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The crystal structure of O-ethyl pivaloylcarbamothioate has been determined by single-
crystal X-ray diffraction. The compound crystallizes in the orthorhombic crystal system, the 
space group Pbca, with unit-cell dimensions a = 10.144(9) Å, b = 10.230(6) Å, c = 19.934(19) 
Å. The unit-cell volume is 2069(3) Å3 with Z = 8 at 298.15(2) K. A crystal specimen of size 
0.241 × 0.217 × 0.124 mm3 was used for data collection using CuKα radiation (λ = 1.54178 
Å). The measured reflections (25,062 in total) covered the index ranges −12 ≤ h ≤ 12, −12 ≤ 
k ≤ 13, and −25 ≤ l ≤ 25, of which 2246 were unique (Rint = 0.1349, Rsigma = 0.0658). The 
refinement converged with the final values R1 = 0.0942 [I > 2σ(I)] and wR2 = 0.2485 (all 
data), giving a calculated density of 1.216 g/cm3 and the absorption coefficient μ = 2.506 
mm-1. The crystal structure of the title compound is stabilized by a hierarchical 
supramolecular architecture involving both classical (N-H···O) and non-classical (C-H···O, C-
H···N, C-H···S) hydrogen bonds, giving rise to triangular, zigzag, and cyclic motifs as well as 
𝑅𝑅22(9) and 𝑅𝑅42(24) synthons. Hirshfeld surface and fingerprint analyses confirm that H···H 
contacts dominate the packing, whereas directional H···O and H···S interactions play a 
crucial role in lattice cohesion. Interaction energy calculations further reveal that 
electrostatic and dispersion forces are the main contributors to the stabilization of the three-
dimensional framework. 
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1. Introduction 
 

In organic chemistry, thiocarbamates (also known as 
thiourethanes) form a class of organosulfur compounds in 
which the sulfur atom substitutes for the oxygen atom of 
carbamates, as reflected by the ‘thio-’ prefix. These compounds 
exist in two isomeric forms: O-thiocarbamates and S-thiocarba-
mates. Thiocarbamates exhibit a wide spectrum of pharmaco-
logical and agrochemical activities [1]. Pharmacologically, they 
show antibacterial [2-5], antifungal [2-4,6], antiviral [2-4,7], 
and anesthetic [2-4,8] properties, with several marketed drugs, 
such as Tolnaftate (O-2-naphthyl N,N-dimethylthiocarbamate) 
(antifungal agent), Tolciclate (O-(o-chlorocinnamyl) N,N-
dimethylthiocarbamate) (antifungal agent), and Goitrin (5-
vinyl-2-oxazolidinethione) (thyroid hormone inhibitor) [9]. 
Beyond their pharmaceutical relevance, thiocarbamates are 
widely employed in agriculture as pesticides, with 
representative examples of pesticides including Thiobencarb 
(S-(4-chlorobenzyl)diethylcarbamothioate) (insecticide), 
Orbencarb (S-butyl N-butylcarbamothioate) (herbicide), and 
Molinate (S-ethyl hexahydro-1H-azepine-1-carbothioate) 
(herbicide) [2-4,8,10-12]. This versatility underscores their 

significance in both medicinal and agrochemical contexts. 
Owing to this remarkable biological potential, thiocarbamates 
have attracted considerable attention from academic and 
industrial researchers [13-19]. A notable but less explored 
subclass is the N-acyl-thiocarbamic-O-alkyl esters, which, 
despite their straightforward synthetic accessibility, have been 
largely overlooked as chelating ligands in coordination 
chemistry [20]. These types of compounds were first reported 
in 1874 and later identified in 1895 [21,22]. 

Structurally, the carbamothioate motif plays a central role, 
offering a versatile framework for the design of biologically 
active molecules [1]. N-alkoxy- or aroxy-sulfonylcarbamates 
and thiocarbamates can be obtained via the addition of alcohols 
or thiols to alkoxy- or aroxysulfonyl isocyanates [2]. N-acyl-
thiocarbamic-O-alkyl esters gained particular attention in the 
1960s in the context of heterocyclic chemistry [23-26]. More 
recently, they have been proposed as intermediates for the 
regioselective and chemoselective deoxygenation of primary 
and secondary aliphatic alcohols [27]. Numerous synthetic 
approaches have been described, among which isocyanide-
based methodologies are among the most widely documented 
[13,28-30]. 
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Table 1. Crystal data and structure refinement for the title compound. 
Parameters Value 
Empirical formula C8H15NO2S  
Formula weight 189.27  
Temperature (K) 298.15(2)  
Crystal system Orthorhombic  
Space group Pbca  
a (Å) 10.144(9)  
b (Å) 10.230(6)  
c (Å) 19.934(19)  
Volume (Å3) 2069(3)  
Z 8  
ρcalc (g/cm3) 1.216  
μ (mm-1) 2.506  
F(000) 816.0  
Crystal size (mm3) 0.241 × 0.217 × 0.124  
Radiation CuKα (λ = 1.54178 Å)  
2Θ range for data collection (°) 8.872 to 159.672  
Index ranges -12 ≤ h ≤ 12, -12 ≤ k ≤ 13, -25 ≤ l ≤ 25  
Reflections collected 25062  
Independent reflections 2246 [Rint = 0.1349, Rsigma = 0.0658]  
Data/restraints/parameters 2246/0/118  
Goodness-of-fit on F2 1.025  
Final R indexes [I≥2σ (I)] R1 = 0.0942, wR2 = 0.2259  
Final R indexes [all data] R1 = 0.1261, wR2 = 0.2485  
Largest diff. peak/hole (e Å-3) 0.28/-0.38  
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Scheme 1. Synthesis pathway of the title compound, O-ethyl pivaloylcarbamothioate. 

 
The primary aim of this work is to elucidate the single-

crystal structure of O-ethyl pivaloylcarbamothioate and to 
comprehensively analyze its supramolecular architecture. In 
particular, this study focuses on identifying the nature and 
significance of the intermolecular interactions that govern the 
crystal packing, using Hirshfeld surface analysis and two-
dimensional fingerprint plots. Furthermore, energy framework 
calculations were employed to provide a quantitative under-
standing of the interaction energies, thereby offering deeper 
insights into the stabilization forces and supramolecular 
organization present in the crystal lattice. 
 
2. Experimental 
 
2.1. Synthesis of O-ethyl pivaloylcarbamothioate 
 

Pivaloyl chloride (0.02 mol) was dissolved in dry acetone, 
followed by the slow addition of ammonium thiocyanate (0.02 
mol) in acetone under continuous stirring. The reaction mixture 
was stirred until the formation of ammonium chloride 
precipitate, which indicated the generation of pivaloyl isothio-
cyanate. Subsequently, ethanol dissolved in acetone (0.02 mol) 
was added dropwise to the in situ generated pivaloyl 
isothiocyanate, and the mixture was stirred for 12 h. The 
progress of the reaction was monitored by TLC using benzene: 
methanol (9:1, v:v) as the eluent. Upon completion, the reaction 
mixture was poured into 100 mL of cold water, resulting in the 
precipitation of O-ethyl pivaloylcarbamothioate [31]. The crude 
solid was collected by filtration. Purified colorless crystals were 
obtained by recrystallization from an acetone-water solvent 
mixture (Scheme 1). 
 
2.2. Crystal structure analysis 
 

Single-crystal X-ray diffraction data for the title compound 
were obtained using a Bruker APEX–II CCD diffractometer with 
CuKα radiation. The structure of the title compound was 
determined using Olex2 software [32] in combination with 
Superflip structure solution software [33-35], followed by 

refinement using ShelXL software [36] using full-matrix least-
squares techniques on F2. Anisotropic displacement parameters 
were implemented to refine all non-H atoms, while hydrogen 
atoms were refined using isotropic displacement parameters 
and constrained by difference maps. Furthermore, the 
calculation of specific molecular structure parameters involved 
the utilization of Platon software [37] and Mercury software 
[38]. The crystal data and structure refinement details are 
summarized in Table 1. 
 
2.3. Hirshfeld surface and 2D-fingerprint analyses 
 

The CrystalExplorer 17.5 package [39] was used to 
generate the Hirshfeld surface [40] and its corresponding two-
dimensional fingerprint plots [41]. By employing a three-
dimensional energy framework, this methodology allowed for 
evaluation, visualization, and analysis of intermolecular 
interaction energies, with a cluster radius of 3.8 Å being utilized 
to encompass the molecule of interest. 
 
3. Results and discussions 
 
3.1. Synthesis 
 

The synthesis of O-ethyl pivaloylcarbamothioate was 
achieved through a two-step reaction sequence involving the in 
situ generation of pivaloyl isothiocyanate, followed by 
nucleophilic addition of ethanol (Scheme 1). The initial reaction 
between pivaloyl chloride and ammonium thiocyanate in dry 
acetone proceeded smoothly, as indicated by the immediate 
formation of ammonium chloride precipitate. This observation 
is consistent with previous reports, confirming the efficient 
conversion of acyl chloride into the corresponding acyl 
isothiocyanate intermediate [31,42-47]. Subsequent dropwise 
addition of ethanol to the reaction mixture allowed for the 
nucleophilic attack on the electrophilic carbon of the 
isothiocyanate group, resulting in the formation of the desired 
O-ethyl pivaloylcarbamothioate. 
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Table 2. The bond lengths for the title compound. 
Atom Atom Length (Å)   Atom Atom Length (Å) 
C1 C3 1.520(6)   C3 C4 1.537(7) 
C1 N1 1.394(5)   C3 C5 1.530(7) 
C1 O1 1.208(5)   C3 C6 1.518(6) 
C2 N1 1.386(6)   C7 C8 1.487(8) 
C2 O2 1.314(6)   C7 O2 1.464(6) 
C2 S1 1.628(5)         
 
Table 3. The bond angles for the title compound. 
Atom Atom Atom Angle (°)   Atom Atom Atom Angle (°) 
N1 C1 C3 115.1(4)   C5 C3 C4 109.6(5) 
O1 C1 C3 123.3(4)   C6 C3 C1 109.5(4) 
O1 C1 N1 121.6(4)   C6 C3 C4 109.1(4) 
N1 C2 S1 120.3(4)   C6 C3 C5 109.5(4) 
O2 C2 N1 112.1(4)   O2 C7 C8 107.1(5) 
O2 C2 S1 127.6(4)   C2 N1 C1 130.1(4) 
C1 C3 C4 110.2(4)   C2 O2 C7 117.5(4) 
C1 C3 C5 108.9(4)           
 
Table 4. The torsion angles for the title compound. 
Atom Atom Atom Atom Angle (°)   Atom Atom Atom Atom Angle (°) 
C3 C1 N1 C2 -178.8(5)   O1 C1 C3 C5 -114.9(5) 
C8 C7 O2 C2 -176.1(5)   O1 C1 C3 C6 4.8(7) 
N1 C1 C3 C4 -55.9(6)   O1 C1 N1 C2 0.5(8) 
N1 C1 C3 C5 64.4(5)   O2 C2 N1 C1 17.1(7) 
N1 C1 C3 C6 -175.9(4)   S1 C2 N1 C1 -164.9(4) 
N1 C2 O2 C7 177.9(4)   S1 C2 O2 C7 0.1(7) 
O1 C1 C3 C4 124.8(5)             
 

 

 
(a) (b) 

 
Figure 1. (a) Molecular structure and (b) unit cell diagram of the title compound. 

 
The reaction required extended stirring (12 h) to ensure 

complete consumption of the intermediate, which was 
monitored by TLC using a benzene:methanol (9:1, v:v) solvent 
system. The precipitation of the product upon pouring the 
reaction mixture into cold water confirmed the formation of the 
carbamothioate derivative. The crude product was purified by 
recrystallization from an acetone-water solvent mixture, 
yielding an analytically pure O-ethyl pivaloylcarbamothioate 
suitable for single-crystal growth and subsequent structural 
characterization. 
 
3.2. Molecular structure and supramolecular assemblies 
 

The experimentally determined bond lengths, bond angles, 
and torsion angels for O-ethyl pivaloylcarbamothioate are listed 
in Tables 2-4. The intermolecular hydrogen bonding 
interactions for the title compound are summarized in Table 5. 
The molecular structure and unit cell diagram of the title 
compound are shown in Figure 1. The geometric parameters 
point to a molecule in which two distinct carbonyl/ 
thiocarbonyl-type centres (C1=O1 and C2=S1 environments) 
are conjugated with an amide nitrogen, giving rise to partial 

delocalization and marked planarity at the corresponding 
carbon centres. 

The C1–O1 bond length is 1.208(5) Å (Table 2), a value 
consistent with a typical C=O double bond in an acyl group and 
indicative of significant double-bond character [48,49]. The 
bond angles around C1 (N1–C1–C3 = 115.1(4)°, O1–C1–C3 = 
123.3(4)° and O1–C1–N1 = 121.6(4)°) sum to ≈360° and 
indicate a trigonal planar geometry at C1, as expected for an sp2-
hybridized carbonyl carbon. The relatively large O1–C1–N1 
angle (121.6°) and the N1–C1 bond length of 1.394(5) Å (Table 
2) together suggest partial C1–N1 double-bond character due 
to resonance donation of the N lone pair into the adjacent 
carbonyl, consistent with amide-like conjugation. 

The C2–S1 distance is 1.628(5) Å (Table 2). This short C–S 
separation is characteristic of a thiocarbonyl bond with 
considerable double-bond character (typical C=S distances fall 
near ~1.60–1.66 Å [48-51]), rather than a normal single C–S 
(≈1.75–1.82 Å [48]). The angles at C2 (N1–C2–S1 = 120.3(4)°, 
O2–C2–N1 = 112.1(4)° and O2–C2–S1 = 127.6(4)°) again 
indicate an essentially planar (trigonal) geometry, consistent 
with sp2 hybridization and conjugation of the C2 centre with 
adjacent heteroatoms.  
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Table 5. Intermolecular hydrogen bonding interactions for the title compound *. 
D-H···A d(D-H), Å d(H···A), Å d(D···A), Å ∠ D-H···A, ° 
N1–H1⋅⋅⋅O1 i 0.98(6) 2.13(6) 3.103(6) 169(6) 
C4–H4C⋅⋅⋅O1 i 0.96 2.55 3.448(7) 155 
* Symmetry code: i 3/2-x, 1/2+y, z. 

 

 
 

(a) (b) 

 
 

(c) (d) 
 
Figure 2. Intermolecular hydrogen bonding interactions in the crystal structure of the title compound: (a) C4-H4C···O1, C5-H5A···O1, and N1-H1···O1 hydrogen 
bonds; (b) C6-H6C···N1 interactions; (c) 𝑅𝑅22(9) synthon; and (d) 𝑅𝑅42(24) synthon. 

 
The comparatively large O2–C2–S1 angle (127.6°) further 

reflects the electronic distribution around the thiocarbonyl 
carbon, where the sulfur and oxygen substituents influence 
bond angles via their differing sizes and electron-donating/ 
withdrawing effects. 

The two N–C bond lengths (C1–N1 = 1.394(5) Å and C2–N1 
= 1.386(6) Å, Table 2), are very similar and shorter than a 
typical single C–N bond (~1.47 Å [48-51]) but longer than a 
formal C=N double bond, consistent with partial double-bond 
character resulting from conjugation of the nitrogen lone pair 
with both the carbonyl (C1=O1) and the thiocarbonyl (C2=S1) 
moieties. The wide C2–N1–C1 angle of 130.1(4)° (Table 3) 
supports this picture: enlargement of this angle is typical when 
the nitrogen is involved in conjugation with adjacent sp2 centres 
and adopts a planar disposition to maximize overlap with the 
neighbouring π systems. 

Bond lengths within the alkyl portion attached to C3 (C3–
C4 = 1.537(7) Å, C3–C5 = 1.530(7) Å, C3–C6 = 1.518(6) Å, Table 
2) fall within normal C–C single-bond ranges (~1.50–1.54 Å 
[48]) and indicate saturated (sp3) character for this part of the 
molecule. The C7–O2 length of 1.464(6) Å (Table 2) is typical 
for a C–O single bond to an alkyl/ether-type oxygen and slightly 
longer than purely sp2 C–O bonds, consistent with the O2 atom 
linking an alkyl group (C7) to the carbamothioate framework. 

The angles around C3 (C1–C3–C4 = 110.2(4)°, C1–C3–C5 = 
108.9(4)°, C5–C3–C4 = 109.6(5)° etc., Table 3) are close to the 
tetrahedral ideal (≈109.5°), consistent with sp3 hybridization at 
C3. Around the O2–C7–C8 fragment, O2–C7–C8 = 107.1(5)° is 
slightly compressed relative to the tetrahedral values, which 
can be rationalized by the electronegativity of O2 and the steric 
demands of the adjacent substituents. Similarly, the O2–C2–N1 
angle of 112.1(4)° versus the larger O2–C2–S1 angle (127.6°) 

reflects the differing steric and electronic requirements of 
oxygen and sulfur substituents at the thiocarbonyl carbon. 

Taken together, the bond distances and angles indicate two 
conjugated acyl/thiocarbonyl centres connected through a 
planar nitrogen atom, giving partial π-delocalization across the 
N–C(=O)/C(=S) framework. The presence of a relatively short 
C2–S2 separation (thiocarbonyl character) and shortened N–C 
bonds support strong resonance stabilization of the carbamo-
thioate moiety. 

The crystal structure of the title compound reveals a rich 
supramolecular architecture formed through multiple 
hydrogen bonding interactions with distinct geometrical motifs 
(Figure 2). The C4-H4···O1 (2.552 Å), C5-H5A···O1 (2.680 Å), 
and N1-H1···O1 (2.132 Å) contacts generate a triangular 
pyramidal motif. Within this arrangement, the conventional N1-
H1···O1 hydrogen bond is the shortest and strongest 
interaction, while the C-H···O contacts act as auxiliary linkers 
that complete the three-dimensional triangular pyramidal 
assembly (Figure 2a). A weaker C6-H6C···N1 interaction (3.182 
Å) gives rise to a zigzag motif. Although such C-H···N 
interactions are generally weaker than classical N-H···O bonds, 
they provide an important contribution to overall packing by 
propagating chain-like supramolecular patterns along the 
lattice (Figure 2b). The 𝑅𝑅22(9) synthon is generated through the 
combination of the strong N1-H1···O1 hydrogen bond (2.132 Å) 
and the weaker C6-H6C···S1 interaction (3.014 Å). The short 
and directional N-H···O contact serves as the main stabilizing 
force, while the longer C-H···S bond complements this 
interaction, allowing the formation of a cyclic hydrogen-bonded 
dimer (Figure 2c).  
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(a) 

 
(b)  

(c) 
 

Figure 3. Intermolecular interactions in the structure of the title compound as visualized by dnorm surface plots: (a) left-side view, (b) right-side view, and (c) 
detailed representation of hydrogen-bonding interactions with bond distances. 

 
A larger supramolecular motif, the 𝑅𝑅42(24) synthon, is 

established through C8-H8A···S2 (3.082 Å) and C6-H6C···S2 
(3.014 Å) interactions, involving four hydrogen bonds. This 
extended motif connects multiple molecules into a higher-order 
assembly, reinforcing the three-dimensional supra-molecular 
framework (Figure 2d). 

In general, the combination of classical (N-H···O) and non-
classical (C-H···O, C-H···N, and C-H···S) interactions generates a 
hierarchical supramolecular architecture in the title compound. 
The presence of both triangular and zigzag motifs, along with 
𝑅𝑅22(9) and 𝑅𝑅42(24) synthons, highlights the cooperative role of 
strong and weak hydrogen bonds in directing the crystal 
packing and stabilizing the lattice. 
 
3.3. Hirshfeld surface and two-dimensional fingerprint 
analyses 
 

The intermolecular interactions of the title compound were 
further elucidated through Hirshfeld surface (HS) and two-
dimensional fingerprint (2D-FP) analyses, performed with 
CrystalExplorer 17.5 [39,40,]. The dnorm surfaces mapped over 
the range of -0.1000 to 1.0000 a.u. provide a clear visualization 
of the regions where close contacts occur (Figure 3). These 
spots correspond to significant hydrogen-bonding interactions, 
which agree with the crystallographic findings. 

The red spots on the dnorm surface correspond to short and 
significant hydrogen-bonding interactions, particularly the N-
H···O and C-H···O contacts, which are consistent with the 
crystallographic data. The left- (Figure 3a) and right-side 
(Figure 3b) views highlight the distribution of these 
interactions around the molecular surface, while the detailed 
plot confirms the involvement of strong and weak hydrogen 
bonds with their corresponding bond distances. In particular, 
the dnorm surface visualization (Figure 3c) emphasizes the 
dominant N-H···O hydrogen bond (H···O distance = 2.106 Å), 
along with additional C-H···O interactions (2.575 and 2.441 Å). 
These short contacts are consistent with the X-ray diffraction 
results, where the supramolecular assembly was shown to be 
stabilized by a combination of strong N-H···O and weaker C-
H···O interactions. The correspondence between the HS red 
spots and the experimentally observed bond distances 
demonstrates the reliability of the Hirshfeld approach in 
confirming the packing forces that govern the crystal 
architecture. Both methods highlight that the N–H···O 
interaction is the most significant contributor to lattice 
cohesion, while C–H···O and C–H···S contacts act as secondary 
linkers, shaping the overall three-dimensional framework. 

To further explore the nature of these intermolecular 
contacts, a series of HS properties were examined (Figure 4). 
The di (0.8884-2.5162 Å) and de (0.8874-2.5354 Å) surfaces 
describe the internal and external distances from the Hirshfeld 
surface to the nearest nuclei, respectively, and help to 

distinguish the donor–acceptor interactions. The shape index (-
1.000-1.0000 Å) and curvedness (-4.0000-0.4000 Å) maps 
provide additional insight into the overall molecular packing, 
indicating π···π stacking features are absent, whereas C-
H···O/N/S hydrogen bonds dominate the packing arrangement. 
The fragment patch surface (0.0000-15.0000 Å) reveals the 
local environments and highlights the contribution of different 
interaction fragments around the central molecule. 

Figure 4 presents the two-dimensional (2D) fingerprint 
plots for the title compound, highlighting intermolecular 
interactions that contribute more than 2% to the total Hirshfeld 
surface. In these graphs, the hydrogen bond acceptor regions 
are represented by points with de > di, while the donor regions 
are identified by di > de [41,52,53]. The analysis indicates that 
H···H contacts are the most dominant, accounting for 58.90% of 
the Hirshfeld surface. These interactions appear as sharp spikes 
centered around de ≈ di ≈ 1.1 Å, reflecting the van der Waals 
contacts between hydrogen atoms, which play a major role in 
packing efficiency but do not involve directional bonding. The 
H···S/S···H contacts contribute 17.40% of the surface and 
display a characteristic wing-like pattern (de ≈ di ≈ 1.8 Å), 
indicative of weaker C–H···S hydrogen bonding interactions 
that act as secondary stabilizing forces within the crystal lattice. 
Similarly, H···O/O···H contacts account for 16.40% of the 
Hirshfeld surface and are represented by two sharp spikes (de ≈ 
di ≈ 1.2 Å), corresponding to the strong directional N–H···O and 
C–H···O hydrogen bonds observed in the XRD structure. Minor 
contributions arise from C···H/H···C (4.00%) and N···H/H···N 
(2.10%) interactions, reflecting less frequent but structurally 
relevant contacts that complement the primary hydrogen 
bonding network. 

Overall, the 2D fingerprint plots quantitatively confirm that 
the crystal packing is dominated by H···H van der Waals 
interactions (58.90%), while directional hydrogen bonds-
especially H···O (16.40%) and H···S (17.40%) play a key role in 
forming the supramolecular architecture. These results are 
consistent with the Hirshfeld surface and X-ray diffraction 
analyses, illustrating the cooperative contributions of strong 
and weak interactions in stabilizing the three-dimensional 
crystal structure. 
 
3.4. Interaction energies 
 

The intermolecular interactions in the crystal structure of 
the title compound were further investigated using 
CrystalExplorer 17.5, which calculates interaction energies 
based on electron density wavefunctions [39,54,55]. This 
approach allows the decomposition of the total interaction 
energy (Etot) into its components: electrostatic (Eele), 
polarization (Epol), dispersion (Edis), and repulsion (Erep) 
[45,56,57]. Scale factors of 1.057, 0.740, 0.871, and 0.618 were 
applied for kele, kpol, kdis, and krep, respectively. 
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H···S/S···H 17.40% 
(c)  

 
  

H···O/O···H 16.40% 
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N···H/H···N 2.10% 
(f)  

 

Figure 4. Visual representations of Hirshfeld surfaces: (a) dnorm, (b) di, (c) de, (d) shape index, (e) curvedness, and (f) fragment patch; 2D-fingerprint plots for the 
title compound. 

 
The calculations of the interaction energy based on the 

molecular pairs of the title compound are illustrated in Figure 
5. Table 6 summarizes the calculated interaction energies for 
selected molecular pairs. The molecule highlighted in green 
exhibits the strongest total interaction energy of -41.5 kJ/mol at 
a centroid distance of 5.42 Å, primarily due to significant 

electrostatic (-33.5 kJ/mol) and dispersion (-32.0 kJ/mol) 
contributions, despite the repulsive term (46.4 kJ/mol). In 
contrast, the molecule highlighted in purple, at a larger centroid 
distance of 7.92 Å, demonstrates the weakest total interaction 
energy of -2.6 kJ/mol, reflecting minimal noncovalent interac-
tions at longer intermolecular separations. 
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Table 6. The interaction energies of title compound have been calculated in kj/mol. 
Color i N ii Symop R iii Eele Epol Edis Erep Etot 

 2 x, y, z 10.14 0.5 -0.1 -4.2 0.4 -2.9 
 2 -x+1/2, y+1/2, z 9.79 -4.3 -0.7 -5.9 7.3 -5.7 
 1 -x, -y, -z 6.67 -5.7 -1.4 -24.1 11.9 -20.7 
 2 -x+1/2, y+1/2, z 5.42 -33.5 -9.3 -32.0 46.4 -41.5 
 2 x+1/2, -y+1/2, -z 7.31 -8.4 -2.0 -13.0 13.4 -13.3 
 2 x+1/2, y, -z+1/2 7.18 -0.7 -1.0 -22.1 10.4 -14.3 
 2 -x, y+1/2, -z+1/2 9.96 -1.1 -0.3 -8.1 3.7 -6.1 
 2 -x, y+1/2, -z+1/2 7.92 -0.3 -0.1 -2.7 0.1 -2.6 
 1 -x, -y, -z 9.21 3.5 -0.5 -3.4 4.1 2.9 

Total    -50.0 -15.4 -115.5 97.7 -104.2 
i The correlation between the molecule and color (Figure 5). 
ii Number of pairs interacting with the central molecule (N). 
iii The distance between centroids of molecules (R). 

 

 
 

Figure 5. Interaction energy calculations based on molecular pairs for the title compound. 
 

  
 

 

 

 

 

 

 

a-axis b-axis c-axis 
 

Figure 6. Coulomb energy (top), dispersion energy (middle), and total interaction energy (bottom) mapped along the crystallographic a-, b-, and c-axes for the 
molecules within the unit cell of the title compound. 

 
The electrostatic, polarization, dispersion, and repulsion 

energies were found to be -50.0, -15.4, -115.5 and 97.7 kJ/mol, 
respectively, resulting in a total interaction energy of -104.2 
kJ/mol (Table 6). These values indicate that the strong lattice 

stabilization arises predominantly from electrostatic and 
dispersion interactions, which act cooperatively to counter-
balance the repulsive contributions. 
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The Coulomb, dispersion, and total interaction energies of 
the molecules within the unit cell of the title compound were 
mapped along the crystallographic a-, b-, and c-axes to visualize 
the directional contributions of different intermolecular 
interactions (Figure 6). 
 
4. Conclusions 
 

The measured geometric parameters are fully consistent 
with a carbamothioate structure in which the nitrogen atom 
participates in conjugation with both a carbonyl and a 
thiocarbonyl centre, producing partial double-bond character 
in N–C bonds and planar geometries at C1 and C2. These 
stereoelectronic properties rationalize the observed molecular 
shape and provide a structural basis for supramolecular 
contacts and packing motifs that will be further investigated by 
Hirshfeld surface analysis and energy framework calculations. 

The crystal structure of the title compound exhibits a 
hierarchical supramolecular framework governed by both 
classical (N–H···O) and non-classical (C–H···O, C–H···N, and C–
H···S) hydrogen bonds. Triangular and zigzag motifs, together 
with the 𝑅𝑅22(9) and 𝑅𝑅42(24) synthons, demonstrate how strong 
directional and weaker auxiliary interactions act cooperatively 
to stabilize the three-dimensional packing. These findings 
highlight the interplay of multiple hydrogen-bonding patterns 
in directing the overall lattice architecture. 

The Hirshfeld surface and 2D fingerprint analyzes 
confirmed that the crystal packing of the title compound is 
primarily governed by H···H contacts, which contribute nearly 
59% of the total surface. Directional hydrogen bonds, especially 
N–H···O and C–H···O interactions, play a dominant role in lattice 
cohesion, while C–H···S contacts act as secondary stabilizing 
forces. The results are fully consistent with the X-ray diffraction 
data, highlighting the cooperative contributions of strong and 
weak intermolecular interactions in stabilizing the three-
dimensional supramolecular architecture. 

The interaction energy analysis revealed that the crystal 
packing of the title compound is mainly stabilized by 
cooperative electrostatic and dispersion forces, which counter-
balance repulsive contributions. The strongest molecular pair 
exhibited a stabilization energy of –41.5 kJ/mol, while weaker 
interactions were observed at longer distances. In general, 
electrostatic and dispersion interactions play the dominant role 
in the lattice stability of the title compound. 
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