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ABSTRACT
Chemical preparation, X-ray single crystal, thermal
analysis and IR spectroscopic investigation of (C7H10
N)2·SO4 denoted NMAS are described. The NMAS
crystallizes in the triclinic system with P-1 space
group. Its unit cell dimensions are a = 9.6150(5) Å, b
= 9.9744(3) Å, c = 10.2767(6) Å,  = 68.069(3),  =
62.929(2),  = 67.285(3) with V = 785.72(7) Å3 and Z =
2. The structure has been solved using direct method and refined to a reliability R factor of 3.62%.
The NMAS structure is built up from chains containing all the components of the structure and parallel to the b axis, linked via N—HO hydrogen
bonds. Stability between successive chains is performed by weak interactions originating from the organic cations.
Keywords: Chemical Preparation; Crystal Structure;
Thermal Behavior; Organic Sulfate; Infrared Spectroscopy

1. INTRODUCTION
Studies of charged species (cations and anions) have become an active research area in organic chemistry and
biology [1-3]. Their role as structural agents is important
in molecular association processes and in mediating the
tertiary structures of proteins and nucleic acids [4]. The
family of compounds which combine the cohesion of
sulfate anions with enhanced polarizability of organic
molecules was clearly illustrated. The most striking result is the high number of hydrogen bonds to the sulfate,
which results in the sulfate being surrounded by a cloud
of hydrogen donors [5]. The title compound (NMAS) is
an additional example for illustrating the templating effect
of aromatic ammonium molecules on sulfate. Besides
structural considerations resulting from crystallographic
studies, some organic sulfates exhibit non-linear optical
properties [6], or phase transitions [7,8]. The present work
continues a series of investigations into the factors

influencing the dimensions of sulfate anion–organic cation interaction. We report here the chemical preparation,
crystallographic features, thermal behavior, and IR analysis of a new organic sulfate, (C7H10N)2·SO4.

2. EXPERIMENT
2.1. Chemical Preparation
Crystals of NMAS were prepared by slow evaporation at
room temperature of 400 mL of an aqueous solution of
H2SO4 (10–1 M), neutralized by 0.08 mol of N-methyl
aniline (molar ratio 2/1). During this operation the solution was stirred vigorously. Schematically the reaction is:
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When the most of solution is evaporated, large colorless and prismatic crystals appear deep down the vessel.

2.2. Investigation
The title compound has been studied by various physicochemical methods: X-ray diffraction, Infrared spectroscopy and Thermal analysis.
2.2.1. SEM Elemental Analysis
The sample used in performing the Scanning Electron
Microscope (SEM) analysis was cut up into a small piece of about 0.5 cm by 0.5 cm. It was then loaded unto a
sample holder and loaded into the SEM.
2.2.2. Thermal Analysis
Setaram thermoanalyser, TG-DTA92, was used to perform thermal treatment on samples of the LTHS. TGDTA thermograms were obtained with 19.47 mg sample
in an open platinium crucible, heated in air with 3˚C
min–1 heating rate, from room temperature to 250˚C, an
empty crucible was used as reference.
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2.2.3. Infrared Spectroscopy
IR spectrum was recorded at room temperature with a
Biored FTS 6000 FTIR spectrometer over the wavenumber 4000-400 cm–1 with a resolution of about 4 cm–1. Thin,
trans-parent pellet was made by compacting an intimate mixture obtained by shaking 2 mg of the sample in 100 mg of KBr.
2.2.4. X-Ray Diffraction
X-ray intensity data were collected on a Nonius KappaCCD diffractometer using monochromated K (Mo) radiation with a specimen-to-image plate distance of 2.7
cm. For the crystal, 90 frames were recorded, each being
of 2 in  and 120 s duration. The first ten frames were
used for indexing reflections using the DENZO package
and refined to obtain final cell parameters. A total of
2538 reflections had their intensities integrated and scaled,

finally yielding 2421 independent reflection intensities
[9]. Preliminary photographs indicated triclinic symmetry. The crystal structure carried out with a direct method
from the SHELXS-97 [10], permitted to locate the SO4
group and the other non-hydrogen atoms. The hydrogen
atoms were rapidly located after subsequent cycles of refinement and difference Fourier synthesis using the program SHELXL-97 [10]. In the final leastsquares refinement of atomic parameters with isotropic thermal factors
of the H atoms, R decreased to 3.62% (Rw = 9.08%). The
average density, Dm = 1.308 g·cm–3, measured at room
temperature using toluene as pycnometric liquid, is in
agreement with the calculated Dc = 1.320 g·cm–3. The set
of physical and crystallographic characteristics as well as
the experimental conditions are listed in Table 1.

Table 1. Crystal data and structure refinement.
Compound

(C7 H10N)2·SO4

Color/shape

Colorless/prismatic

Formula weight

312.38 g/mol

Crystal system

Triclinic

Space group

P-1

Temperature, K

293(2)

Unit cell dimensions:
a = 9.6150(5) Å

 = 68.069(3)

b = 9.9744(3) Å

 = 62.929(2)

c = 10.2767(6) Å

 = 67.285(3)

Cell volume, Å3

785,72(7) Å3

Z

2

Density (calculated), g/cm3

1.320

Absorption coefficient, mm-1

0.223

diffraction measurement device

Kappa CCD Nonius

Radiation, graphite monochr.

MoK ( = 0.71073 Å)

Max. crystal dimensions, mm

0.37 × 0.29 × 0.22

scan mode

(CCD diffract.)

 range

2.89 - 26.38˚

Range of h, k, l

0/12, –10/10, –10/12

Number of scanned reflections

2538

Number of independent ref.

2421

Number of observed reflections

2421

Reflections observed criterion

I > 2(I)

Data reductions programs

Denzo [9]

Computer programs

SHELX-97 [10]

Refined parameters

270

Extinction Coefficient
Goodness of fit on F

2

0.09(1)
1.075

R

0.0363

Rw

0.0908
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3. RESULTS AND DISCUSSION
3.1. SEM Elemental Analysis
This test was performed in order to quantify the elements that existed in our sample. By know this information; we would have a better idea of the elements contained in our new compound. Below is an image of the
spectrum obtained from the SEM elemental analysis.

Figure 1. TG-DTA thermograms.

3.2. Thermal Behavior
From the TG-DTA thermograms (Figure 1), we deduce
that the anhydrous compound decomposes in the range
120˚C - 250˚C, with evolution of ammonia [11]. Within
this temperature range, a rather bad smell escapes from
the resulting black compound. The DTA curve shows an
two endothermic peaks at 148˚C and 153˚C. These peaks
may be ascribed to the melting. The melting of the compound is confirmed by an additional thermal treat- ment
in a separate carbolite furnace with run heating of 3˚C
/min from room temperature to 150˚C, the resulting compound being a white liquid.

3.3. IR Absorption Spectroscopy
A free SO42– ion under Td symmetry has four fundamental vibrations, the nondegenerate symmetric stretching
mode 1(A1), the doubly degenerate bending mode 2(E),
the triply asymmetric stretching mode 3(F2), and the
triply degenerate asymmetric bending mode 4(F2). All
the modes are Raman active, whereas only 3 and 4 are
active in the IR. The average frequencies [12], respecttively observed for these modes are: 981, 451, 1104 and
614 cm–1. In the crystal, the SO42– ion occupies a lower
site symmetry C1, as a result the IR inactive 1 and 2
modes may become active and the degeneracies of 2, 3
and 4 modes may be removed. The degenerate 2 mode
of the ion is found to be split into two components
around 423 and 446 cm–1. Appearance of this IR inactive
mode can be due to the symmetry lowering of the sulfate
ion from Td to C1. The 3 mode appears as one very strong
band at 1117 with two shoulders at 1005 and 1177 cm–1.
Copyright © 2011 SciRes.

The 4 mode is observed as two bands at 584 and 620
cm–1 and one shoulder 693 cm–1.
The non-degenerate stretching mode 1 appears as one
band at 988 cm–1. The higher frequency value obtained
for the 1 mode than those in a free SO42– ion also confirms the distortion of SO4 tetrahedron as is evident from
different S–O bond lengths determined by the X-ray diffraction study. Distortion of the SO42– ion and the fact
that there are two molecular units in the Bravais cell
leads to a splitting of the 1 mode and additional splitting, apart from the lifting of degeneracies of the 2, 3,
and 4 modes. X-ray data show that H atoms of the NH2
groups generate hydrogen bonds with the oxygen atoms
of the SO4 group. The presence of these hydrogen bonds
may be the reason for the observed distortion in the SO4
tetrahedron in NMAS.
The remaining observed bands in the spectrum can be
assigned to CH3, CH, NH2+, and skeletal symmetric and
asymmetric stretching and deformation modes [13]. The
domain of high frequencies in the spectrum is characterized
by N(C)-H stretching, combination bands and harmonics, while the lower one corresponds to the bending and
to the external modes. The IR spectrum of NMAS is
depicted in Figure 2. A broad band extending from 3395
to 2609 cm–1 is observed in the IR spectrum. This broad
band must be due to the symmetric and asymmetric
stretching modes of NH2, CH3 and CH·NH2 bending,
rocking and torsion may occur in the ranges 1659 - 1560,
952 - 725 and 554 - 520 cm–1. The shifting of the stretching and bending vibrations of the NH2 group from the free
state value confirms the formation of hydrogen bonds of
varying strengths in the crystal. Skeletal vibrations may
occur in the ranges 1659 - 1560 and 952 - 725 cm–1. Frequencies in the range 1469 - 1305 cm–1 are attributed to
s(CH3), as(CH3), s(CH) and as(CH).

3.4. Structure Description
The structure of this new phase shows that its framework
OJIC
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Figure 2. IR spectrum of polycrystalline NMAS.

consists of infinite chains parallel to the b and containing
all the components of the atomic arrangement (Figure 3).
The S-O distances range from 1.448(1) to 1.490(1) Å
with an average of 1.471 Å.
Slight differences in the S-O bond lengths together
with the slight deformation of the anions indicate a different manner of connection of the oxygen atoms in the
hydrogen bond system in the NMAS crystal structure.
The high sensitivity of the S-O bond distances to the
strength and the number of the hydrogen bonds which
may be formed, has been also noted in other crystal
structures [14-16]. O(4), which do not participate in hydrogen bonds , has the shortest S-O distance of 1.448(1)
Å. O(1) and O(2), with S-O bond distances of 1.472(1)
and 1.473(2) Å, respectively, participates in one hydrogen bonds. Consequently, it is possible to use differences
in bond lengths to identify which O in the N(O)-HO
bonds is more highly associated. The main geometric
features of the sulfate anion and of the hydrogen bonds
are assigned in Tables 2 and 3.
The SO42– groups exhibit a compact assembly of oxygen atoms in which the sulfur atom shows a slightly displacement from the center of gravity of the tetrahedron.
The calculated average values of the distortion indices
[17], corresponding to the different angles and distances
in the SO4 tetrahedron [DI(OSO) = 0.001, DI(SO) = 0.008,
DI(OO) = 0.0025] exhibit a pronounced distortion of the
SO distances if compared to OSO angles and OO distances.
Figure 4 shows an ORTEP [18] stereoscopic projecttion of the crystal packing. The obtained thermal ellipsoids show the S atom to exhibit rather isotropic thermal
displacement and the oxygen atoms to undergo the greatest thermal displacements in a direction perpendicular to
the S-O bond, as would be expected in such a compound
[19]. Each sulfate anion is surrounded by four hydrogen
bonds: four from four NH2 groups (see Figure 4). Each
anion is bridged to four cations with NO distances
Copyright © 2011 SciRes.

ranging from 2.726(2) to 2.802(2) Å. The hydrogen bonds
[N-HO] range from 1.84(2) to 1.95(3) Å in length
(HO) with N-HO angles from 168(2) to 173(2) (see
Table 3). The structure contains four potential hydrogen-bond donors [four N atoms] and four potential hydrogen-bond acceptors [O atoms of the SO4 group].
In this atomic arrangement, the two crystallographic independent organic cations have no internal symmetry. The
interatomic bond lengths and angles spread within the respective ranges: 1.366(4) - 1.484(3) Å and 113.31(15)˚ 121.47(18). The mean length of the C-C bonds: 1.377 Å
is lower than the one of C-N bonds:1.470 Å. The bond
angles in the phenyl groups deviate significantly from
the idealized value of 120˚. This is the effect of the substituent. Domenicano and Murray-Rust have [20], among
others, shown that the angular deformations of phenyl
groups can be described as a sum of the effects of the
different substituents. The benzenes rings are planar with
a maximum deviation of 0.008(2) for (C1C2C3C4C5C6)

Figure 3. Projection along the a axis of the atomic arrangement of NMAS. (For clarity, the H atoms of Carbon are omitted; H-bonds are represented by dashed lines).
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Table 2. Main interatomic distances (Å) and bond angles (˚) in the NMAS.
S-O(1)

:1.472(1)

O(1)-S-O(2)

:109.58(8)

S-O(2)

:1.473(1)

O(1)-S-O(3)

:107.51(8)

S-O(3)

:1.490(1)

O(1)-S-O(4)

:111.7(1)

S-O(4)

:1.448(1)

O(2)-S-O(3)

:108.35(8)

O(2)-S-O(4)

:110.19(9)

O(3)-S-O(4)

:110.08(9)

N(2)-C(8)

:1.458(2)

C(8)-N(2)-C(14)

:114.38(16)

N(2)-C(14)

:1.484(3)

C(6)-C(1)-C(2)

:121.47(18)

C(1)-C(6)

:1.372(3)

C(6)-C(1)-N(1)

:119.48(17)

C(1)-C(2)

:1.374(3)

C(2)-C(1)-N(1)

:119.02(17)

C(1)-N(1)

:1.460(2)

C(1)-N(1)-C(7)

:113.31(15)

N(1)-C(7)

:1.477(3)

C(9)-C(8)-C(13)

:121.16(18)

C(8)-C(9)

:1.372(3)

C(9)-C(8)-N(2)

:119.68(17)

C(8)-C(13)

:1.376(3)

C(13)-C(8)-N(2)

:119.15(17)

C(2)-C(3)

:1.390(3)

C(1)-C(2)-C(3)

:119.4(2)

C(9)-C(10)

:1.387(3)

C(8)-C(9)-C(10)

:118.9(2)

C(13)-C(12)

:1.387(3)

C(8)-C(13)-C(12)

:119.1(2)

C(11)-C(10)

:1.366(4)

C(10)-C(11)-C(12)

:120.6(2)

C(11)-C(12)

:1.367(4)

C(4)-C(3)-C(2)

:119.6(2)

C(3)-C(4)

:1.371(4)

C(11)-C(12)-C(13)

:120.0(2)

C(6)-C(5)

:1.397(3)

C(1)-C(6)-C(5)

:118.6(2)

C(4)-C(5)

:1.371(4)

C(3)-C(4)-C(5)

:120.8(2)

C(4)-C(5)-C(6)

:120.1(2)

C(11)-C(10)-C(9)

:120.3(2)

Table 3. Bond lengths (Å) and angles (˚) in the Hydrogen-bonding schemea.
N-H

a

H

O

N

O

N-H

O

N1-H1N1

O2i

0.88(3)

1.86(3)

2.731(2)

168(2)

N1-H2N1

O3

0.96(2)

1.84(2)

2.789(2)

171(2)

N2-H1N2

O3

0.86(2)

1.95(3)

2.802(2)

171(2)

N2-H2N2

O1j

0.88(2)

1.85(2)

2.726(2)

173(2)

Symmetry operators: (i): –x + 1, –y + 2, –z, (j): –x + 1, –y + 1, –z.
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Figure 4. ORTEP stereoscopic projection of the atomic arrangement (For
clarity, the H atoms of Carbon are omitted; H-bonds are represented by
dashed lines). Thermal ellipsoids are given at 50% probability.

and 0.009(2) for (C8C9C10C11C12C13). The interplanar
angle between the two benzene rings of the formula unit
is 82.70(7). The torsion angles of: C7-N1-C1-C6 and
C14-N2-C8-C13, are respectively: –68.9(3) and 71.2(3),
indicating that the groups: N1-C7 and N2-C14, are not in
the same planes of their benzene rings.

[3]

3.5. Supplementary Material
Crystallographic data (excluding structure factors) for
the structure reported in this paper have been deposited
with the Cambridge Crystallographic Data Centre as supplementary publication no. CCDC 838574. Copies of the
data can be obtained, free of charge, on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax:
+441,223,336,033 or e-mail: deposit@ccdc.cam.ac.uk).

[4]
[5]

[6]
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