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A detailed analysis of the intermolecular interactions of the crystalline structure of thiourea 

derivatives namely 1-(3-Methylbenzoyl)-3-(6-methyl-2-pyridyl)-thiourea, N-(2-Furoyl)-N’-(6-

methyl-2-pyridyl)thiourea, 2-Methyl-N-[(3-methyl-2-pyridyl)-carbamothioyl]benzamide and 1-(4-

Chlorobenzoyl)-3-(3-methylpyridin-2-yl)thiourea have been performed based on the Hirshfeld 

surfaces and their associated two-dimensional fingerprint plots. The result showed that the 

structures were stabilized by H···H, H···S, O···H, N···H, C–H···π, and π···π intermolecular 

interactions, which contribute mostly to the packing of the species in the crystal. The three largest 

contributions to the packing of the molecules in the crystals were provided by H···H, C–H···S and 

C··· H intermolecular interactions. 
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I. INTRODUCTION 
 

Thiourea derivatives become a promising compound in 

material chemistry because they can form intra- and 

intermolecular hydrogen bonds. The combination of intra- 

and intermolecular hydrogen bonding strongly affects the 

chemical properties of these compounds (Custelcean, 2008; 

Obrzud et al. 2014; Solmaz et al. 2018; Saeed & Flörke 2007; 

Saeed. 2010). There are two conformational balances around 

the –C(C=O)–N–(C=S)N– moiety core of thiourea derivative 

compounds have been experimentally produced, which are 

trans-cis and cis-trans stabilized by intramolecular hydrogen 

bond of N–H···O and N–H···N respectively (Saeed et al. 2014; 

Woldu & Dillen, 2008). In crystal packing, the majority of 

thiourea compounds displayed a characteristic 

intermolecular pattern forming dimers via N–H···S hydrogen 

bonding (Gomes et al. 2010). Some of the thiourea 

compounds the N–H group forming both an intramolecular 

and intermolecular N–H···O hydrogen bonds (Gunasekaran 

et al. 2010). 

Hirshfeld surface analysis is the powerful tool to 

investigate and understand the characteristic of 

intermolecular contact relative to van der Waals radii within 

a crystal structure or as a surface around the molecule. This 

can be done by analysing 3D dnorm and 2D fingerprint plot 

(McKinnon et al. 2007; McKinnon et al. 2004). Recently, 

this system has been applied to investigate structure-

directing interactions (Martin et al. 2015), intermolecular 

interactions in crystalline (Saeed et al. 2015; Martins et al. 

2017; Sivajeyanthi et al. 2017; Lai et al. 2018; Boukhssas et 

al. 2018; Rajasekar et al. 2015) and supramolecular self-

assembly (Saeed et al. 2016; Gumus et al. 2018; Seth et al. 

2011). 

Inspired by the relationship of the promising application 

of thiourea compound, availability of Crystallographic 

Information File (CIF) and a powerful tool, we decided to 

analyse our previously synthesized and reported compounds 

namely 1-(3-Methylbenzoyl)-3-(6-methyl-2-pyridyl)-

thiourea (Yusof et al. 2006), N-(2-Furoyl)-N’-(6-methyl-2-

pyridyl)thiourea (Hassan et al. 2007), 2-Methyl-N-[(3-

methyl-2-pyridyl)-carbamothioyl]benzamide (Yamin et al. 
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2008) and 1-(4-Chlorobenzoyl)-3-(3-methylpyridin-2-

yl)thiourea (Yusof et al. 2011), designated as C1, C2, C3 and 

C4 respectively. This study aims to analyse the similarity and 

dissimilarity of intermolecular interaction in crystal packing. 

 

II. COMPUTATIONAL METHOD 
 

Crystal Explorer 17.5 (Turner et al. 2017) program is used to 

calculate Hirshfeld surface and the associated fingerprint 

plots by feeding it with the CIF file format as a structure input. 

A Hirshfeld surface is the outer contour of the space which a 

molecule or an atom consumes in a crystalline environment.  

Hirshfeld surfaces were mapped with dnorm property where it 

is a normalized contact distance, based on both de and di 

(distance from the point to the nearest nucleus external and 

internal to the surface respectively) and the van der Waals 

radii of the atom internal (𝑟𝑖
𝑣𝑑𝑤) and external (𝑟𝑒

𝑣𝑑𝑤), provide 

a 3D picture of intermolecular close contacts in a crystal. The 

dnorm is calculated equation (1), enables identification of the 

regions of particular importance to intermolecular 

interactions (Seth et al. 2011): 

 

𝑑𝑛𝑜𝑟𝑚 =
(𝑑𝑖−𝑟𝑖

𝑣𝑑𝑤)

𝑟𝑖
𝑣𝑑𝑤 +

(𝑑𝑒−𝑟𝑒
𝑣𝑑𝑤)

𝑟𝑒
𝑣𝑑𝑤   (1) 

 

The value of the dnorm is negative or positive when 

intermolecular contacts are, respectively, shorter or longer 

than vdW separations. Because of the symmetry between de 

and di in the expression for dnorm, where two Hirshfeld 

surfaces touch, both will display a red spot identical in colour 

intensity as well as size and shape. The dnorm values are 

mapped onto the Hirshfeld surface using a red–blue-white 

colour scheme: red regions correspond to closer contacts and 

negative dnorm value, the blue regions correspond to longer 

contacts and positive dnorm value and the white regions are 

those where the distance of contacts is exactly the vdW 

separation and with a dnorm value of zero. The combination of 

de and di in the form of a 2D fingerprint plot are used for 

decoding and quantifying intermolecular interactions in the 

crystal lattice (McKinnon et al. 2007; Spackman & 

Jayatilaka, 2009). 

 

III. RESULT AND DISCUSSION 
 

The molecules of C1 are zig-zagging with eclipse between 

pyridyl and methyl benzyl groups between layer along the ‘b’ 

axis. Therefore, the π-π base interaction plays a critical role 

in the solid-state of the structure, indicated by the blue-

whitish colour. The N—H⋯S hydrogen bond and C—H⋯O 

contact self-assembly with the bond length of 2.452Å and 

2.349 Å covered 14.5% and 10.2% (Table 1) respectively, 

indicated by the red spot on the dnorm plot (Figure 1b). This 

two self-assembly are shown in the fingerprint plot (Figure 1c) 

where the pairwise spike of C—H⋯O and N—H⋯S, with de + 

di sum of 2.6 Å and 3.2 Å label (a) and (b) respectively. The 

N—H⋯S/S⋯H—N intermolecular hydrogen bond originated 

from two molecules A - B within the layer but O⋯H—C and 

C—H⋯O intermolecular close contact occur between the 

layer of molecules A-C and A-D respectively. 

Molecular stacking of C2 is in an eclipsed manner along the 

‘a’ axis (Figure 2a). The dnorm plot (Figure 2b) shows 

reciprocal N—H⋯S hydrogen bond contact self-assembly of 

molecule A--B, with the bond length of 2.419Å indicated by 

the red spot. Furthermore, it is observed that the oxygen atom 

of the furoyl ring, oxygen atom of the carbonyl and nitrogen 

atom of the pyridyl ring are not involved in any close 

intermolecular contact, resulting in white-to-blue gradient 

colour. They involve in C—H⋯O and C—H⋯N contacts 

intermolecular van der Waals interaction between layers. In 

addition, methyl substituent form that C—H⋯π interaction 

with thiourea moiety conjugated system. The fingerprint plot 

(Figure 2c) only has three spikes where they belong to H⋯H 

contact with de + di sum of 2.4 Å labelled (a) covered 36.5 %, 

and a pair of N--H⋯S (b) contact (de + di = 3.0 Å) covered 

17.9 % of the Hirshfeld surface. Both wings contributed to 

C⋯H/H⋯C contact. The O⋯H contacts (c) with less sharp 

spikes centred on (de + di) of 2.8 Å, attributed to C—H⋯O face 

to face contact contribute about 12.4 % of Hirshfeld surface. 

Another face to face interaction includes C—H⋯N van der 

Waals and C⋯C contact for π-π interaction leading to π 

stacking arrangement of the crystal is in the centre of the 

fingerprint plot.  
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(a) 

 

 

(b) 

 

 

(c) 

Figure 1. (a) Packing diagram, (b) dnorm surfaces and (c) 

Fingerprint plot of C1 

 

 

Table 1. Percentage of various intermolecular contacts 

contributed to the Hirshfeld surface  

Interaction 
Percentage of Hirshfeld, dnorm plot (%) 

C1 C2 C3 C4 

S⋯H 14.5 17.9 13.3 12.9 

O⋯H 10.2 12.4 6.4 5.4 

N⋯H 6.2 4.6 8.5 8.9 

H⋯H 44.8 36.5 46.0 30.7 

C⋯H 12.5 12.7 18.8 18.5 

C⋯C 10.1 7.0 3.7 3.4 

Cl⋯H    12.7 

C⋯O    2.4 

 

C3, the molecules pack in a herringbone arrangement along 

the ‘c’ axis, stack in an eclipsed manner along the ‘b’ axis and 

zigzag chain is visible when viewed from the ‘a’ axis (Figure 

3a).  Methyl substituent on both pyridyl and phenyl ring give 

massive repulsion to sulphur and oxygen respectively, 

causing both rings largely twisted relative to the thiourea 

moiety. There is two major interaction that causes self-

assembly for this compound. One is the N--H···O/O···H—N 

hydrogen bond for self-assembly of molecule A and C, and 

two is the N—H···C/C···H—N hydrogen bond contact form a 

reciprocal arrangement of molecule A and B, with the bond 

length of 2.183 Å and 2.513 Å respectively. Another close 

contact is the interaction in which C—H···S hydrogen bond 

diagonally interact between molecule A and D.  

 

 

(a) 
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(b) 

 

 

Figure 2. (a) Packing diagram, (b) dnorm surfaces and (c) 

Fingerprint plot of C2 

 

On the other hand, there was increment between the 

interaction of   C···H (18.8%) and N···H (8.5 %). Besides, the 

H···H spike is observed, but it is not as sharp as C1 and C2. All 

of these contacts were indicated by a deep red spot on the 

dnorm plot of Hirshfeld surface (Figure 3b). 2D fingerprint plot 

(Figure 3c) provides crucial insight of interaction differences 

between cis-trans and trans-cis conformation. Although it is 

dominated by H···H contacts (a) same as C1 and C2, C···C and 

O···H contact are significantly reduced to 3.7% and 6.4% 

respectively. Sharp spike for O···H interaction (c) with the 

sum value of de + di is 2.6 Å is the closest contact for this 

compound. S···H spike (b) is lost because of overlapping of 

N···H and C···H (d) in fingerprint plot. 

 

(a) 

 

(b) 

 

 

(c) 

Figure 3. (a) Packing diagram, (b) dnorm surfaces and (c) 

Fingerprint plot of C3 

 

Molecules are stacked in an eclipsed manner down the ‘b’ 

axis in C4 (Figure 4a).  The twisted pyridyl ring caused by 

repulsion between methyl substituent and sulphur atom 

forbid it to form hydrogen bond instead allows nitrogen atom 



ASM Science Journal, Volume 15, 2021 ` 
 

5 

of pyridyl ring form C—H···N hydrogen-bonded between 

molecule A and B about 2.466Å. The halogen atom (Cl) 

produces contact between molecule A and C through Cl···H--

N dipole interaction about 2.713 Å. Two adjacent red spots 

between molecule A and D in C4 are the contact of O···C for 

typical centrosymmetric loops. All are indicated by the red 

spot on dnorm plot (Figure 4b). White areas observed are side 

to side intermolecular contact in crystal packing. Fingerprint 

plot of C4 (Figure 4c) shows that H···H (a) and N···H (b) 

contacts have the same de + di value of 2.4Å and covered 30.7% 

and 5.4%. of Hirsfeld plot respectively and it is the lowest 

compare to C1, C2 and C3. The third spike is the Cl···H contact 

(e). The two wings of the plot are the interaction of S···H and 

C···H contact overlapping each other (b), and O···H contact is 

concentrated in the middle of the plot (c). 

 

(a) 

 

(b) 

 

(c) 

Figure 4. (a) Packing diagram, (b) dnorm surfaces and (c) 

Fingerprint plot of C4 

 

IV. CONCLUSION 
 

The solid structures of Compound C1-C4 are stabilized π···π 

stacking interactions and H···H the contact is the main 

contribution of intermolecular interaction. Heterocyclic 

aromatic atom contributes to non-conventional C−H···O and 

C−H···N hydrogen bond, and substituent group plays a major 

contribution to C−H···π intermolecular interaction and extra 

dipole interaction C−H···Cl. The type of intermolecular 

interaction depends on the constituent of the structure. The 

position and the orientation of the intermolecular interaction 

depend on the conformation and orientation of the molecule 

in the crystalline structure. Generally, the molecule that has 

the same constituent, but different position substituent group 

should have the same type of interaction but in different 

location and orientation. 
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