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IR AND 13C-NMR SPECTRAL PROPERTIES OF THE LAYERED  
INCLUSION COMPOUND BIS(THIOUREA)HEXAMETHYLENETETRAMINE. 
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Fig. 1: ORTEP diagram of (2Thiourea)(HMTA). Thiourea and 
Hexamethylenetetramine are regularly associated. Each 
hexamethylenetetramine is tethered to two different thiourea 
molecule through H-bonds (Nhost(3a)-Nguest(1a)=3.73 Å) 
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Space group C2/c 



Lattice parameters a = 18.424(4) Å, b = 8.39(2) Å, 
  C = 9.485(11) Å; α = β = 90°, 
  γ = 109.85 (3)° 
No of unique reflexions with I > 
4σ (Ι) 

548 

R 0.0514 

 

Atom x y Z U11/ Å2  
U23/ Å2 

U22/ Å2  
U13/ Å2 

U33/ Å2  
U12/ Å2 

 
S 0.345(1) 0.2528(1) 0.2028(1) 0.035(1) 0.043(1) 0.049(1) 

    0.007(1) 0.012(1) - 0.002(1) 

N(1) 0.4513(1) 0.1592(1) 0.6238(1) 0.023(1)  
0.002(1) 

0.045(1)  
0.008(1) 

0.040(1)  
0.001(1) 

N(2) 0.5517(1) 0.3662(1) 0.6954(1) 0.027(1)  
0.000(1) 

0.041(1)  
0.022(1) 

0.057(1)  
- 0.002(1) 

N(3) 0.3097(1) 0.0390(1) 0.3731(1) 0.054(1)  
0.004(1) 

0..051(1)  
0.017(1) 

0.044(1)  
- 0.013(1) 

N(4) 0.2169(1) 0.0838(1) 0.1453(1) 0.048(1)  
- 0.001(1) 

0.066(1)  
0.014(1) 

0.045(1)  
- 0.020(1) 

C(1) 0.5000 0.0601(1) 0.7500 0.043(1)  
0.000(1) 

0.034(1)  
0.008(1) 

0.043(1)  
0.000(1) 

C(2) 0.4030(1) 0.2623(1) 0.6811(1) 0.020(1)  
0.011(1) 

0.049(1)  
0.011(1) 

0.053(1)  
0.004(1) 

C(3) 0.5034(1) 0.2622(1) 0.5747(1) 0.041(1)  
0.003(1) 

0.052(1)  
0.018(1) 

0.043(1)  
- 0.002(1) 

C(4) 0.5000 0.4630(1) 0.7500 0.043(1)  
0.000(1) 

0.037(1)  
0.035(1) 

0.077(1)  
0.000(1) 

C(5) 0.2859(1) 0.1168(1) 0.2428(1) 0.044(1)  
- 0.007(1) 

0.036(1)  
0.018(1) 

0.039(1)  
- 0.001(1) 

 

 
Bond lengths (Å) 

   

S¾ C(5) 1.708(1) N(3)¾ C(5) 1.334(1) 

N(4) ¾ C(5) 1.323(1) N(1) ¾ C(2) 1.471(1) 

N(1) ¾ C(3) 1.479(1) N(1) ¾ C(1) 1.483(1) 

N(29¾ C(3) 1.474(1) N(2) ¾ C(4) 1.474(1) 

N(2) ¾ C(2A) 1.471(1) C(2) ¾ N(2a) 1.471(1) 

C(4) ¾ N(2A) 1.474(1) C(1) ¾ N(1A) 1.483(1) 

 



Bond angles (°)    
C(2)¾ N(1)¾ C(3) 108.1(1) C(2)¾ N(1) ¾ C(1) 107.9(1) 

C(3)¾ N(1)¾ C(1) 107.6(1) C(3)¾ N(2)¾ C(4) 107.9(1) 

C(3)¾ N(1)¾ C(1) 107.3(1) C(4)¾ N(2)¾ C(2A) 107.8(1) 

S¾ C(5)¾ C(3) 119.9(1) S¾ C(5)¾ N(2A) 121.3(1) 

N(3)¾ C(5)¾ N(4) 118.8(1) N(1)¾ C(2)¾ C(2A) 113.1(1) 

N(1)¾ C(3)¾ N(2) 112.8(1) N(2)¾ C(4)¾ N(2A) 113.1(1) 

N(1)¾ C(1)¾ N(1A) 111.8(1)   
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Fig. 2: Schematic representation of the dimeric 
basic unit in the matrix structure for the 
inclusionCompound (2 Thiourea)(HMTA). 
Hydrogen bond (N× × × S) distances: 3.45 Å. 
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Fig. 3: Two structural representation of the 
layers in the thiourea matrix for the compound (2 
Thiourea)(HMTA). In (b) the dimeric basic units 
are represented by filled hexagons 
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Fig. 4: Scheme of the location and bonding of 
the hexamethylenetetramine molecules to two 
adjacentthiourea layers. 
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Fig. 5: The supramolecular structure of 
(2 Thiourea)(HMTA) illustrating the 
layered arrangement of thiourea 
molecule in which the 
hexamethylenetetramine molecules are 
intercalated. (a) View of the layers 
directional plane. (b) A view 
perpendicular to the layer, where 
hexamethylenetetramine are 
represented by filled polyhedra. 
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Thiourea Compound ν (C-N) ν (N-H) ν (C-S) 

 
Orthorhombic Thiourea 1465 3165 725 

(6 Thiourea)(Dicyclohexylamine) 1490 3165 720 

(3 Thiourea)(Quinuclidine) 1470 3165 720 

(2 Thiourea)(Hexamethylenetetramine) 1480 3165 730 
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Medium 13C-NMR Chemical Shifts (ppm) 

 

Thiourea 73.96  
75.78* 

CDCl3
a 74.89 

CDCl3
b 74.91 

CCl4 75.78 

 
a 1% p/v  
b Saturated solution  
*Doublet with intensity 2:1 
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Fig. 6: HMTA 13C-NMR spectrum 
zone of (2 Thiourea)(HMTA) and its 
deconvolution, considering the host-
guest and dipolar nuclear magnetic 
interactions. 
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