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Abstract

Single crystals of the 4,4 ~diamoniumdiphenylmethan sulfate hydrate, denoted
DDPS, were grown by slow evaporation solution technique at room tempera-
ture. The compound was characterized by single crystal X-ray diffraction, IR
and thermal analysis (TG-DTA). It crystallizes in the monoclinic system
(space group C2/c) with the following unit cell dimensions: a = 17.7635(10) A b
= 9.3796(10) A, ¢ = 27.5676(10) A, B = 97.367(2) °, V = 4555.2(6) A. The
structure was solved by the direct method and refined to final R value of
0.0472 for 2108 independent reflections. The anions are hydrogen bonded to
each other, forming clusters [HS,O4]*" parallel to the plan (a, b). The water
molecules connect these clusters via O—H:--O hydrogen bonds. The organic
cations are attached to the clusters through N—H:--O hydrogen bonds, forming
an infinite three-dimensional network.
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1. Introduction

The chemistry of hybrid materials has received an important growth in last two
decades; it was an impressive area of research for many investigations in differ-
ent field of sciences [1] [2] [3]. In fact, “pillared layer” materials and three-

dimensional frameworks are formed involving the sulfates ligands which pro-
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mote the formation of alternating organic and inorganic layers [4]. Not only the
morphologies or the length of sulfate groupments can give this chemistry its
important feature; but also the chemical identity of the organic group can pro-
foundly influence the whole structure of these compounds [5]. Presently, various
syntheses of organically cation-templated sulfates crystals were the subject of many
investigations which have been of great benefit in various fields of sciences [6] [7]
[8]. It is worthy to note that, in general, the observed sulfate anions are, basically
[HSO,]™ or [SO,]*". The cohesion forces in these hybrid compounds are dominat-
ed by electrostatic interactions, Vander Waals contacts, and hydrogen bonds
(O-H--O and N-H--O). These hydrogen bonds play an important role in the
mechanism of association of molecules that either biological or not [9].

The title compound (DDPS) is an additional example for illustrating the tem-
plating effect of aromatic ammonium molecules on sulfate. In addition, struc-
tural considerations resulting from crystallographic studies, some organic sul-
fates exhibit non-linear optical properties [10], or phase transitions [11]. 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 analy-
sis of a new organic sulfate, (C,;H(N,), ;HSO,SO,H, ;O.

2. Experimental
2.1. Synthesis

By slow evaporation single crystals of the studied compound were obtained from a
solution of 4,4 “diaminodiphenylmethan [Sigma-Aldrich] and sulfuric acid (98
wt% from Fluka) as obtained from commercial sources without further purifica-
tion. A solution of 4,4 diaminodiphenylmethan (1.98 g, 0.01 mol) in 200 mL of
water was added to a solution of sulfuric acid. The resulting solution was filtered
through paper and left at room temperature. After several days, transparent and

good single crystals were produced, which were filtered and air dried.

NH,

NH, NH; .
H,O N, NH,3
312 +2H,S0, ————> HS0,SO,H, ;0
c C 1.5

2.2. Characterization

2.2.1. X-Ray Single Crystal Structure Determination

The intensity data collection was performed using an Enraf-Noniusdiffracto-
meter and monochromated Mo radiation (1 = 0.71073 A). Pertinent details of
the crystal structure of (C,;H(N,), ;HSO,SO,H, ;O are listed. The strategy used
for the structure determination and its final results are gathered in Table 1. The
structure was solved with a direct method, from the SHELXS-97 programs,
which permitted the location of the HSO, and SO, groups. The remaining non-

hydrogen atoms were located by the successive difference.
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Table 1. Crystal structure data for (C;;H;N,), ;HSO,SO,-H, ;0.

Compound
Color/shape

Formula weight

(C13H16N2)1.5HSO4 SO,+H, ;0
Colorless/prismatic

511.06 g/mol

Crystal system monoclinic
Space group C2/c(15)
Temperature, K 293(2)

Unit cell dimensions

a=17.7635(10) A

b =9.3796(10) A B=97.37(2)
¢ =27.5676(10) A

Cell volume, A3 4555.2(6)

Z 8

Density (calculated), g/cm? 1.490
Absorption coefficient, mm™ 0.291
diffraction measurement device Enraf-Nonius CAD4

Radiation, graphite monochr

MoKa (1= 0.71073 A)

Max. crystal dimensions, mm 0.15%0.2x0.3

frange 2-25.00

Range of A, & -16<h<16,-2<k<9,0</<26
Number of independent ref. 2108

Unique reflexions included: (I > 201) 1807

Computer programs

SHELX-97 [9]

Data reductions programs Denzo [10]
Refined parameters 409
Goodness of fit on F2 1.00

R 0.0472

Rw 0.1265
Extinction coefficient 0.0002(3)
Apmin./Apmax. (e/A3) -0.480/0.311

Langest shift error max/min

0.0002/0.000

Fourier maps using the SHELXL-97 programs [12]. In the final least-squares
refinement of atomic parameters with isotropic thermal factors of the hydrogen
atoms, R decreased to 4.72% (Rw = 12. 60%) for DDPS. Full crystallographic in-
formation related the crystal structure has been deposited at the CCDC as CIF
file, No. CCDC 1540491. Copies of this information may be obtained free of
charge from the director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (fax:

+44 1223 033; deposit@ccdc.cam.ac.uk or www.http://wwwccdc.cam.ac.uk).
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2.2.2. Infrared Spectroscopy

IR spectrum of DDPS was recorded at room temperature with a Biored FTS 6000
FTIR spectrometer over the wave number range of 4000 - 400 cm™' with a reso-
lution of about 4 cm™'. Thin, transparent pellet was made by compacting an in-

timate mixture obtained by shaking 2 mg of the samples in 100 mg of KBr.

2.2.3. Thermal Analysis

Setaram TG-DTA92 thermoanalyzer was used to perform thermal analysis on
samples of DDPS. The TG-DTA thermograms were obtained with 21.5 mg.
Samples were placed in an open platinum crucible and heated in air with 5°C/

min heating rate; an empty crucible was used as reference.

3. Results and Discussion

3.1. DDPS Structure Description

The crystal of the title compound is built up from 4,4 *diamoniumdiphenyl-
methan cations, two types of sulfate anions with different ionization state, ie.
[HSO,]” monoanions and [SO,]*” dianions, and from water molecules. Figure 1
showed that the asymmetric unit of (C,;H(N,), ;HSO,SO,-H, ;O was formed by
two crystallographically different cations, two independent anions and one water
molecule. The main geometrical features of different entities are indicated in
Table 2.

A view of the structure projected along the b axis is reported in Figure 2. The
atomic arrangement of the structure of the DDPS was described by a three-
H(2ow)

H(1ow)

Figure 1. Ortep drawing of the asymmetric unit of DDPS.
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Table 2. Main interatomic distances (A) and bond angles () for (C,H,N,), ;HSO,

SO,H, 0.
S(1) o(1) 0(2) 0(3) 0®4)
o(1) 1.4449(4) 113.25(2) 112.45(2) 102.9(2)
0(2) 2.3827(4) 1.4082(4) 111.43(2) 109.92(2)
o®3) 2.3920(4) 2.3474(4) 1.4327(4) 106.29(2)
04) 2.3448(4) 2.4251(4) 2.3894(4) 1.5520(4)
0O(4)—H(04) = 0.70(17)
S(1)—O0(4)—H(04) = 126(10)
S(2) 0(5) 0o(6) 0o(7) 0o(8)
O(5) 1.4382(4) 108.69(2) 111.63(2) 110.19(2)
O(6) 2.3581(4) 1.4638(4) 109.86(2) 108.71(2)
O(7) 2.4108(4) 2.4062(4) 1.4761(4) 107.72(2)
O(8) 2.3746(4) 2.3738(4) 2.9233(4) 1.4573(4)
Cation A
C(1)—C(2) 1.496(5) C(2)—C(1)—C(2) 119.3(6)
C(2)—C@3) 1.388(7) C(3)—C(2)—C(1) 118.0(4)
C(2)—C(7) 1.384(7) C(4)—C(3)—C(2) 122.4(5)
C(3)—C(4)—C(5) 119.8(5)
C(4)—C(5) 1.374(6) C(7)—C(2)—C(3) 115.8(5)
C(7)—C(2)—C(1) 126.0(5)
C(5)—C(6) 1.362(6) C(6)—C(7)—C(2) 122.3(5)
C(6)—C(7) 1.358(7) C(7)—C(6)—C(5) 120.2(5)
C(6)—C(5)—C(4) 119.4(5)
N(1)—C(5) 1.435(6) C(6)—C(5)—N(1) 120.9(4)
C(4)—C(5)—N(1) 119.7(4)
Cation B
N(3)—C(18) 1.451(6) C(9)—C(8)—C(13) 120.5(4)
N(2)—C(8) 1.450(6) C(9)—C(8)—N(2) 119.6(4)
C(8)—C(9) 1.369(6) C(13)—C(8)—N(2) 119.9(4)

C(8)—C(13) 1.374(6)

C(9)—C(10) 1.360(7) C(10)—C(9)—C(8) 119.4(5)
C(10)—C(11) 1.387(6) C(9)—C(10)—C(11) 122.6(5)
C(11)—C(12) 1.395(6) C(10)—C(11)—C(12) 115.7(4)
C(11)—C(14) 1.480(7) C(10)—C(11)—(C14) 121.6(4)

C(12)—C(11)—(C14) 122.7(4)
C(12)—C(13) 1.357(7) C(13)—C(12)—C(11) 122.8(5)
C(14)—C(15) 1.510(6) C(12)—C(13)—C(8) 119.0(5)
C(14)—1C(14) 1.12(5) C(11)—C(14)—(C15) 117.7(4)
C(14)—2(Cl14) 0.80(5) C(11)—C(14)—1(C14) 111(2)
C(15)—C(14)—1(C14) 111(2)
C(15)—C(16) 1.395(6) C(11)—C(14)—2(C14) 115(4)
1.372(6) C(15)—C(14) —2C(14) 105(3)
1C(14)—C(14)—2C(14) 96(4)
C(15)—C(20) 1.379(6) C(16)—C(15)—C(20) 118.2(4)
C(16)—C(17) 1.402(6) C(16)—C(15)—C(14) 119.3(4)
C(17)—C(18) 1.349(6) C(20)—C(15)—C(14) 122.5(4)
C(18)—C(19)
C(15) —C(16)—C(17) 121.8(4)
C(18)—C(17) 1.402(6) C(16)—C(17)—C(18) 118.9(4)
C(18)—C(19) 1.349(6) C(19)—C(18)—C(17) 119.7(4)
C(19)—C(20) 1.382(6) C(19)—C(18)—N(3) 120.9(4)
C(17)—C(18)—N(3) 119.5(4)
C(18)—C(19)—C(20) 121.2(4)
C(19)—C(20)—C(15) 120.2(4)
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Figure 2. Projection along the b axis of the atomic arrangement in (C;HN,),;
HSO,S0,H, 0.

dimensional network of structural units formed by clusters [HS,O4]*" sulfate,
water molecules and organic cations. The mineral skeleton of this compound is
formed by basic [SO,]*” and acidic [HSO,]” groups which are interconnected via
O(4)—-H---O(8) hydrogen bond leading to the formation of isolated clusters in the
(a, b) plane. The same type of hydrogen bonds O—H-:--O links these mineral enti-
ties together, in pairs, via two water molecules which share a hydrogen atom lo-
cated on a G, axis, to form a finite chains parallel to caxis (Figure 3).

The short distance O(4)--O(8) = 2.5151(6) A, shows that this hydrogen bond
was considered strong. Distances and bond angles describing the anions [SO,]*
and [HSO,]™ are illustrated in Table 2. The lengths of S—O bonds in are close to
literature average [13] value of 1.4082(4) A.S—-O(H) bond in is longer (1.5520(4)
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Figure 3. Projection along the b axis of the inorganic arrangement.

A), which is typical value, however, one of the remaining S—O bonds (S1-04;
1,5520(4) A), is slightly shorter than the others S1-O2 and S1-03; this fact can
be explained by the location of a proton on oxygen O(4) of the anion , this cha-
racteristic is in line with those observed in the protonated oxoanions [14] [15]
[16]. The mean value of S—O distances and angles O-S-O are: 1.459(4) A,
109.37(20) and 1.458(4) A, 109.46(19) respectively for the tetrahedra S(1)O4 and
S(2)O4. These values are, also, in good agreement with those observed for simi-
lar anionic groups [17] [18]. The calculated average values of the distortion in-
dices [19], corresponding to the different angles and distances in both S(1)O4
and S(2)O4 tetrahedron [DI(OSO) = 0.0100 - 0.0316, DI(SO) = 0.0076 - 0.0291
and DI(OO) = 0.0602 - 0.0087] exhibit a pronounced distortion of the O-S—-O
angles compared to S—O and O---O distances. So, each sulfate group can be con-
sidered as a rigid regular arrangement of oxygen atoms, with a displacement of
the S atom from its centroid. The interaction of the sulfuric acid with the organic

molecule (C;H,,N,) leads to the protonation of the two nitrogen atoms of the
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4,4’ diaminodiphenylmethan and the formation of two cations (C,;H;(N,)** cris-
tallographically independent, respectively denoted: A{C(1) C(7)} and B{C(8)
C(20)}.

Main geometrical characteristics of these cations are summarized in Table 2.
With regards to the organic cations, the A cation has a local symmetry, in which
the C(1) atom is located on a C, axis. Each sulfate anion is linked to its organic
groups neighbors via N-H--O hydrogen bonds. Furthermore, the tetrahedron
HS(1)O, is involving in an only one O—H---O hydrogen bond with the water
molecule and in four N-H---O hydrogen bond with three organic cations neigh-
bors. The tetrahedron S(2)O, is engaged in six hydrogen bonds of the same type
from six organic cations. Thus, hydrogen bonding plays a significant role in
linking the organic molecules with the anionic sheets made by HSO, and SO,
moieties. This interaction contributes to the cohesion and the stability of the
structure. All the D (donor)-H--A (acceptor) hydrogen bonds are listed in Ta-
ble 3, with an upper limit of 2.458(7) A for H---A distance and a lower limit of
87(12) ° for the D—H--A bond angles. Consequently, this atomic arrangement
exhibits two types of intermolecular interactions: O—H---O and N-H---O, consi-
dered respectively as strong and weak hydrogen bonds. In this case, the titled
compound contains two hydrogen bonds of the first type and ten of the second
one. The N(1)-H(1)N(1)--O(7) interaction is considered as a strong hydrogen
bond [N(1)-H(1)N(1)--O(7) = 1.757(6) A] [20]. This latter provides the connec-
tion of the organic cations to the cluster [H,S,0,]*". All these interactions play a
fundamental role in the process of the creation and the stability of a three-dimen-
sional framework of (C,;H,(N,), :HSO,SO,H, ;O.

Table 3. Bond lengths (A) and angles (°) in the Hydrogen-bonding scheme' of (C,;H,,N,), 5
HSO,S0,H, 0.

N(0)—H H--O N(0)--0 N(0)—H--0
N(1)—H(1)N(1)--0(7)® 1.064 1.757(6) 2.814(5) 172(4)
N(1)—H(2)N(1)---O(5)® 1.044 2.458(7) 3.195(6) 139(4)
N(1)—H(3)N(1)--O(1)%0 0.694 2.148(4) 2.841(6) 175(4)
N(2)—H(1)N(2)--O(6)™ 0.922 1.884(5) 2.795(5) 169(4)
N(2)—H(2)N(2)--O(3)® 0.844 2.043(4) 2.882(6) 172(4)
N(2)—H(3)N(2)--0(5) 0.891 2.004(5) 2.857(6) 160(4)
N(3)—H(1)N(3)--0(1)" 1.044 1.986(6) 3.021(5) 170(4)
N(3)—H(1)N(3)--0(4)™ 1.045 2.4580(6) 3.1945(6) 127(4)
N(3)—H(2)N(3)--O(7)® 0.929 1.880(4) 2.796(6) 169(1)
N(3)—H(3)N(3)--0(6)™ 0.774 2.032(4) 2.787(6) 165(4)
OW—H20W--O(3)™¥ 1.045 2.008(4) 2.923(6) 144(6)
0O(4)—HO(4)--O(8)™ 0.705 2.4410(2) 2.5151(6) 87(12)

'Symmetrycode: i x — 1/2, =y + 3/2, 2 — 1/2; ii: =x + 3/2, y + 1/2, =z + 3/2; iil: x - 1/2, y + 3/2; ziv: —x + 3/2,
Y +3/2, -2+ 2v:x = 1/2,y +1/2,zvi: X, -y + 1,z — 1/2; vil: x - 1, y, z.

68

K2
e
o2

0% Scientific Research Publishing



T. B. Issa, L. Benhamada

3.2. IR Absorption Spectroscopy

Recently, several researches on the vibrational properties of organic sulfates
containing HSO, and SO, groups had been widely investigated [21] [22].

These studies have been focused, essentially, on the relationship between
symmetry considerations and normalmodes vibrations of these groups. The
common result is that these groups loose theirs free state symmetry (T, for SO,
and C,, for HSO,) to be C, under the effect of its incorporation in the complex
and its interaction with its crystalline environment. As a result, the vibrational
properties are affected by moving the degeneracy of some normal modes, split-
ting of some IR active modes and appearance of some IR inactive modes. Here,
we recall that the free ion SO,, in its ideal Td symmetry are v, = 981 cm™, v, =
451 cm™, v; = 1104 cm™ and v, = 614 cm™ [23]. In this work, an attempt to as-
sign frequencies to different stretching vibrations and deformation of the organ-
ic cation is performed based on previous work [24] [25]. A broad band extend-
ing from 3700 to 2500 cm™ is observed in the IR spectrum (Figure 4). This
broad band must be due to the symmetric and asymmetric stretching modes of
CH, NH,, NH,, OH, H,0O and NH; bending and rocking may occur in the ranges
1640 - 1520 and 933 - 722 cm™". The out-of-plane OH bending mode v (OH)
appears in infrared spectrum at the average 3744 to 3780 cm™". The shifting of
the stretching and bending vibrations of the NH, group from the free state value
confirms the formation of hydrogen bonds of varying strengths in the crystal.
Frequencies in the range 933 - 722 cm™ are attributed to p(CH), p(NH,),
p(NH,), {CH) and y(C=C). The frequency bands in the region 410 - 484 cm™
are attributed to the symmetric deformation vibration of 8s(SO,). The asymme-

tric deformation symmetry das(SO,) was observed in the area 602 - 671 cm™.

180 |-

160 |-
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140 |-

933

120

100

80

60

% Transmittance

40

20

0

-20
4000 3500 3000 2500 2000 1500 1000 500
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Figure 4. IR Spectrum of (C,;H,,N,), ;HSO,S0,-H, ;0.
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While that connected to the symmetry of valence SO, group is presented by the
band 992 cm™'. Bands observed in the 992 - 1186 cm™, on asymmetrical valence
vibration vs(SO,) das(SO,) region.

3.3. Thermal Analysis

The simultaneous TG-DTA analysis curves of (C;HN,), ;HSO,SO,H, ;O were
carried out in air at a heating rate of 5°C/min on a sample of 21.5 mg placed in a
platinum crucible and heated from ambient to 325°C. The result obtained dur-
ing the decomposition of the title compound is illustrated in Figure 5. This
study shows that this complex is thermally stable up to 185°C. The TGA curve
revealed the presence of two steps weight losses. The first decomposition, from
185°C to 205°C which is accompanied by one shoulder on the DTA curve at
197°C, corresponds to the loss of the water molecules (experimental weight loss:
3.72% and theoretical weight loss: 3.42%) and leading to anhydrous framework
of (C;;H4N,), s HSO,SO,. The second stage, starts at about 220°C and ends above
300°C, is assigned to the degradation of the organic entities (experimental loss:
65.46% and theoretical loss: 60.85%). This phenomenon is accompanied by one

endothermic peak observed on the DTA curve at about 238°C.

4. Conclusions

The crystals of the 4,4 *diamoniumdiphenylmethan sulfate hydrate, (C,;H(N,), 5
HSO,SO,H, ;O, have been synthesized by slow evaporation method at room tem-
perature. The X-ray diffraction helped us to determine the cell parameters and the
space group. The structural study showed that the anionic groups SO, and HSO,

are gathered by inter-anionic strong hydrogen bonds giving birth to clusters

0 T T T T T T T T T T T T 22

TG Exo 1

ATD 185

-10 F
197 —4 20

-15 |-

91 %

Heat Flow (micro volt)
o
1
®

-30 -

-35 238

-40 . 1 : ! : 1 . 1 . ! . 1
0 50 100 150 200 250 300

Temperature ("C)

Figure 5. TG-DTA thermograms of (C,;;H;(N,), ;HSO,SO,-H, ;0.
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[HS,0,]". It is also shown the scheme of hydrogen bonds connecting various
organic cations with the sulfates clusters to yield a three-dimensional network.

The detailed vibrational spectral analysis, supported by an analysis using
group theory, of the organic and the inorganic moieties was carried out leading
to the counting and the allocation of frequencies characteristic of the compound.

The TG-DTA data allowed us to verify that the title salt is thermally stable up
to 185°C. The stability of the compound below this temperature can be ex-
plained by the different strong bonds observed by the X-ray diffraction. The
thermal decomposition above 185°C takes place in two steps. The endothermic
peaks at 197°C and 238°C are due to the thermal decomposition with release of
the uncoordinated water and degradation of organic entities.

Moreover, a study of the electrical conductivity of the reported compound

could open to it opportunities on applied plan.
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Appendix A. Supplementary Data

The final atomic coordinate and thermal parameters are given in Table SI.

Those of hydrogen-atoms were also determined but are not given, in order to
shorten the table.

Table S1. The final atomic coordinates and equivalent temperature factors for

(C13H16N2)145HSO4SO4'H1.50-

Atom X(0) Y(o) Z(0) Ueq (A?)
S(1) 0.96253(6) 0.06080(11) 0.56840(4) 0.0344(4)
S(2) 0.84920(5) 0.52069(10) 1.00769(4) 0.0283(4)
0(1) 1.03122(15) -0.0216(3) 0.57994(12) 0.0434(9)
0(2) 0.90586(18) -0.0113(4) 0.53733(14) 0.0689(11)
0(3) 0.93390(17) 0.1135(3) 0.61125(12) 0.0524(9)
0(4) 0.9901(2) 0.1931(3) 0.54180(16) 0.0618(11)
0(5) 0.85254(17) 0.5729(3) 0.95896(11) 0.0488(9)
0(6) 0.77454(16) 0.5547(3) 1.02175(12) 0.0454(9)
0(@7) 0.86231(16) 0.3654(3) 1.01099(11) 0.0442(9)
0(8) 0.90720(17) 0.5895(3) 1.04201(12) 0.0556(10)
N(1) 0.5054(3) 1.1817(6) 0.56520(16) 0.0349(12)
N(2) 0.7194(3) 0.7146(5) 0.91374(16) 0.0340(10)
N(3) 0.6685(3) 0.6334(5) 0.55215(16) 0.0328(10)
c(1) 0.5000 0.9100(7) 0.75000 0.0437(18)
C2) 0.5022(2) 0.9906(4) 0.70337(16) 0.0317(11)
C(3) 0.5366(3) 0.9261(6) 0.66661(19) 0.0383(13)
C(4) 0.5383(2) 0.9876(5) 0.6223(2) 0.0336(12)
C(5) 0.5051(2) 1.1185(4) 0.61256(15) 0.0280(11)
C(6) 0.4700(3) 1.1843(6) 0.64757(18) 0.0406(13)
c(7) 0.4686(3) 1.1215(5) 0.6918(2) 0.0439(14)
C(8) 0.7374(2) 0.7624(4) 0.86656(15) 0.0310(11)
C(9) 0.8020(3) 0.7143(5) 0.84970(18) 0.0424(12)
C(10) 0.8195(3) 0.7618(5) 0.80590(18) 0.0435(13)
c(11) 0.7741(2) 0.8577(4) 0.77711(16) 0.0347(11)
C(12) 0.7085(3) 0.9018(5) 0.7957(2) 0.0470(14)
C(13) 0.6903(3) 0.8574(5) 0.83955(19) 0.0424(13)
C(14) 0.7949(3) 0.9094(7) 0.72988(18) 0.0466(14)
C(15) 0.7634(2) 0.8299(4) 0.68415(15) 0.0309(11)
C(16) 0.7894(3) 0.8622(5) 0.64072(17) 0.0365(11)
C(17) 0.7606(2) 0.7969(4) 0.59745(19) 0.0367(12)
C(18) 0.7017(2) 0.6976(4) 0.59778(15) 0.0288(11)
C(19) 0.6766(3) 0.6634(5) 0.64043(17) 0.0347(12)
C(20) 0.7059(2) 0.7285(4) 0.68375(17) 0.0351(11)
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