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Abstract 
Many of the technology and computational chemistry applications are used 
to study drugs and their biological effects. Flutab® drug contains Paracetamol, 
Diphenhydramine and Pseudoephedrine. Ab-initio calculations were per-
formed at DFT/B3LYP and HF methods with three basis sets, namely, 
STO-3G, 3-21G, and 6-31G(d) in order to calculate the dipole moments of 
the three constituents of Flutab® drug. The Diphenhydramine compound was 
found to be the most stable constituent, with the lowest value of dipole mo-
ment. 
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1. Introduction 

Flutab® drug (generic name: Pseudoeph-DM-GG-Acetaminophen) is a pain re-
liever medication to remove cold symptoms, see Figure 1. This combination 
medication is used to temporarily treat cough, chest congestion, fever, body 
aches, and stuffy nose symptoms caused by the common cold, flu, or other 
breathing illnesses (e.g., sinusitis, bronchitis). 

Each tablet of Flutab® contains: Paracetamol (500 mg), Pseudoephedrine hy-
drochloride (30 mg) and Diphenhydramine hydrochloride (25 mg) [1] [2]. Flu-
tab® is dependent on the presence of pain-relieving Paracetamol. Pseudoephe-
drine helps relieve congestion and Diphenhydramine as anti-histamine consti-
tuent. The three bioactive compounds Paracetamol, Pseudoephedrine, and Di-
phenhydramine are abbreviations for N-(4-hydroxyphenyl)acetamide, 
2-(benzhydryloxy)-N,N-dimethylethanamine, and 
(1S,2S)-2-(methylamino)-1-phenylpropan-1-ol, respectively. The chemical 
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Figure 1. Flutab® drug package. 

 
structures of the Flutab® bioactive constituents along with their IUPAC names 
and abbreviation are shown in Figure 2. 

Paracetamol is a pain reliever and a fever reducer. The exact mechanism of ac-
tion of is not known. Paracetamol is used to treat many conditions such as 
headache, muscle aches, arthritis, backache, toothaches, colds, and fevers. It re-
lieves pain in mild arthritis but has no effect on the underlying inflammation 
and swelling of the joint. Pseudoephedrine is a sympathomimetic drug of the 
phenethylamine and amphetamine chemical classes. It may be used as a nas-
al/sinus decongestant, as a stimulant, or as a wakefulness-promoting agent in 
higher doses. Diphenhydramine is an antihistamine mainly used to treat aller-
gies. It is also used for insomnia, symptoms of the common cold, tremor in par-
kinsonism, and nausea. It is used by mouth, injection into a vein, and injection 
into a muscle. 

Much of the technology and computational chemistry applications are used to 
study drugs and their biological effects. The successful applications of quantum 
chemical calculations included density functional theory (DFT), its 
time-dependent functional (TDDFT) and molecular dynamic simulations in 
studying the drugs behavior [3] [4], and delivering [5] were reported in large 
amounts of work. The aim of the study is to determine which of the bioactive 
compounds presented in Flutab® drug has more stability by calculations of the 
dipole moments of each constituent using DFT/B3LYP [6]and Hartree-Fock 
(HF) [7] methods. The GaussView program (version 5.0.8) [8] was used to draw 
the structures of the molecules. Dipole moments of these three compounds were 
determined using Gaussian 09 suite program [9]. 

2. Ab-Initio Details 

The dipole moments of the three bioactive compounds were determined using 
Gaussian 09 software [9] and GaussView 5.0 program [8]. Gaussian 09 is an 
electronic structure package capable of predicting many properties of atoms, 
molecules, and reactive systems. It is a general-purpose computational chemistry 
software package initially released in 1970 by John Pople and his research group 
at Carnegie Mellon University as Gaussian. The name originates from Pople’s 
use of Gaussian orbitals to speed up molecular electronic structure calculations 
as opposed to using Slater-type orbitals, a choice made to improve performance  
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Figure 2. The chemical structures of Flutab® bioactive constituents along with 
their IUPAC names. 

 

on the limited computing capacities of then-current computer hardware for 
Hartree-Fock calculations. GaussView a very advanced and powerful graphical 
user interface for Gaussian. With the aid of GaussView the molecule can be 
built, saved or loaded. GaussView can be used to start, monitor and control 
Gaussian calculations, Also, GaussView can be used to visualize and analyze dif-
ferent parameters. The optimizations were carried out at DFT with one of hybrid 
functionals, i.e., B3LYP, which stands for “Becke, 3-parameter, Lee-Yang-Parr”. 
Other optimizations were carried out at the HF method. Three basis sets were 
used, the STO-3G (a minimal basis set, where 3 primitive Gaussian orbitals are 
fitted to a single Slater-type orbital (STO)). Also, two split-valence double-zeta 
basis sets. i.e., 3-21 G and 6-31 G(d). The two split-valence double-zeta basis sets 
are differing in the number of primitive Gaussians comprising each core and va-
lence atomic orbital basis function, also, an additional polarization function is 
added on heavy atoms in 6 - 31 G(d) denoted by (d). The frequency calculations 
were performed on all optimized geometries in order to confirm that these geo-
metries are corresponding to minima points on the potential energy surface with 
the absence of any imaginary frequencies. 

The optimized geometries of the three investigated compounds at the 
B3LYP/6-31G(d) level of theory as representative examples are shown in Figure 
3 along with arrows indicating the direction of dipole moment vector. The di-
pole moments of the three investigated compounds at the DFT at B3LYP and HF 
methods with three basis sets, namely, STO-3G, 3-21 G, and 6-31 G(d) are listed 
in Table 1. 

3. Results and Discussion 

The obtained data in Table 1 shows that the values of dipole moment at the HF 
method are larger than those at the B3LYP functional with the STO-3G and 3-21 
G basis sets. While, the obtained dipole moments at the B3LYP functional with 
6-31 G(d) basis set are higher than those obtained at the HF method. This result 
indicated the effect of the type of basis set on such calculations. For each com-
pound at the two methods, the dipole moment obtained with STO-3G basis set is 
the smallest, while the one obtained with 6-31 G(d) is the largest, the obtained 
value with 3-21 G basis set is an intermediate value. 
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Figure 3. The geometries of the three bioactive constituents of Flutab® (a) Paracetamol. 
(b) Pseudoephedrine, and (c) Diphenhydramine as optimized at the  
DFT/B3LYP/6-31G(d) level of theory. 

 
Table 1. Total Dipole moments (in Debye) of the three investigated compounds as calcu-
lated at the DFT/B3LYP and HF level of theory. 

Compound name 
DFT/B3LYP HF 

STO-3G 3-21 G 6-31 G(d) STO-3G 3-21 G 6-31 G(d) 

Paracetamol 1.4632 2.0904 2.1131 1.8224 2.5928 2.4109 

Diphenhydramine 1.0410 1.3651 1.0863 1.0773 1.4069 1.0533 

Pseudoephedrine 3.4684 3.4946 2.9005 2.6890 3.2765 2.8123 

 

However, the two methods with three basis sets show that the order of in-
creasing the dipole moments values of the three compounds is: Diphenhydra-
mine < Paracetamol < Pseudoephedrine. For instance, the dipole moments are 
1.0863, 2.1131, and 2.9005 Debye for Diphenhydramine, Paracetamol, and 
Pseudoephedrine, respectively, at the B3LYP/6-31G(d) level of theory. If the di-
pole moment value is low, the compound will be more stable, and will be ex-
pected to be responsible for the bioactivity of Flutab® drug [2]. Therefore, ac-
cording to the present result, the Diphenhydramine constituent is expected to be 
the most active constituent and will be responsible for the bioactivity of Flutab® 
drug. 

4. Conclusions 

The stability of compound is determined by calculating the dipole moment; if 
the dipole moment is low, stability will be more. Dipole moment calculations for 
Paracetamol, Diphenhydramine and Pseudoephedrine using DFT/B3LYP and 
HF methods with STO-3G, 3-21G, 6-31G(d) basis sets, indicated that Diphen-
hydramine was the most stable compound compared to other compounds in 
Flutab®, and expected that it is the most active one and it is responsible for the 
bioactivity of Flutab® drug. 
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