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Abstract: The title compound, (NH,),[FeCI;H,O] has been prepared by reaction between iron(I11) chloride
and ammonium chloride which was formed by hydrolysis of isonicotinamide or thionicotinamide in ethanol.
The characterization was based on elemental analysis and infrared spectra. The crystal structure of the title
compound has been refined by single crystal X-ray diffraction method at 293 K. Crystals are orthorhombic,
Pnma, with unit cell parameters: « = 13.760(1) A, b=9.960(1) A, ¢ = 7.060(1) A, Z=4 and R = 3.5 %. The
iron(I1I) atom in [FeCl;(H,O)]* ion is approximately octahedrally coordinated by five Cl atoms and one O
atom of H,O molecule. This distortion is caused by the extensively hydrogen-bonded lattice. Structural pa-
rameters and IR spectra of similar compounds are compared and discussed.
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Introduction

The title compound is a member of the series
of iron(Ill) compounds of the general formula
Ay[FeX;(H,O)], where A is an alkali metal, am-
monium or oxonium ion, and X is halide. Their
crystallographic and magnetic properties were pre-
viously reviewed (Carlin and Palacio 1985). These
compounds have been easily prepared from aqueous
solutions containing ACl or ABr and appropriate
ferric halide, and in several cases also HX. Another
compounds which contain [FeCl;(H,yO]* anions and
organic cations such as are H,(cyclam)*", (enH,)* and
(dienH;)* have been recently prepared and charac-
terized (Subramanian 1993, James 2001, 2007).

The crystals of (NH,),[FeCl;(H,O)] have been
usually prepared by slow evaporation of aqueous
solutions containing a (1—2):1 molar mix of NH,Cl
and FeCl;-6H,O (Sharma 1974, Figgis 1978, McE-
learney 1978, Partiti 1985). This compound was
also obtained from hydrochloric acid solutions
(Attenborough 1997).

This paper is a continuation of our previously
reported studies on spectral and structural proper-
ties of iron complexes with derivatives of pyridine
(Ondrejkovicova et al. 2008, 2009; Stefanikova et al.
2008). Here we describe a new pathway of prepara-
tion of the title compound and its structural data
are compared with published ones.

Experimental

Chemicals and synthesis

All chemicals were purchased commercially and
used without further purification. 96 % vol. ethanol
was used as a solvent.

The title compound was prepared according fol-
lowing procedure. To an ethanol solution (30 ml)
of isonicotinamide, inia (1.84 g, 0.015 mol) was
added conc. HCI (1.8 ml, 0.015 mol) and a solu-
tion which was prepared from FeCl;-6H,0 (4.2 g,
0.015 mol) and ethanol (135 ml). The reaction
mixture was stirred for 15 minutes and then left
to stand at room temperature. After 3 days, a small
amount of precipitated [iniaH]CI was filtered out.
Orange crystals of the title compound were ob-
tained from the light orange filtrate after several
weeks.

Anal. Calcd. for [iniaH]Cl (%): C, 45.44; H, 4.45;
N, 17.66. Found: C, 45.70; H, 4.64; N, 17.95. Anal.
Calcd. for (NH,),[FeCl;(H,O)] (%): H, 3.48; N,
9.74. Found: H, 3.52; N, 9.44.

The title compound was also obtained when thi-
onicotinamide (¢nia) instead of inia was used. There
[tniaH]Cl was isolated as a by product. Anal. Calcd.
for [tniaH]Cl (%): C, 41.26; H, 4.04; N, 16.04.
Found: C, 40.76; H, 4.06; N, 15.72.

X-ray Crystallography

Intensity data for the title compound was collected
using a Siemens P4 diffractometer with graphite
monochromated MoKa radiation (Siemens 1990).
The diffraction intensities were corrected for
Lorentz and polarization effects with XSCANS
(Siemens 1994). Absorption correction was applied
using the program XEMP (Sheldrick 1990). The
structure was solved by direct methods using the
program SHELXS-86 (Sheldrick 1985) and refined
by the full-matrix least-squares method on all
F? data using the program SHELXL-97 (Sheldrick
2008). Geometrical analysis was performed using
SHELXL-97.
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Tab. 1. Crystal data and structure refinement for

(NH,)y[FeCl;(H,O)].
Chemical formula H,,Cl;FeN,O
M, 287.20
Crystal system, space group orthorhombic, Pnma
Temperature (K) 293(2)
a, b, c(A) 13.760(1), 9.960(1), 7.060(1)
V(AY 967.6(2)
Z 4
Radiation type MoK,

Crystal size (mm) 0.10 x 0.15 x 0.20
Siemens P4
Absorption correction y-scan; XEMP

[1> 25(D)] reflections 1837; 965; 640

Ry, 0.037

R[> 25(F?)], oR(F?), S 0.035; 0.066; 0.969
No. of parameters 65

A s AYpin (€ A7) 0.35/-0.391

Diffractometer

The structure was drawn by ORTEP-3 (Farrugia
1997) and Mercury (Macrae 2006) software. The
Single Crystal Suite WINGX was used as an inte-
grated system for all the crystallographic programs
and as the software for preparing the material for
publication (Farrugia 1999).

All non-hydrogen atoms of the title compound
were refined anisotropically as independent atoms.

Cl4B

H1C

/7
/7

Hydrogen atoms of water molecule were localized
on a difference Fourier map. The hydrogen atoms
of NH," ion were recalculated into idealized posi-
tions (riding model).

Other physical measurements

Elementalanalyses (carbon, hydrogen and nitrogen)
were carried out by means of a Flash EA 1112 ana-
lyzer. The infrared spectra (4000—100 cm™) were
measured in solid state by KBr technique and re-
corded on Nicolet 5700 FTIR spectrophotometer.

Results and discussion

During attempts to prepare iron complexes with
isonicotinamidium (iniaH") and thionicotinamid-
ium (tniaH)', respectively, there was observed hy-
drolysis of appropriate amides. It is known that the
amides hydrolyze under both acidic and alkaline
conditions. If amides of nicotinic acid are heated
with a dilute hydrochloric acid, nicotinic acid is
formed together with ammonium chloride (Jelinek
and Urwin 1953). Hydrolysis of amides, e.g. nicoti-
namide takes place also in biosystems (Smith et al.
2012). In our case, ammonium chloride which was
formed by hydrolysis of inia or tnia, reacted with
iron(I11) chloride and so (NH,),[FeCl;(H,O)] was
formed. The reaction took place under ambient
conditions in ethanol which contains about 4 % vol.
of water.
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Fig. 1. The system of hydrogen bonds in crystal structure of (NH,),[FeCl;(H,O)].
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Tab. 2. Selected bond lengths (A) and angles (°) for (NH,),[FeCl;(H,0)].

Fe—CI(1) 2.396(2) Cl(1)—Fe—Cl(2)
Fe—Cl1(2) 2.333(2) Cl(1)—Fe—CI(3)
Fe—CI(3) 2.363(2) Cl(1)—Fe—Cl(4)
Fe—Cl1(4) 2.390(1) Cl(1)—Fe—O

Fe—Cl(4A) 2.390(1) Cl(2)—Fe—CI(3)
Fe—O 2.119(5) Cl(2)—Fe—Cl(4)

92.22(6) Cl(2)—Fe—O 180.0(2)
179.24(7) Cl(3)—Fe—Cl(4) 90.49(4)
89.45(4) Cl(3)—Fe—O 89.4(2)
89.8(2) Cl(4)—Fe—O 85.59(4)
90.54(6) Cl(4)—Fe—Cl(4A) 171.12
94.41(3) H(1)—O—H(1A) 89.29

Tab. 3. Hydrogen bonds with H- - -A <#(A) +2.000 A and < D—H- - -A > 110° for (NH,),[FeCl;(H,0)].

D—H d(D—H) d(H.--A) <D—H.--A d(D---A) A

Ol—H1 0.806 2.424 162.30 3.200 Cl4 [-x, -y, -z + 1]
N1—HI11 0.981 2.521 153.55 3.427 Cl2 [-x+1/2, -y, z+1/2]
N1—HI11 0.981 2.790 114.30 3.316 Cl3 [-x+1/2,-y,z-1/2]
N1—HI12 0.919 2.776 167.01 3.678 Cl4[x+1/2,-y,z-1/2]
N1—H13 0.755 2.780 168.99 3.524 ClI3

N1—HI14 0.891 2.833 125.71 3.430 Cll [-x+1/2, -y, z+1/2]
N1—HI14 0.891 2.907 133.51 3.579 Cl4 [ x+1/2,y, -z+1/2 ]

Fig. 2. Packing of molecules in crystal structure of (NH,),[FeCl;(H,O)].

The refinement structure of (NH,)s[FeCl;(H,O)]
confirmed the general features published earlier
(Figgis 1978). Crystal data and conditions of data
collection and refinement are reported in Table 1,
bonds lengths and bonds angles are in Table 2 and
hydrogen bonds parameters are in Table 3.

The compound is built from one [FeCl;(H,O)]* and
from two NH," ions, which are held together by an
ionic interaction and additional hydrogen bond inter-

actions between coordinated Cl ligands and ammonia
cations, Cl---H—N. Hydrogen bonds CI---H—O
occur also between H,O and Cl ligands of neigh-
bouring anions (Fig. 1 and Table 3). The system of
hydrogen bonds is illustrated in Fig. 1. Packing of the
molecules in crystal structure is shown in Fig. 2.

The iron(I1I) atom in [FeCl;(H,O)]* ion is in an ap-
proximately octahedral ligand environment formed
by five Cl atoms and one molecule of water. This
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Tab. 4. Comparison of IR spectra data for A,[FeCl;(H,O)] (A*=NH,", K’, Rb’, Cs").

Vibration

P (NH,),[FeCl,(H,0)]* K,[FeCl,(H,0)]° Rb,[FeCl,(H,0)]" Cs,[FeCl,(H,0)]®
y(NH,") 1390 - - _
v(NH,") 3184 . , _
o(HOH) 1582 1585 1584 1593
v(OH) 3388 3369 3391 3389
o(Fe—Cl) 279 985, 271 985, 270 not given
v(Fe—O) 436, 349 376 371 not given

this work; "Piszczek 2003; Nakamoto 2009.

distortion is caused by the extensively hydrogen-
bonded lattice. The Fe—Cl bond (2.333(2) A) which
is trans to the water molecule, is evidently shorter
than other four Fe—Cl distances (their average is
2.385 A), presumably as a manifestation of trans
influence (Table 2). The angles in the anion are
very close to the published data (Figgis 1978).

This study is in a good agreement with the earlier
X-ray crystallographic reports for A,[FeCl;(H,O)],
where A"is NH,", K*, Cs*, Rb"and H,O" (Figgis 1978,
McElearney 1978, O’Connor 1979, Sgtofte 1981).
When A" cation is replaced with the organic cation
such as (Hy(cyclam)*, (enHy)*" or (dienH;)*"), some
quite remarkable perturbations from the octahedron
were observed (Subramanian 1993, James 2007).
Comparison of the important infrared spectral
data for Ay[FeCl;(H,O)], where A" is NH,", K*, Rb"
or Cs" are reported in Table 4. The most intense
bands in the spectrum are at 3184 and 1390 c¢cm™.
These bands can be assigned to NH," vibrations
(Nakamoto 2009). The 6(HOH) and v,(OH) bands
which occur at 1582 and 3388 cm™, respectively
clearly confirm the presence of water molecule in
the anion (Piszczek 2003). Other bands at 436 and
349 cm™! confirm the bond formation between iron
and oxygen atoms. The peak at 279 cm™is attributed
to the 6(Fe—Cl), what is also in a good agreement
with the literature data for the similar compounds
(Piszczek 2003; Nakamoto 2009).
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