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Figure 1. The molecular structure with the atomic numbering for the 
title compound.

Thiocarbamide group is a key element with common structure 
in a variety of natural and synthetic compounds with intere-
sting biological or chemical properties, and therefore has been 
known for its important medicinal,1-3 bioorganic,4 supramole-
cular chemistr5 applications. Most recently, thiocarbamide 
derivatives have been used for asymmetric synthesis6 and they 
play an important role as chiral catalysts for highly enantio-
selective michael reactions7 and a new type of herbicides for 
weed control.8 Sparked by above reasons, our group persists 
in synthesizing and making studies on thiocarbamide deriva-
tives.9-13 On the other hand, Schiff base ligand possess N-donor 
with favorable coordination ability and easily constructs hydro-
gen bonds in supramolecular chemistry.14 In addition, Schiff 
base complexes have been extensively studied in great detail 
as a result of their prospective applications in catalysis, 
magnetic properties, molecular architectures and materials 
chemistry by coordination chemists at all times.15-18 Herein, 
we report the experimental results about the title compound, 
1,5-bis[1-(4-nitrophenyl)ethylidene]thiocarbonohydrazide, 
which is a typical thiocarbamide derivative containing Schiff 
base groups. We also report the theoretical calculational results 
about the title compound. Since with the recent advances in 
compute hardware and software, it is possible to correctly 
describe physico-chemical properties of relatively small 
molecules accuracy19-22 using density functional theory 
(DFT).23-25 The comparisons between the experiments and the 
calculations about the title compound have also been revealed 
in the paper.

Crystal structure of the title compound crystallizes in tric-
linic system, space group P-1, with lattice parameters a = 
7.858(4) Å, b = 16.170(7) Å, c = 16.842(7) Å, α = 102.540(9)º, 
β = 100.005(8)º, γ = 101.432(8)º, V = 1994.3(16) Å3, Mr = 
836.87(C34H36 N12O10S2), Z = 2, Dc = 1.394 g/cm3, µ = 0.204 
mm‒1, F(000) = 872, GOF = 0.926, R1 = 0.1139, wR2 = 0.2387. 
A displacement ellipsoid plot with the atomic numbering 
scheme is shown in Figure 1.

The structure of the title compound contains two crystallo-
graphically independent water molecules and two 1,5-bis[1- 
(4-nitrophenyl)ethylidene] thiocarbonohydrazide molecules, 
hereafter named T1 [containing C(1) ~ C(6) phenyl ring] and 
T2 [containing C(18) ~ C(23) phenyl ring]. In T1 and T2, all 

of the bond lengths and bond angles are different. For example, 
S=C bond length of 1.682(12) Å in T1 is longer than that of 
1.658(11) Å in T2 and both of them are shorter than that found 
in the similar structure [1.704(3)].10 In T1 and T2, despite 
some differences, all of the bond lengths and bond angles in 
the phenyl rings are in the normal range. As for the N-C single 
bonds connected with the N-N bonds, in T1, the two bond 
lengths of N-C are 1.332(12) Å and 1.364(12) Å, respectively, 
while in T2, the two N-C bond lengths are 1.329(12) Å and 
1.345(11) Å, respectively. These four N-C bond lengths are 
corresponding to those found in a similar structure of 1,5-bis 
(9-anthracylidene)thiocarbonohydrazide,26 where the two N-C 
bond lengths are 1.332(2) and 1.355(3) Å, respectively. In 
view of the bond lengths of N-N and C=N in T1 and T2 (see 
supporting information S1), all of which are also in agreement 
with those in the above cited structure [N-N 1.380(2) and 
1.381(2) Å, C=N 1.250(3) and 1.266(2) Å].26 Four phenyl 
rings in T1 and T2 are almost planar each other. The dihedral 
angles between the two phenyl rings in T1 is 15.34(2)º and in 
T2 is 10.49(2)º. The dihedral angles between the phenyl ring 
of C(1) ~ C(6) in T1 and the two phenyl rings in T2 are 
16.65(2) and 6.42(2)º, respectively. The phenyl ring C(12) ~  
C(17) in T1 forms the dihedral angles with the two phenyl 
rings in T2 being 7.29 (2) and 9.21(2)º, respectively. 

In the crystal lattice, there are some intermolecular and 
intramolecular supramolecular interactions and the two water 
molecules take part in the formation of these supramolecuar 
interactions (see supporting information S2), which stabilize 
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Table 1. NPA atomic charge distributions for the non-hydrogen atoms

Atom Charges(e) Atom Charges(e) Atom Charges(e)

S(1) -0.14813 C(1) 0.05929 C(12) -0.06046
N(2) -0.29106 C(2) -0.20297 C(13) -0.19051
N(3) -0.41642 C(3) -0.21675 C(14) -0.20808
N(4) -0.41840 C(4) -0.05821 C(15) 0.05901
N(5) -0.23079 C(5) -0.20007 C(16) -0.20637
C(9) 0.21749 C(6) -0.20716 C(17) -0.22020
N(1) 0.51114 C(7) 0.23447 C(11) 0.23199
N(6) 0.51113 C(8) -0.75325 C(10) -0.75242
O(1) -0.38145 O(2) -0.38109 O(3) -0.38213
O(4) -0.38635

the crystal structure in the solid state. 
One molecular structure of the title compound was selected 

to be optimized at DFT-B3LYP/6-31G* level of theory. Com-
parisons between the theoretical values with the experimental 
ones indicate that most of the optimized bond lengths are 
slightly larger than the experimental values, as the theoretical 
calculations are performed for isolated a molecule in gaseous 
phase and the experimental results are for a molecule in a solid 
state. The geometry of the solid-state structure is subject to 
intermolecular forces, such as van der Waals interactions, 
crystal packing forces and hydrogen-bond forces. The biggest 
bond length differences between the experimental and the 
predicted values in T1 is 0.035 Å for N(4)-C(9) bond and in 
T2 is 0.057 Å for N(10)-C(26) bond. In view of the bond angle 
difference between experimental and theoretical values, the 
biggest difference in T1 is 4.7º for C(9)-N(3)-N(2) bond angle 
and in T2 is 3.6º for C(32)-C(33)-C(34) bond angle. The 
differences maybe since that, in the crystal structure, all the 
atoms of N(4), N(10), N(2), N(3) and C(33) take part in the 
formation of hydrogen bonds (see S2), while in theoretical 
calculations, there was none hydrogen bond considered. 
Despite of these differences, the optimized geometry can 
reproduce the crystal structure on the whole. 

Based on the optimized structure of the title compound at 
B3LYP/6-31G* level of theory, the NPA atomic charge distri-
butions for the non-hydrogen atoms were calculated and the 
results are listed in Table 1. The atomic numbering scheme is 
the same as that in T1 molecule. 

Seen from Table 1, on the one hand, for NPA atomic charge 
distributions of the non-hydrogen atoms, atomic electrone-
gativity plays important roles. Namely, between the two 
connecting atoms, the atom having bigger electronegativity 
will carry negative charges, while the atom having smaller 
electronegativity will carry positive charges. For example, 
when a carbon atom is connected with a nitrogen atom, the 
carbon atomic charges are positive values and the nitrogen 
atomic charges are negative values, since the nitrogen atom 
has bigger electronegativity than the carbon atom. However, 
when a nitrogen atom is joined with an oxygen atom, the 
nitrogen atom has positive charges and the oxygen atom has 
negative charges, since the oxygen atom has bigger electro-
negativity than the nitrogen atom. So, for the title compound, 
the atoms of C(7), C(9) and C(11) have positive atomic charges 
and N(2), N(3), N(4) and N(5) have negatively atomic charges. 

As regards two carbon atoms joined to two nitro-groups, 
atoms C(1) and C(15) carry positive charges, N(1) and N(6) 
also carry positive charges, while four oxygen atoms carry 
negative charges. C(8) and C(10) in methyl groups and other 
carbon atoms in two phenyl rings all carry negative charges, 
since the hydrogen atom has smaller electronegativity than 
the carbon atom. On the other hand, for the non-hydrogen 
atoms in Table 1, although atoms of N(3), N(4), C(8) and C(1) 
in two methyl groups and the some carbon atoms in two 
phenyl rings have bigger negative charge values, steric effect 
hinders them to coordinate with metallic ions further. For the 
atoms of S(1), N(2), N(5) and four oxygen atoms in two nitro- 
groups, they all carry negative atomic charges and there is 
none steric effect hindered them, which results in these atoms 
being able to coordinate with metallic ions further. Namely, 
the title compound is a good multidentate ligand and it has the 
potential to construct interesting complexes with various 
metallic ions, which supports one of our original ideas of the 
synthesis. 

Electronic absorption spectra were calculated by using 
TD-DFT method at B3LYP/6-31G* level based on the 
optimized geometry. The experimental electronic absorption 
spectra values and theoretical electronic absorption spectra 
information are both given in Table 2. Seen from Table 2, the 
experiment and theoretical calculations both obtain two 
absorption bands: one is narrow and another is broad. In 
experiments, the broad band is from 245 nm to 255 nm and the 
narrow peak at 349 nm, while contrary to the experiments, in 
calculations, the narrow peak is at 242 nm and the broad band 
is from 380 nm to 386 nm. In addition, compared with the 
experimental data, although the predicted narrow peak has 
some blue shifts and the predicted broad band has some red 
shifts, the intensity order of the two predicted bands are the 
same as the experiments. Namely, TD-DFT method at B3LYP/ 
6-31G* level can predict the electron transition spectra approxi-
mately. The detailed electronic transition modes corresponding 
to each absorption peak are also listed in Table 2. Based on the 
optimized structure, molecular orbital coefficients analyses 
indicate that the frontier molecular orbitals are mainly com-
posed of py and pz atomic orbitals and electronic absorption 
spectra aforementioned are mainly assigned to n-π* and π-π* 
electron transitions. Figure 2 shows some frontier molecular 
orbitals surfaces of the title compound. Seen from Figure 2, 
except the two methyl groups, the other groups, such as the 
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Table 2. Experimental and theoretical electronic absorption spectra values

Exp. Calc. at B3LYP/6-31G* level

Wavelength (nm) log ε Wavelength (nm) Oscillator strength Transition
245-255 3.34 242 0.1101 HOMO-2 → LUMO+4

349 3.48 380 0.2967 HOMO-2→LUMO
HOMO-1→LUMO+1
HOMO-1→LUMO
HOMO-2→LUMO+1

386 0.4794 HOMO-2 →LUMO
HOMO →LUMO+1

HOMO-2 HOMO-1 HOMO

LUMO LUMO+1 LUMO+4

Figure 2. Molecular obtials active in the electronic transitions of the 
title compound.

Table 3. Thermodynamic properties of the title compound at different
temperatures

T (K) C0
p,m

(J·mol-1·K-1)
S0

m

(J·mol-1·K-1)
H0

m

(kJ·mol-1)

200.0 305.42 647.23 36.80
298.1 421.09 790.90 72.50
300.0 423.20 793.51 73.28
400.0 529.63 930.22 121.06
500.0 617.83 1058.23 178.59
600.0 688.37 1177.35 244.03
700.0 744.74 1287.86 315.79
800.0 790.40 1390.38 392.63

S=C bond, two nitro-groups, two phenyl rings, two C=N 
bonds and two N-N bonds, all take part in the electronic 
transitions, which are corresponding to the intermolecular n-π* 
and π-π* electron transitions.

On the basis of statistical thermodynamic and vibrational 
analysis at B3LYP/6-31G* level, the standard thermodynamic 
functions: heat capacity (C0

p,m), entropy (S0
m) and enthalpy 

(H0
m) were obtained and listed in Table 3. The scale factor for 

the frequencies is 0.96. As observed from Table 3, all the 
values of C0

p,m, S0
m and H0

m increase with the increase of 
temperature from 200.0 to 800.0 K, which is attributed to the 
enhancement of the molecular vibration while the temperature 
increases.

The correlations linear equations between these thermody-
namic properties and temperatures T are as follows:

C0
p,m = 20.6011 + 1.5761 T – 7.694*10-4 T 2 (R2 = 0.9999)

S0
m = 330.1593 + 1.6749T – 4.3757*10-4 T 2(R2 = 0.999999)

H0
m = ‑20.8604 + 0.1976T + 4.017*10-4 T 2 (R2 = 0.9998)

These equations could be used for the further studies of the 
title compound. 

Experimental Section and Calculational Method

Synthesis. All chemicals were obtained from a commercial 
source and used without further purification. 

p-Nitroacetophenone (0.02 mol) and thiocarbonohydrazide 
(0.01 mol) were mixed in ethanol solution (50 mL) and stirred 
with refluxing. 4 h later, many light-yellow solids were observed 
and then, the reaction was stopped and the mixture was cooled 
to room temperature. The yellow solids were obtained by 
filtration and dried at room temperature. Yield 89%. mp. 
204-205 oC. IR: ν 3426 (m), 3109 (m), 2966 (m), 1579 (m), 
1516 (vs), 1340 (vs), 1276 (m), 1224 (s), 1109 (s), 1064 (m), 875 
(s), 789 (w), 753 (m), 692 (w), 609 (w), 543 (w) cm-1. Found: C, 
48.79; H, 4.34; N, 20.09%. Calc. for C34H36N12O10 S2: C, 48.66; 
H, 4.23; N, 20.18%. 1H NMR (400 MHz, CDCl3) δ 1.28 (s, 
6H, -CH3), 7.28 (s, 2H, -NH), 7.91-8.32 (m, 8H, -C6H4). 

For the compound, single crystals suitable for X-ray measure-
ments were obtained by recrystallization from acetic ether at 
room temperature.

Crystal structure determination. The diffraction data were 
collected on a Enraf-Nonius CAD-4 diffractometer with 
graphite-monchromated Mo-Kα radiation (λ = 0.71073 Å, T = 
295(2) K). The technique used was ω scan with limits 1.58 to 
25.00o. The structure of the title compound was solved by 
direct method and refined by least squares on F2 by using the 
SHELXTL27 software package. All non-hydrogen atoms were 
anisotropically refined. The approximate positions of the four 
water H atoms were firstly obtained from a difference map. 
Then, the four atoms were placed in ‘ideal’ positions. The 
other hydrogen atom positions were fixed geometrically at 
calculated distances and allowed to ride on the parent carbon 
and nitrogen atoms. The molecular graphics were plotted 
using SHELXTL. Atomic scattering factors and anomalous 
dispersion corrections were taken from International Tables 
for X-ray Crystallography.28 

Computational methods. The crystal structure of the title 
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compound was used as initial molecular geometry, then it was 
optimized by using MM+ molecular modeling and semi- 
empirical AM1 mehtod29 (HYPERCHEM 6.0, Hypercube, 
Ont., Canada). In the next step, B3LYP (Becke’s three para-
meter hybrid functional using the LYP correlation functional) 
calculations at basis set 6-31G* by the Berny method30 were 
performed with the Gaussian 03 software package.31 Vibra-
tional frequencies calculated ascertain the structure was stable 
(no imaginary frequencies). The thermodynamic properties of 
the title compound at different temperatures were calculated 
on the basis of vibrational analyses. Electronic absorption 
spectra were calculated by using time-dependent density 
functional theory (TDDFT)32-34 method at 6-31G* basis set. 
Natural Bond Orbital (NBO) analyses were performed on the 
optimized structures.35 All calculations were performed on a 
DELL PE 2850 server and a Pentium IV computer using the 
default convergence criteria.

Supplementary Data. Crystallographic data for the structure 
reported here have been deposited with Cambridge Crystallo-
graphic Data Center (Deposition No. CCDC- 719724). The 
data can be obtained free of charge via www.ccdc.cam.ac.uk/ 
conts/retrieving.html (or from the CCDC, 12 Union Road, 
Cambridge CB2 1EZ, UK; fax: +441223 336033; e-mail: 
deposit@ccdc.cam.ac.uk). Some selected geometric parameters 
for both experimental and calculational data can be obtained 
from the author directly. 
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