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INTRODUCTION

Presently, the region of coordination polymers has under-
gone much development, for the purpose of designing new
materials with remarkable physical properties. Many one-, two-
and three-dimensional structures have been synthesized and
characterized [1-3]. The amine salts of halogen complexes were
prepared and these compounds are interesting because they
exhibit phase transitions related to motion of the ammonium
cations. Recently, investigation on organic-inorganic polar
crystals has become very important, because of its quadratic
nonlinear optical properties [4,5]. Metal complexes find position
in the fields of biological catalysis and functions, such as in
metabolism [6,7]. Phenylammonium chloride is an organic
monomer salt which on exposure to γ-radiation polymerize to
polyaniline [8-10]. It was formerly used as dosimeter for detection
of γ-radiation. Phenylammonium chloride has been used in
poly(vinyl alcohol) as host films. The prepared films were irrad-
iated with dose 10-50 kGy and showed that absorbance at 790
nm increased exponentially with dose [11]. Cobalt is an essential
and integral component of vitamin B12, therefore it is physiolo-
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gically found in most tissues. Complexes of cobalt are useful
for nutritional supplementation to deliver cobalt in a form,
which effectively raises the bioavailability, for instance, vitamin
B12 by microorganisms present in the gut. Mixed ligands cobalt
complexes find potential applications in the fields of anti-
tumour, antibacterial, antimicrobial, radio-sensitization and
cytotoxicity activities [12-15].

The growth of crystals containing two or more compo-
nents plays an important role in several modern industrial
applications [16]. The art of growing crystals has always been
fascinating and challenging. Modern technology employing
semiconductors, magnetic garnets, ultraviolet and infrared solid
state lasers, requires materials in good crystalline form. Solid
state electronics has become the key to modern technology
and its importance is likely to keep growing [17]. Extensive
studies have been carried out on the preparation, growth and
characterization of A2BX4 type compounds, where A = univalent
cations like Na+, K+, NH4

+, Rb+ and its alkyl derivatives; B=
divalent transition metal cations like Fe2+, Co2+, Ni2+, Mn2+,
etc. and X= halogen (Cl, Br and I ). A2BX4 compounds represent
the largest known groups of insulating crystals with structurally



in commensurate phases. In their normal parent phase, they
are orthorhombic and pseudo hexagonal, with space group
pcmn and have the structure of β-K2SeO4 type [18]. Typically
on decreasing temperature they undergo a second order phase
transition at Ti (in commensurate transition temperature) to a
one dimensionally modulated in commensurate (IC) phase with
the in commensurate wave vector directed along the pseudo
hexagonal ′a′ axis. The occurrence of in commensurate phases
in these crystals was interesting. As the temperature is lowered
a variety of phase transitions are observed. A comprehensive
list of the relevant A2BX4 materials and a review of their prop-
erties has been reported by Cummins [19]. In this view, we
have prepared PTMATCL-Co(II) compound and characterized
through elemental analysis, FTIR, TG-DTA, DSC and 1H NMR
spectroscopy.

EXPERIMENTAL

Preparation and crystal growth: Crystals of phenyl tri-
methylammonium pentachlorocobaltate(II)-alkyl halometallate
were grown by slow evaporation method at room temperature
(Scheme-I). Aqueous solutions of Analar grade (E. Merck)
phenyl trimethylammonium chloride and cobaltous chloride
were prepared separately in 2:1 molar ratio using triple distilled
water. The two solutions were mixed thoroughly. In order to
maintain acidic medium and to avoid hydrolysis 1 mL of HCl
is added. The resulting solution was filtered and the collected
filtrate in the beaker was covered by filter paper with minute
pores for growing crystals. Care was taken to minimize the
temperature gradient and mechanical shock. The PTMATCL-
Co(II) crystals obtained by slow evaporation method at room
temperature after 15 days were bright, blue colour and transparent
(Fig. 1). The grown crystals of phenyl trimethylammonium-
pentachlorocobaltate(II) were characterized through elemental
analysis, NMR spectroscopy, powder X-ray diffraction and
thermal analysis.

2C6H5(CH3)3NCl + CoCl2 
2H O/HCl→  [C6H5(CH3)3N]2CoCl4

Scheme-I: Reaction of phenyl trimethylammonium tetrachlorocobaltate

Fig. 1. Crystal photo of PTMATCL-Co(II)

RESULTS AND DISCUSSION

Elemental analysis: The results of elemental analysis (C,
H and N) of phenyl trimethylammonium pentachlorocobaltate
(II) crystals is shown in Table-1. The experimental values of
carbon, hydrogen and nitrogen are very close to the theoretical
values based on A2BX4 formula. The elemental analysis thus
confirmed the stoichiometry of [PTMATCL-Co(II)] compound.

TABLE-1 
ELEMENTAL ANALYSIS (%) OF PTMATCL-Co(II) 

Carbon Hydrogen Nitrogen 

Exp. Theo. Exp. Theo. Exp. Theo. 

41.76 45.64 9.14 5.91 5.37 5.91 

 
FT-IR studies: Various absorption frequencies and the

assignments of PTMATCL-Co(II) are presented in Table-2. The
peak is observed at 3386.04 cm-1 due to N-H stretching of
ammonium ion is confirmed. The peak at 3030.36 cm-1 is due
to Ar-H stretching vibrations of phenyl group. Bending defor-
mation mode of methyl scissoring is seen at 1491.20 cm-1.
Peak at 1465.56 cm-1 is due to bending deformation mode of
methyl group. The peak at 998.69 cm-1 is due to C-H out of
plane bending vibration. The peak at 844.74 cm-1 is due to C-H
deformation out of plane vibration. The peak at 767.59 cm-1 is
due to methyl in-plane bending vibration, mono-substituted
aromatic ring stretching. C-N-C and C-C-N deformation modes,
disubstituted meta C-H deformation are seen at 690.84 cm-1.
The peak is observed at 552.90 cm-1 is due to greater electro-
negativity in C-Cl atom.

TABLE-2 
FOURIER TRANSFORM INFRARED SPECTROSCOPIC  

(FTIR) STUDIES OF PTMATCL-Co(II) 

Frequency 
(cm-1) 

Assignment 

3386.04 N-H stretching due to ammonium ion 
3030.36 Ar-H stretching vibrations of phenyl group 
1627.00 C-N bending mode 
1491.20 C-H in-plane asymmetric bending due to methyl group 
1465.56 Bending deformation mode of methyl group 
998.69 C-H out of plane bending vibration 
844.74 C-H deformation out of plane vibration 
767.59 Aromatic in-plane bending vibration, meta di-substituted 

aromatic ring stretching 
690.84 C-N-C and C-C-N deformation modes, di-substituted 

meta C-H deformation 

 
1H NMR studies: 1H NMR spectrum of PTMACL-Co(II)

is shown in Fig. 2. In this spectrum, two signals are observed
at different δ values for methyl and Ar-H groups present in the
compound. All the methyl and Ar-H groups are in the same
environment. The expected δ values for methyl and aromatic
protons are 1.2 to 1.4 ppm and 7.5 to 7.8 ppm, respectively. In
this spectrum higher δ value is obtained. This is due to the
deshielding effect which confirms the presence of positive charge
on nitrogen containing three methyl groups and Ar-H groups.
The signal at 3.4 δ is due to the presence of methyl group protons.
The intensity of the peak is higher due to methyl proton. Peak
at 7.5 δ is due to Ar-H protons. The higher δ value is due to
deshielding effect because of electropositive nitrogen adjacent
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Fig. 2. 1H NMR spectrum of PTMATCL-Co(II)

to it. The deshielding effect decreases as the distance between
the methyl protons and the electropositive nitrogen increases.
As the distance increases, there is diminishing deshielding effect.
The spectrum endorses the presence of methyl and phenyl protons,
confirming the existence of trimethyl groups in the compound.

TG-DTA studies: TG-DTA thermogram of compound
phenyl trimethylammonium pentachlorocobaltate(II) (Fig. 3).
The compound is subjected to uniform heating of 20 ºC/ min
in nitrogen atmosphere. The TG-DTA curve showed a four stage
weight loss when heated between the room temperature and
800 ºC. The first stage decomposition started at 10 ºC and
ended at 180 ºC. There is a weight loss of 6.53 % which can be
accomplished by formulating the following decomposition reac-
tion of the compound. When the compound undergoes decomp-
osition as above, one mole of compound decomposes into one
mole of phenyl trimethylammonium pentachlorocobaltate(II)
and one mole of chlorine. Since [C6H5(CH3)3N]2CoCl4 is stable
at these temperature it does not vapourized at these temperature.
Theoretical loss of 6.97 % is observed whereas the experimental
loss observed is 6.53 %. The difference is 0.44 % which indicated
the experimental and theoretical values are close to each other
and the result was within the experimental error.

Fig. 3. TG-DTA curve of PTMATCL-Co(II)

6.53 % [C6H5(CH3)3N]2CoCl4 + Cl ↑[C6H5(CH3)3N]2CoCl5

508.25 472.8 35.45

In the second stage, we have only one mole of phenyl tri-
methylammoniumtetrachlorocobaltate(II) [C6H5(CH3)3N]2CoCl4

at 200 ºC. When the temperature is increased there is decom-
position of [C6H5(CH3)3N]2CoCl4 from 200 to 278 ºC with a
weight loss of 33.80 %. This weight loss can be accounted for
by formulating the following reaction.

33.80 % [C6H5(CH3)3N]CoCl3   +   C6H5(CH3)3NCl ↑[C6H5(CH3)3N]2CoCl4

472.8 301.13 171.67

The experimental weight loss is 33.80 % while the theore-
tical weight loss is 33.77 %. The difference is only 0.03 % which
is again within the error limit. In the third stage, we have only
[C6H5(CH3)3N]CoCl3. As the temperature increases, there is
decomposition of [C6H5(CH3)3N]CoCl3 from 278 ºC to 700 ºC
with a weight loss of 44.90 %. Thus weight loss can be accounted
by formulating the following decomposition reaction:

44.90 % C6H5(CH3)3NCoCl + Cl2 ↑[C6H5(CH3)3N]CoCl3
301.13 230.23 70.9

Theoretical loss of weight of leads to the loss of 44.90 %
whereas the experimental loss observed is 45.29 %. The diffe-
rence is only 0.39 % indicating that the result is within experi-
mental error. The theoretical value of residual mass is about
14.77 %, whereas the experimental value of residual mass is
13.94 %. The difference is found to be 0.83 % only indicating
that the experimental and theoretical values are very close to
each other and within experimental error. Thus the compound
decomposes in three stages. The decomposition starts at 10 ºC
and gets completed at 700 ºC. Thus, the thermogram confirmed
the stoichiometry of compound which is evident from the decom-
position patterns.

X-ray crystallographic studies: Intensity data collection
was done in a Bruker axs kappa Apex II single crystal X-ray
diffractometer equipped with graphite monochromated
Mo(Kα) (λ = 0.7107 Å) radiation [20] and CCD detector, using
good quality crystals of PTMATCL-Co(II) with the dimensions
0.10 mm × 0.20 mm × 0.20 mm. The unit cell parameters were
determined from 36 frames (0.5º phi-scan) measured from
three different crystallographic zones and using the method
of difference vectors. The intensity data were collected with
an average four-fold redundancy per reflection and optimum
resolution (0.75 Å). The intensity data collections were proce-
ssed by applying Lorentz & polarization (Lp) correction and
decay correction by using the program SAINT-NT (version
6.0). Empirical absorption correction (multi-scan) was perfor-
med using SADABS program [21]. The structures were solved
by direct methods using the program SHELXS97 [22] and
refined on F2 by full-matrix least-squares procedures using
the program SHELXL97 [23]. The non-hydrogen atoms were
refined anisotropically and the hydrogen atoms in both the
structures were constrained to ride on their respective parent
atoms. The geometrical parameters were calculated using the
programs PARST [24] and PLATON [25].

X-ray diffraction studies: Three dimensional structure
of the titled compound was obtained from single crystal X-ray
diffraction studies. The ORTEP diagram for PTMATCL-Co(II)
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compound is shown in Fig. 4 and the displacement ellipsoids
were drawn at 50 % probability level. The molecule composes
of two anilinium moiety and a tetrachlorocobaltate moiety.
The cell parameters were a = 15.5329(4) Å, b = 9.5793(4) Å,
c = 30.8443(8) Å and β = 95.450(2)º belongs to monoclinic
crystal system with C2/c space group. The crystal data of
PTMATCL-Co(II) molecule is presented in Table-3. Table-4
depicted the atomic coordinates and its equivalent isotropic
displacement parameters for non-hydrogen atoms of
PTMATCL-Co(II).

Fig. 4. ORTEP diagram for PTMATCL-Co(II) compound

TABLE-3 
CRYSTAL DATA FOR PTMATCL-Co(II) 

 Parameters PTMATCL-Co(II) 
CCDC number 1029779 
Empirical formula C18H28N2Cl4Co 
Formula weight 473.15 
Temperature (K) 293(2) 
Wavelength (Å) 0.71073 
Crystal system Monoclinic 
Space group C2/c 
Unit cell dimensions   

a (Å) 15.5329(4) 
b (Å) 9.5793(4) 
c (Å) 30.8443(8) 

β (°) 95.450(2) 

Volume (Å3) 4568.7(3) 
Z 8 
Calculated density (Mg/m3) 1.376 
Absorption coefficient (mm-1) 1.223 
F(000) 1960 
Crystal size (mm) 0.10 × 0.20 × 0.20 

θ-range for data collection (°) 1.33 to 26.53 

Limiting indices -19<=h<=19; -11<=k<=12;  
-36<=l<=38 

Reflections collected/unique 32141/4750 [R(int) = 0.0341] 

Completeness to θ = 25.00 (%) 100 % 

Refinement method Full-matrix least-squares on F2 
Data/restraints/parameters 4750/0/227 
Goodness-of-fit on F2 1.075 

Final R indices [I>2σ(I)] R1 = 0.0387, wR2 = 0.1000 

R indices (all data) R1 = 0.0471, wR2 = 0.1056 
Largest diff. peak and hole (e Å-3) 0.364 and -0.311 

 

TABLE-4 
ATOMIC COORDINATES (× 104) AND EQUIVALENT 

ISOTROPIC DISPLACEMENT PARAMETERS (Å2 × 103) FOR 
THE NON-HYDROGEN ATOMS OF PTMATCL-Co(II) 

PTMATCL-Co(II) 
Atoms 

x y z *U(eq) 
C1 61(2) -2659(3) 5209(1) 54(1) 
C2 -98(2) -2653(4) 4768(1) 82(1) 
C3 555(3) -3008(5) 4513(1) 95(1) 
C4 1346(2) -3353(4) 4698(1) 84(1) 
C5 1490(2) -3375(4) 5138(1) 88(1) 
C6 859(2) -3028(4) 5396(1) 73(1) 
C7 -520(5) -2765(11) 5918(2) 246(5) 
C8 -701(3) -692(5) 5484(2) 157(3) 
C9 -1497(3) -2739(6) 5280(2) 130(2) 
C10 2015(2) -3065(3) 6931(1) 44(1) 
C11 1605(2) -1792(3) 6937(1) 59(1) 
C12 725(2) -1756(4) 6970(1) 73(1) 
C13 266(2) -2965(4) 6989(1) 76(1) 
C14 676(2) -4229(4) 6974(1) 75(1) 
C15 1557(2) -4287(3) 6945(1) 60(1) 
C16 3358(2) -4488(4) 6972(1) 85(1) 
C17 3109(2) -2645(4) 6435(1) 73(1) 
C18 3434(2) -2096(4) 7210(1) 74(1) 
N1 -646(2) -2233(3) 5476(1) 68(1) 
N2 2970(1) -3077(2) 6890(1) 45(1) 
Co1 3232(1) -3061(1) 8692(1) 44(1) 
Cl1 2992(1) -1023(1) 9042(1) 67(1) 
Cl2 3225(1) -4801(1) 9192(1) 68(1) 
Cl3 4494(1) -3023(1) 8377(1) 74(1) 
Cl4 2145(1) -3342(1) 8156(1) 68(1) 

*Ueq = (1/3)ΣiΣjUijai*aj*ai.aj 

 
The phenyl rings of both anilinium group were existing

in the planar geometry. The C-C distances among the benzene
ring of both phenyl trimethylammonium moiety is in agreement
with the literature values [26] (Table-5). The dihedral angle
between two phenyl trimethyl ammonium moieties was found
to be 89.49(16)°. The hydrogen bond lengths were in the range
of 0.9300 Å to 0.9600 Å. The sum of bond angles around
N1[328.6(12)º] and N2[330.7(6)º] of two phenyl trimethyl-
ammonium moieties was in accordance with sp3 hybridization
[27]. The torsion angles of PTMATCL-Co(II) compound are
given in Table-6. The tetrachlorocobaltate group exhibited
distorted tetrahedral geometry with Co(II) ion surrounded by
four Cl atoms, Cl-Co-Cl angles ranging from 107.16(3)º and
112.12(3)º. The Co-Cl bond lengths are in the range of 2.2653(7)
Å and 2.2798(8) Å, which were close to those observed in related
literature [28]. In general, metal-halogen bonds are weaker and
they have higher bond lengths [29]. The Co-Cl bond lengths
are larger, when matched with C-N and C-C bond lengths (Table-
5).

In PTMATCL-Co(II) compound, C-H···Cl type of hydrogen
bonding plays an important role in creating the molecular asso-
ciation. Here, two chlorine atoms Cl1 and Cl3 acts as acceptors
of C-H···Cl H-bonds. The remaining chlorine atoms Cl2 and
Cl3 do not contribute in hydrogen bonding network with the
van der Waals forces. The deviation from the perfect tetrahedral
arrangement around Co(II) in PTMATCL-Co(II) molecule can
be described by participation of chlorine ions in the hydrogen
bonding. The Cl1 atom behaves as an acceptor for the methyl
group hydrogen′s from the neighbouring molecule via
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TABLE-5 
SELECTED BOND LENGTHS (Å) AND  

BOND ANGLES (°) OF PTMATCL-Co(II) 

Atoms Length Atoms Angles 
C1-C2 1.359(4) C2-C1-C6 119.7(3) 
C1-C6 1.364(4) C2-C1-N1 118.6(2) 
C1-N1 1.491(4) C6-C1-N1 121.6(3) 
C2-C3 1.381(5) C1-C2-C3 119.7(3) 
C3-C4 1.347(5) C4-C3-C2 120.6(3) 
C4-C5 1.353(5) C3-C4-C5 119.0(3) 
C5-C6 1.361(5) C4-C5-C6 121.5(3) 
C7-N1 1.453(6) C5-C6-C1 119.4(3) 
C8-N1 1.479(5) C15-C10-C11 120.9(2) 
C9-N1 1.481(5) C15-C10-N2 121.0(2) 

C10-C15 1.373(4) C11-C10-N2 118.1(2) 
C10-C11 1.377(4) C10-C11-C12 119.1(3) 
C10-N2 1.501(3) C13-C12-C11 120.4(3) 
C11-C12 1.381(4) C12-C13-C14 120.2(3) 
C12-C13 1.363(5) C13-C14-C15 120.3(3) 
C13-C14 1.371(5) C10-C15-C14 119.1(3) 
C14-C15 1.380(4) C7-N1-C8 109.7(5) 
C16-N2 1.492(4) C7-N1-C9 107.7(5) 
C17-N2 1.496(3) C8-N1-C9 106.4(4) 
C18-N2 1.497(4) C7-N1-C1 112.5(3) 
Co1-Cl4 2.2653(7) C8-N1-C1 109.2(3) 
Co1-Cl3 2.2678(7) C9-N1-C1 111.1(3) 
Co1-Cl2 2.2713(8) C16-N2-C17 108.5(2) 
Co1-Cl1 2.2798(8) C16-N2-C18 107.1(2) 

  C17-N2-C18 109.9(2) 
  C16-N2-C10 112.3(2) 
  C17-N2-C10 108.01(19) 
  C18-N2-C10 110.9(2) 
  Cl4-Co1-Cl3 107.72(3) 
  Cl4-Co1-Cl2 110.88(3) 
  Cl3-Co1-Cl2 111.28(3) 
  Cl4-Co1-Cl1 107.66(3) 
  Cl3-Co1-Cl1 112.12(3) 
  Cl2-Co1-Cl1 107.16(3) 

 
TABLE-6 

TORSION ANGLES (°) OF PTMATCL-Co(II) 

Atoms Angles 
C6-C1-C2-C3 -0.6(6) 
N1-C1-C2-C3 178.3(4) 
C1-C2-C3-C4 -0.4(7) 
C2-C3-C4-C5 1.4(7) 
C3-C4-C5-C6 -1.4(6) 
C4-C5-C6-C1 0.5(6) 
C2-C1-C6-C5 0.5(5) 
N1-C1-C6-C5 -178.3(3) 

C15-C10-C11-C12 1.8(4) 
N2-C10-C11-C12 179.3(2) 
C10-C11-C12-C13 -1.2(5) 
C11-C12-C13-C14 -0.1(5) 
C12-C13-C14-C15 0.7(5) 
C11-C10-C15-C14 -1.2(4) 
N2-C10-C15-C14 -178.6(2) 
C13-C14-C15-C10 -0.1(4) 

C2-C1-N1-C7 158.4(5) 
C6-C1-N1-C7 -22.7(6) 
C2-C1-N1-C8 -79.5(4) 
C6-C1-N1-C8 99.3(4) 
C2-C1-N1-C9 37.6(5) 
C6-C1-N1-C9 -143.5(4) 

C15-C10-N2-C16 -13.4(3) 
C11-C10-N2-C16 169.0(3) 
C15-C10-N2-C17 106.2(3) 
C11-C10-N2-C17 -71.3(3) 
C15-C10-N2-C18 -133.3(3) 
C11-C10-N2-C18 49.2(3) 

 

C16-H16B···Cl1 and C17-H17C···Cl1 interactions, forming a
loop (Fig. 5, Table-7). The trifurcation of chlorine atom Cl1
was done at (-x,y,-z+3/2) via C9-H9B···Cl1 hydrogen bond. The
C17-H17A···Cl3 intermolecular interaction also contributes to
the crystal packing, which forms zig-zag chains along a-axis.

Fig. 6. Packing diagram for PTMATCL-Co(II) compound along a-axis

TABLE-7 
HYDROGEN BONDING GEOMETRY  

(Å AND °) FOR PTMATCL-Co(II) 

D–H···A d(D-H) d(H···A) d(D···A) ∠(DHA) 
C17-H17A...Cl31 0.96 2.82 3.731(3) 158.5 
C17-H17C...Cl12 0.96 2.99 3.884(4) 154.8 
C16-H16B...Cl12 0.96 2.99 3.886(4) 155.8 
C9-H9B...Cl13 0.96 2.71 3.659(5) 168.3 
Symmetry codes:(1) -x+1,y,-z+3/2 (2) -x+1/2,y-1/2,-z+3/2 (3) -x,y,-
z+3/2 

 
Conclusion

Alkyl halometallate crystals of phenyl trimethyl ammo-
nium pentachlorocobaltate(II) [PTMATCL-Co(II)] was grown
by slow evaporation method at room temperature. The spectral
studies of FTIR, 1H spectra and the elemental analysis to
confirm the stoichiometry of the compound were obtained
which is in agreement with the three dimensional crystal structure
derived from the single crystal X-ray studies. The crystal data
and cell parameters evidently showed that the compound belongs
to monoclinic crystal system with C2/c space group. In thermal
studies, the mass change of the system is measured as the
function of temperature which shows PTMATCL-Co(II) mole-
cule with stands up to 200 ºC elucidating its good melting point.
Overall, the compound phenyl trimethylammonium pentachloro-
cobaltate(II) was synthesized and crystallized to progress the
modern industrial applications of alkyl halometallates with
its good thermal stability.
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