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Donor (i) Acceptor (j) E(2)

kcal/mol
E(j)–E(i)
a.u

F (i,j)
a.u

Inter molecular interactions in oxalate moiety

n 2 (O6)                σ* (C4–C7)               19.66 1.13 0.134

n3 (O6)                σ* (C4–O5)             204.91 0.46 0.275  

n2 (O8)                σ* (C7–O9)               70.94 0.66 0.193

n2 (O9)                σ* (C4–C7)               26.89 1.03 0.149

n2 (O9)              σ* (C7–O8)               50.39 1.01 0.203     

Intra molecular interactions between guanidinium and oxalate moieties

n 2 (O6)                σ* (H15–N19 )          60.52    1.18    0.241

n 1 (O6)                σ* (H15–N19 17.78    1.41    0.143

3.7	 Molecular Electrostatic Potential (MEP) analysis

In order to grasp the molecular interactions, the molecular electrostatic potential 
(MEP) is used. The electrostatic potential is considered predictive of chemical 
reactivity because regions of negative potential are expected to be sites of 
protonation and nucleophilic attack, while regions of positive potential may indicate 
electrophilic sites. Figure 6 shows the theoretical map of the electrostatic potential 
distribution in the plane of the base ring. B3LYP level of theory at 6-311++G is 
used to describe the theoretical electrostatic potential map. The extension of the 
positive electrostatic potential around the guanidinium and the regions of negative 
electrostatic potential around oxalate group show the nature of the intramolecular 
charge transfer. The electron density contour of GUOM is also shown in Figure 7.

Figure 6: MEP surfaces of GUOM.

Table 6: (continued)
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Figure 8: 1H NMR spectrum of GUOM along with theoretical spectrum.
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Here, M = -E*/R and B = ln AR/; E*Φ; E*, R, A and are the heat of activation, the 
universal gas constant, pre-exponential factor and heating rate, respectively.
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where q = T – TS, T is the temperature at the DTG peak. The correlation coefficient 
r is computed using the least squares method for Equations 14, 15, 16 and 17. 
Linear curves are drawn for different values of n ranging from 0 to 2. The value of 
n, which gave the best fit, is chosen as the order parameter for the decomposition 
stage of interest. The other kinetic parameters such as ΔH* and ΔS* are computed 
using the relations. 

ΔH* = E*-RT
ΔS* = R[ln(Ah/kT)-1]
ΔG* = ΔH*- TΔS* 

where k is the Boltzmann’s constant and h is the Planck’s constant. 

The kinetics parameters calculated using Coats–Redfern and Horowitz–Metzger 
methods are given in Table 9.27,28 The following remarks can be made from the 
results:

1.	 The entropy (ΔS*) of the degradation steps is negative indicating that 
the final state (i.e., the crystal) is more ordered than the reactants. This 
implies that the crystal is more stable than its reactants.28 

2. 	 The values of the activation energy E* increases significantly with 
TΔS*, which supersede the values of ΔH*. Increasing values of ΔG* 
for the decomposition step infer that the rate of removal of a liberating 
group will be lower than that of the precedent group. This may be 
attributed to the structural rigidity of the remaining portion of the 
crystal after the expulsion of one and more groups. The remaining 
groups require more TΔS* energy for its rearrangement before 
undergoing any compositional change.
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3. 	 There is a conspicuous gap in the values of the activation energy 
(E*) and the enthalpy of activation (ΔH*) of volatilisation of the 
decomposition stage. This may be attributed to the dense packing of 
GUOM. However, the ΔH* is compensated by the entropy, leading to 
positive value for the ΔG*. The positive ΔG, values denotes the non-
spontaneous nature of decomposition.

Table 9: Kinetic parameters for GUOM by different TG methods.

Parameter Coats-Redfern Horowitz-Metzger

E 3.52 × 104 3.64 × 104

A 4.68 × 101 4.46 × 101

ΔS –1.46 × 102 –1.53 × 102

ΔH 4.27 × 104 4.35 × 104

ΔG 2.23 × 105 2.35 × 105

6.	 ANTIMICROBIAL ACTIVITY ANALYSIS 

The test organisms used in the study are E. coli, Proteus, Staphylococcus, 
Klebsiella, Pseudomonas and Streptococcus species. The cultures are maintained 
at 4°C on Nutrient agar (HiMedia) slants. The antibacterial analysis is performed 
by agar well diffusion method. 20 ml of sterile Muller Hinton agar (Hi Media) is 
poured in sterile Petri dishes, which are allowed to solidify and are used for the test. 
10 ml of sterile, Muller Hinton agar medium (seed agar) is seeded with organism 
(about 0.2 ml according to 0.5 McFarland’s standard), in semi hot conditions and 
is poured uniformly on the base agar. 8 mm bores are made, each equidistant from 
one another on the medium using sterile borer and 100 µl of the different sample 
preparation are added to respective bore. The plates are incubated at 37°C for 24 h 
and zone of inhibition is measured. A reference standard of streptomycin (100 µg/
ml) is also used to compare with the results obtained for the present sample under 
study. For each test, three replicates are performed. The antimicrobial activity of 
the given sample against the above micro-organisms has been recorded as per the 
zone of inhibition formation.

The result indicate that guanidinium carbonate and GUOM are more effective 
for Klebsiella pneumoniae when compared with other organisms such as 
Staphylococcus, E.coli, Streptococcus, Staphylococcus and Pseudomonas. The 
antimicrobial observations are summarised in Table 10. Figure 12 shows the 
antimicrobial activity of GUOM against microorganisms as per zone of inhibition 
formation.
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Table 10:	Antibacterial activity of different chemical compound preparation against 
pathogenic bacterial strains.

Name of bacteria
Mean zone of inhibition in diameter (cm)

GC GUOM STD

E. coli 2.2 1.6 2.1

Pseudomonas aeruginosa – – 1.6

Staphylococcus aureus – – 1.7

Klebsiella pneumoniae 3.7 2.2 2.4

Proteus vulgaris – – 1.9

Streptococcus pneumoniae 3.1 1.7 2.0

Figure 12:	 The antimicrobial activity of GUOM against microorganisms as per the zone 
of inhibition formation.

7.	 CONCLUSION

Employing solution method, the crystals of GUOM is grown. The crystal structure 
of GUOM is monoclinic as determined by single crystal X-ray diffraction analysis. 
The theoretically predicted geometric parameters are in agreement with the 
experimental crystal structural data. A small value of HOMO-LUMO energy gap 
serves as evidence for intramolecular charge transfer. The first hyperpolarisability 
(β) of the GUOM molecule has been numerically calculated and compared with the 
earlier measurements in other organic systems. The FTIR spectrum of GUOM has 
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also been recorded and compared with the theoretical data. The TG/DTA results 
reveal the thermal stability. The antimicrobial activity shows that GUOM is more 
effective for Klebsiella pneumoniae.
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