1.177   

Absorption coefficient (mm
-1

) 0.672   

F(000) 820  

Crystal size 0.205 x 0.181 x 0.037 mm3  

Theta range for data collection 2.204° to 29.167°.  

Index ranges -31≤h≤29, -13≤k≤13,  

-13≤l≤13 

 

Independent reflections 2991   

Absorption correction Semi-empirical from equivalents  

Max. and min. transmission 0.7458 and 0.6759  

Refinement method Full-matrix least-squares on F2 

 

 

R2 int 0.0492  

Final R indices [I>2sigma(I)] R1a = 0.0466, wR2b = 0.0923  
a R1 = Σ||Fo| – |Fc||/Σ|Fo|.  

b wR2 = [Σ[w(Fo
2 – Fc

2)2]/ Σ[w(Fo
2)2]]1/2. 
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Table 2 :  

 

Chemical Formula C12H46FeB18N2                             C8H34B18FeN 
Radiation Mo Kα 

Wavelength/ Å 0.7107 Å 
Isomer 

Ref 

Solvent 

Space group 

a/ Å 

b/ Å 

c/ Å 

β (°) 

v/ Å3 

Z 

R 

Rw 

ρ(cal)/g cm-3 

Ortho 

[30] 

CH3CN/(C2H5)2O 

P21/c 

9.017 (3) 

11.341 (3) 

32.941 (11) 

91.80 (1) 

1381 

2 

0.094 

0.104 

1.13 

meta 

our work 

(CH3)2CO 

C2/c 

22.772 (7) 

10.183 (5) 

9.946 (5) 

105.06 

2227(17) 

4 

0.046 

0.092 

1.17 
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Table 3. 

 

 

 

 

 

Fe(2,2’)-1,7-(C2B10H11)2 Fe(3,3’)-1,2-(C2B10H11)2 

Fe(2,2a)-C(1) 
Fe(2,2a)-C(1a) 
Fe(2,2a)-B(3) 
Fe(2,2a)-B(3a) 
Fe(2,2a)-B(6) 
Fe(2,2a)-B(6a) 
Fe(2,2a)-C(7) 
Fe(2,2a)-C(7a) 
Fe(2,2a)-B(11) 
Fe(2,2a)-B(11a) 

2.083(2) 
2.083(2) 
2.100(2) 
2.100(2) 
2.111(2) 
2.111(2) 
2.111(2) 
2.111(2) 
2.131(2) 
2.131(2) 

Fe(3,3a)-C(1) 
Fe(3,3a)-C(1 a) 
Fe(3,3a)-C(2) 
Fe(3,3a)-C(2 a) 
Fe(3,3a)-B(4) 
Fe(3,3a)-B(4 a) 
Fe(3,3a)-B(8) 
Fe(3,3a)-B(8a) 
Fe(3,3a)-B(7) 
Fe(3,3a)-B(7a) 

2.015 (8) 
2.015 (8) 
2.047 (8) 
2.047 (8) 
2.073(10) 
2.073(10) 
2.144 (10) 
2.144 (10) 
2.112 (10) 
2.112 (10) 
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Figure 1:  
 

Symmetry code :  

a: 1/2-x, 1/2-y, 1-z 
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Figure 2: 

(a) (b) 
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Figure 3.  
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Figure 4. 
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Highlights 

- The [N(CH3)4] [2,2’-Fe(1,7-closo-C2B9H11)2] crystal was solved in a monoclinic 

system with C2/c space group.  

- The structure of the obtained crystal consisted of discrete [2,2’-Fe(1,7-closo-

C2B9H11)2]
- anions and disordered [N(CH3)4]

+ cations. 

- Hirshfeld surfaces and fingerprint plot were used to visualize and explore 

intermolecular interactions in the [N(CH3)4] [2,2’-Fe(1,7-closo-C2B9H11)2]  crystal. 


