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Single crystals of 1-cyclohexylpiperazine-1,4-diium dichromate(VI), (C10H22N2)[Cr2O7], were 
obtained by slow evaporation at room temperature from an aqueous solution of potassium di-
chromate, hydrochloric acid and 1-cyclohexylpiperazine. (C10H22N2)[Cr2O7] is triclinic (P 1 ) 
with a = 10.351(2) Å, b = 12.766(3) Å, c = 6.111(1) Å, � = 91.50(2)�, � = 104.26(3)�, 
� = 94.91(2)�, V = 778.8(3) Å3, and Z = 2. The structure determination performed from single 
crystal X-ray diffraction data leads to R1/wR2 reliability factors of 0.032/0.078. The asymmet-
ric unit of the title salt 2 2

10 22 2 2 7C H N Cr O ,� �	  consists of one 1-cyclohexylpiperazine-1,4-diium 
dication and one dichromate dianion. These entities are linked together by N—H�O hydrogen 
bonds to form {(C10H22N2)[Cr2O7]}n infinite chains lying parallel to the (100) plane and run-
ning along the c axis. The intermolecular N—H�O hydrogen bonds link these chains into a 
two-dimensional network structure consolidated through C—H�O weak interactions. 
 
DOI: 10.15372/JSC20160326 
 
K e y w o r d s: organic dichromate, synthesis, single crystal X-ray diffraction, crystal struc-
ture. 

 
Since the discovery in 1979 of pyridinium dichromate as a mild reagent for the oxidation of alco-

hols [ 1 ], a large number of dichromates of protonated organic bases have been prepared and used as 
reagents in mild selective oxidation processes of organic substrates, such as quinolinium dichromate 
[ 2 ], tetramethylethylenediammonium dichromate [ 3 ], benzimidazolium dichromate [ 4 ], piperazi-
nium dichromate [ 5 ], cetyltrimethylammonium dichromate [ 6 ], and others have been the subject  
of structural studies [ 7—10 ]. In continuation of our structural study of a new hybrid compound con-
taining an organic cation and an 2

2 7Cr O �  inorganic oxidant anion [ 11—13 ], we present here the title 
compound 2 2

10 22 2 2 7C H N Cr O� �	  (I).  
Experimental. Synthesis of (C10H22N2)[Cr2O7](I). A mixture of potassium dichromate (0.29 g, 

1 mmol, Merck, > 99 %), hydrochloric acid (0.06 ml, 2 mmol, 38 %), and 1-cyclohexylpiperazinium 
(0.17 g, 1 mmol, Acros Organics, 98 %) was dissolved in 100 ml of distilled water with stirring at 
room temperature for 1 h. Yellow crystals with prismatic shapes suitable for X-ray diffraction were 
obtained after two days of slow evaporation at room temperature. 

X-ray crystallography. The X-ray diffraction analysis of compound I was performed on an 
automated four-circle Enraf-Nonius CAD-4 diffractometer with a graphite-monochromated MoK� ra-
diation source (
 = 0.71073 Å). 
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The crystallographic data for (C10H22N2)[Cr2O7]: C10H22N2O7Cr2, FW = 386.30, T = 298 K, crys-
tal size 0.34�0.24�0.16 mm, triclinic, P1 , a = 10.351(2) Å, b = 12.766(3) Å, c = 6.111(1) Å, � = 
= 91.50(2)�, � = 104.26(3)�, � = 94.91(2)�, V = 778.8(3) Å3, Z = 2, �calc = 1.647 g/cm3, 
(MoK�) = 
= 1.427 mm–1, a total of 2259 reflections (�min /max = 3.44/26.98�), 1712 observed reflections 
(I � 2�(I)), 194 parameters. GOOF = 1.025, R1 = 0.0323, wR2 = 0.0783 (I � 2�(I)), R1 = 0.0554, 
wR2 = 0.0872 (all data), max / min diff. peak 0.23 / –0.28 e/Å3. 

The absorption correction was not done. The structure was solved by direct methods with 
SHELXS-97 and expanded using Fourier techniques [ 14 ]. Anisotropic displacements were used for 
C, N, O, and Cr while the H atoms were placed in calculated positions and refined using a riding 
model with C—H = 0.97 or 0.98 Å, N—H = 0.90 Å, and with isotropic temperature factors Uiso(H) = 
= 1.2 Ueq(C, N). The H atom on N2 was freely refined. CIF file containing complete information about 
the structure of I was deposited with the Cambridge Crystallographic Data Center (No.1040579); the 
file is freely available upon request from the following web site: http://www.ccdc.cam.ac.uk/da-
ta_request/cif. 

Results and discussion. The molecular structure of I is shown in Fig. 1. The salt contains two 
components: the inorganic 2

2 7Cr O �  dianion and the organic 2
10 22 2C H N �  dication with all atoms lo-

cated in general positions. 
In the organic dication, both piperazinium and cyclohexyl rings possess spatial chair conforma-

tions (Fig. 1) with puckering parameters: QT = 0.570(4) Å, � = 177.9(3)�, � = 138(93)� and QT = 
= 0.574(4) Å, � = 0.0(4)�, � = 38(32)�, respectively [ 15 ]. These conformations have also been noted 
in the crystal structure of 1-cyclohexylpiperazine-1,4-diium tetrachloridozincate [ 16 ]. The differences 
in the molecular structure of 1-cyclohexylpiperazine-1,4-diium tetrachloridozincate relate to a varia-
tion in the orientation of piperazinium and cyclohexyl groups and in the nature of the intermolecular 
interactions between them. The different orientations are probably best described by the dihedral an-
gles formed between the least-squares planes through the pairs of rings, i.e. 5.53(6)� and 67.72(5)� for 
dichromate I and the tetrachloridozincate compounds respectively. The N—C and C—C bonds 
lengths, and the C—C—N and C—N—C angles in the piperazinium ring are comparable with those 
observed for other compounds containing the piperazinium group, such as piperazinium chromate and 
piperazinium dichromate [ 17 ]. 

In the dichromate group each chromium atom is surrounded by a slightly distorted tetrahedron of 
four oxygen atoms; O—Cr—O are in the range of 107.8(1) and 110.8(2)�. The Cr—O (terminal) bond 
length ranges from 1.597(2) to 1.633(2) Å. As expected, the Cr—O (bridging) bond length is signifi-
cantly longer and amounts to 1.783(2) Å. These values are in good agreement with those usually found 
in organic dichromates [ 2—13 ]. The bond valence sums calculated [ 18 ] from the bond lengths (va-
lence units; Cr1: 5.7829, Cr2: 5.7870, O1: 2.3155, O2:1.7858, O3: 1.7767, O4: 1.7913, O5: 1.7884, 
O6: 1.7911, O7: 1.7727) are close to the expected valence states of the respective atoms. Four oxygen 
atoms of the dichromate dianion act as hydrogen acceptors, being involved in hydrogen bonds with the 
bifurcated N atoms of the piperazinium ring of the organic dication, with N�O distances falling in the  
 

range from 2.746(4) to 3.052(4) Å. A detailed 
packing analysis of the crystal structure of I 
revealed the formation of infinite {(C10H22N2) 	 
	[Cr2O7]}n infinite chains lying parallel to the 
(100) plane and running along the crystallo-
graphic c axis (Fig. 2). 

In the chain, each 2
10 22 2C H N �  dication 

serves as a hydrogen bond donor to two neigh- 
 

Fig. 1. Molecular structure of 1-cyclohexylpipe-
razine-1,4-diium dichromate salt showing the atom 
numbering scheme. Thermal ellipsoids are shown at  
                    the 50 % probability level  
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Fig. 2. View of the two-dimensional-net-
work structure of I with hydrogen bonds 
represented as dashed lines. The H atoms  
     not involved in H bonds are omitted 

 
boring 2

2 7Cr O �  dianions via N1—
H1B�O3; N1—H1B�O6 and N1—
H1A�O5 hydrogen bonds, respecti-
vely. The relative propagation direc-
tions of the chain lie parallel to one 
another as shown in Fig. 2. Each 
chain is connected to their two 
neighbors via N2—H2�O2 and 
N1—H1A�O6 hydrogen bonds, re-
spectively, to form a two-dimen-
sional network parallel to the (010) 
plane (Fig. 2). In addition, C—H�O 
interactions play an important role in 

the crystal packing occurred via intermolecular weak interactions to consolidate the two-dimensional 
network. To our knowledge, only two organic dichromates with a two-dimensional network were 
found in the literature: benzimidazolium dichromate [19 ] and quinolinium dichromate [ 20 ]. In these 
compounds, the benzene rings of the heterocyclic aromatic benzimidazolium dications and quinolin-
ium monocations, respectively, are oriented to the interlayer space. These rings do not make any hy-
drogen bond. This is the origin to form a two-dimensional network. In our structure, hexyl rings of  
1-cyclohexylpiperazine-1,4-diium have played the same role of benzene. 
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