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NATIONAL ANTHEM 

Arise, O Compatriots, Nigeria's call obey 

To serve our fatherland with love 

And strength and faith 

The labour of our heroes past, shall 

Never be in vain, 

To serve with heart and might,  

One nation bound in freedom 

Peace and unity. 

 

O God of creation, direct our noble course. 

Guide our leaders right 

Help our youth the truth to know, 

In love and honesty to grow 

And living just and true, Great lofty 

Height attain, To build a nation 

Where peace and justice shall reign. 

 

NATIONAL PLEDGE 

I, pledge to Nigeria my country 

To be faithful, loyal and honest, 

To serve Nigeria with all my strength 

To defend her unity and uphold 

Her honor and glory,  

So help me God. 
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UNIVERSITY OF JOS ANTHEM 

Unijos our Unijos 

Founded in the Lord's glory 

Fountain of knowledge 

Discipline and dedication. 

 

Building leaders in earnest 

Lighting out the nation's path 

With knowledge genuine and pure 

In character and in learning. 

 

Unijos our Unijos 

Setting the peace in leadership and in lerning 

In service of God and man 

To humility's delight and development. 

 

God is our strength 

Growth and excellence in our goal 

In all that is fair and upright 

God bless our Unijos. 
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CITATION OF PROFESSOR JOHNSON OGODA  ONAH 

I, Professor Johnson Ogoda Onah was brought to this world 65 years ago at Uje Anchim of 

Oju Local Government Area of Benue State, through a humble family of Chief Isaac Ona 

Ejugwu and Madam Agbo Ohuma Ona Ejugwu, precisely on the 16th of February 1953. My 

primary education started early in 1960 because I had the priviledge of my father being a 

Public Servant, who was eager to enlist his child in school.  Even the teachers as at then 

thought I was too small because my right hand could not cross to touch my left ear. So my 

primary education started in January 1960 to December 1966 at Methodist Primary School 

Uje Anchim.  

My Secondary Education commenced in January 1967 at Government Secondary School, 

Katsina-Ala and passed out in December 1971. I then proceeded to Government College 

Keffi for Higher School Certificate (HSC). I got  admission into the prestigious University of 

Ibadan in 1972 and graduated with Honours degree in Biochemistry in 1976. I served my 

National Service (NYSC) in Kaduna State from August 1976 to July 1977. Took up 

appointment with the College of Education Katsina-Ala in August 1977 .  In 1978 I secured 

admission into the University of Strathclyde in Glasgow, Scotland where I acquired a Masters 

Degree in Pharmaceutical Chemistry in 1981. When the Federal University of Technology 

was established in Makurdi, I got employed as Lecturer II in Faculty of Pharmacy  among the 

pioneer staff. When the Faculty was relocated to the University of Jos in 1988, only a handful 

of us reported. I enrolled into a PhD program at the Department of Pharmaceutical and 

Medicinal Chemistry, University of Nigeria, Nsukka and was conferred with the Degree in 

1997. I was a recipient of World Bank assisted research grant that facilitated PhD Scholars to  

visit Foreign Laboratories for more advanced exposure between 1993 and 1994. I was 

Coordinator of  the Department of Phaarmaceutical Chemistry between 1988 and 1989. 

I was substantive Head of Department of Pharmaceutical and Medicinal Chemistry 

University of Jos, Jos between 2006 and 2010. Have had the privilege of serving in many 

administrative Committees of the University over this period of time. I served as an External 

Examiner to the Department of Pharmaceutical and Medicinal Chemistry,  University of 

Nigerian  Nsukka between 2009 and 2012. Was also an external examiner to  Department of 

Chemistry Acharia Nagarjuna University,  Andra Pradesh University, India (2005 to 2007). 

Was a Visiting Professor to the Department of  Chemistry,  Benue State University, Makurdi 

( 2006 to 2010 and to the Department of chemistry , University of Agriculture, Makurdi, 

Benue State between 2012 and 2014.  

I was Member of Expert Committee on "National Quality Assurance Policy for Medicines 

and other Health Products" of the Federal Ministry of Health, Abuja in 2014-2015. 

Consultant Analyst to "National Malaria Control Program " Federal Ministry of Health 

Abuja, 2009 to 2010. Member of National Expert Committee on Ebola crisis. I also served as 

Consultant to the National Economic Intelligent Committee, 1998 to 1999. Consultant to 

National Action Committee on AIDS (NACA) 2005 to 2006. I had the privilege of serving as 

member of Visitation Panel to The Benue State University between August 2015 and October 

2015. Presently, I’m serving as a member of Governing Council of Benue State University.   
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Membership of Professional Bodies: I was Member, University of Jos Accountability  and 

Transparency Unit, ICPC program for Nigerian Universities. Member, Chemical Society  of 

Nigeria;  Member Institute of Public Analysts  of Nigeria;  Board Member, Nanomedicine 

Society of Nigeria; Member, American Chemical Society;  Fellow, Institute of  Chartered  

Chemists of Nigeria. 

My hobbies include photography, reading, sports and listening to music. I’m a lover of  Jazz 

music. 
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Protocol 

The Chairman of this occasion and Vice-Chancellor of University of Jos, 

The Deputy Vice-Chancellor Academic, Prof. Nelson A. Ochekpe, 

The Deputy Vice-Chancellor Administration, Prof. Theresa N. Nmadu, 

The Registrar, University of Jos, 

Other Principal officers of the University of Jos, 

Chairman, Lectures and Award of Prize Committee 

Deans of Faculties and Directors, 

Professors of the University of Jos 

Heads of Academic Departments, 

Staff and Students of the University of Jos, 

Distinguished invited guests  

Friends and well wishers 

Great Josites 

Ladies and Gentlemen 
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Preamble. 

I stand before this wonderful audience Mr Chairman Sir, to plead the 

opportunity to deliver my inaugural lecture titled "What on Earth is 

Wrong With This 'Beautifully' Formulated Drug". This lecture will 

attempt to explain why in spite of our human level of ingenuity and 

supreme effort, we just cannot manufacture anything near perfection, 

most probably because we're yet to contend with forces of nature. 

Drawing from the experiences of Universities Worldwide, inaugural 

lecture attempts to provide a narrative of one's academic life within a 

particular University setup. The University of Jos, graciously, has 

over time availed me with wonderful opportunities to conduct 

research in several areas of my fancy. For example, I have carried out 

extensive research in areas of phyto-medicines (for example, my PhD 

thesis was on a medicinal plant, very potent for sickle-cell disease), 

natural products Chemistry, pharmaceutical analysis, for which I now 

have a Chair, and currently into covalent bitherapy of anti-malaria 

agents ( innovative approach in drug development).  

Permit me to quote my favourite Author, Cardinal Newmann, Sir, that 

"A man would do nothing, if he waited until he could do it so well 

that no one would find fault with what he has done".  
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1.0  INTRODUCTION. 

1.1  The Pharmacy profession and its Evolution 

 Pharmacy is a multidisciplinary science that deals with the technology of formulating 

and dispensing drugs to the patient. Pharmacy is a link between biological/ health sciences 

and chemical sciences. The person who has acquired sufficient knowledge of Pharmacy 

education is called a Pharmacist. The Pharmacist is a very important member of the 

healthcare team because he's the only person qualified to provide information on ALL 

MATTERS relating to the therapeutic use of drugs and other medicaments. He is the only one 

who can give assurances that the drug products has undergone the highest standard of good 

manufacture  (GMP) and can attest to the purity, potency, safety, stability and the general 

acceptance by the consuming public. Irrespective of what other health professionals may feel, 

the Pharmacist is the only one at the centre of medical practice. 

Pharmacy as a profession has come a long way and we can safely speculate that pharmacy 

practice became part of human existence when man was driven out of the Garden of Eden by 

God Himself. Since then the following are mile stones in the practice of Pharmacy: 

 the earliest known compilation of medicinal substances was developed in India in the 

6th century BC;  

 Ancient Egyptians kept meticulous record of pharmacological substances by the 16th 

century BC; 

 by the 4th century BC Ancient Greece had employed men who specialized in 

medicinal properties of plants. 

 by the 1st century AD, Chinese had developed what was called "The Devine Farmer's 

Herb-Root Classic". There had earlier been prescriptions for specific ailments. 

 Baghdad by 754 AD has had pharmacy stores that were State regulated. 

 pharmacology was developed in the Middle East (865-915 AD) as a result of 

advances made in botany and chemistry. 

 The first pharmacy in Europe was opened in Trier in Germany in 1241 AD. 

Physician's and apothecary's professions were separated in 1240 in Europe.. 

 I make bold to state from the onset of this lecture that a drug substance is one of the 

most regulated consumer products  in the market place. From the conceptualization to the 

gamut of processes involved in the manufacture of even the simplest drug, beginning from 

the laboratory bench to the formulation stage, packaging and finally to the patient at the 

pharmacy outlet are scrupulously double checked for both human, material and equipment 

errors. Drug manufacturers simply cannot afford to make mistakes or make compromises for 

obvious reasons. 

Why should anything ever go wrong with such a beautifully manufactured product?  

Before we attempt to answer this question, let us understand a few things involving drugs and 

their functions. 
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1.2 What is a drug?  

 Amongst the experts and indeed in the official monographs like pharmacopoeias, the 

definition vary slightly in scope from one source to another. It will be sufficient to state here 

according to Olaniyi (2005) that "a drug may be any substance that qualifies to be used for 

treatment of a dysfunctional health condition, prevention, mitigation, diagnosis of disease 

state or even more generally the abnormal physical condition of the animal".  

Drugs that are used exclusively for the treatment of human health challenges are called 

Pharmaceutical drugs. Drugs are classified different depending on individual understanding 

and perspectives.  

The more scientific classifications include: 

 Chemical: Drugs derived from chemical synthesis, e.g. small molecules that are 

products of laboratory synthesis, e.g. paracetamol 

 Biopharmaceuticals such as blood products, gene therapy products, monoclonal 

antibiotics and stem-cell therapies. 

 Drugs from natural origin (herbal, mineral, marine) 

 Drugs derived by biotechnology ( recombinant proteins, vaccines, etc ) and genetic 

engineering 

 Drugs derived from radio-active substances. 

Some drugs are call soft drugs while others are called hard drugs. Soft drugs can be grouped 

broadly into two based on their levels of control, i.e. prescription drugs which only certified 

pharmacist can dispense and non-prescription drugs or over-the-counter drugs, which the 

patient can purchase without prescription. Ecstatic and psychedelic drugs may be considered 

to be social drugs but their outcomes may not be so social. Hard drugs on the other hand are 

harsh in their outcomes and create all manner of side-effects, some of which are irreversible. 

Hard drugs are usually listed as prohibited drugs, examples include heroin and cocaine. 

A more modern and acceptable classification uses the Anatomical Therapeutic Chemical 

system (ATCS). 

1.3 What is a poison? 

A poison is any chemical substances that when ingested by an organism causes disruption to 

its biological function / integrity. The difference between a poison  and a drug can sometimes 

be found in the dosage. Some pharmaceutical drugs were originally considered to be 

poisonous e.g. physostigmine, digoxin . Furthermore, carcinogens, mutagens and teratogens 

are poisonous to humans in particular. Insecticides like dichlorodiethyltretraethylamine 

(DDT) are acutely poisonous to insects but not to human beings. Some toxins are considered 

to be extremely poisonous to animal systems, e.g. snake vemons. Biologically speaking, any 

chemical substance ingested  in large amounts can be poisonous to the recipient organism. 

Some drugs that induce allergy in patients can be considered to be poisonous to such 
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individuals. The outcomes of poisons may be acute or chronic depending on the quantity 

consumed and the time of exposure. 

1.4 Different branches of Pharmacy.  

The various disciplines that constitute pharmacy are: Pharmacology, Pharmacognosy, 

Pharmaceutics and Pharmaceutical Chemistry. Indeed, all these areas derive their logic from 

chemical principles. Because all drug substances are chemical in nature, Chemistry is at the 

heart of pharmacy education. Even other disciplines outside the chemical sciences have their 

principles rooted in chemistry, so one is tempted to ask what on earth is not Chemistry. 

1.5 Different aspects of pharmaceutical chemistry 

1.5.1 Pharmaceutical analysis. Pharmaceutical analysis is a branch of pharmaceutical 

chemistry that is concerned with the systematic approach to evaluating the quality of a 

pharmaceutical drug. It's practical objective is to ensure that pharmaceutical products 

consistently meet the quality standard appropriate to their intended use, i.e. chemical identity, 

purity, stability, potency and safety. It's common knowledge that a sizeable quantity of 

pharmaceutical products in the world markets are either counterfeits, substandard or down- 

right fake (Kumar 2014). In monetary terms this can be a huge amount. For this reason, 

appropriate quantitative and qualitative techniques ( uv-vis spectrophotometry, fluorimetry, 

titrimetry, HPLC, capillary electrophoresis, chromatography etc ) have been developed for 

the detection and quantification of impurities through pharmaceutical analysis. Counterfeit 

detection and stability testing are therefore crucial in pharmaceutical analysis. 

1.5.2 Medicinal chemistry. This is a science whose logic is derived from the different 

branches of chemistry and biological sciences such as biochemistry, pharmacology, 

physiology and anatomy. It strives to unravel the mechanisms by which drugs act on the 

biological tissue and establishes a relationship between chemical structure and biological 

activity. Structure- Activity Relationships (SAR) studies leads to other aspects of drug 

design. Drug therapy is at the core of medicinal chemistry and pharmacology, therefore 

evaluates lead molecules from simple structures and even from natural sources. Once the 

synthesis of a molecule is accomplished, it's the responsibility of the medicinal chemist to 

unequivocally establish it's chemical structure and physico-chemical properties before any 

other modifications can be contemplated upon. 

 2.0 Quality Assurance Systems (QAS) 

2.1 Different aspects of quality assurance 

Quality assurance (QA) is a terminology that is most used in Pharmaceutical sciences and 

pharmacy practice as it describes specifically pharmaceutical products generally. Quality 

assurance here means that the highest standard of quality of the product is being presented to 

the consumer.  
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The World Health Organization (WHO) initiated the protocol for QA in 1948 and since then 

has encouraged sharing of scientific data or information on quality. In fact, WHO has 

continually to, since then, encouraged supra-national collaborative activities in QA. 

In the early days of pharmacy practice, QA parameters were limited to organoleptics, 

physical characteristics of the formulation; currently, in addition to these other parameters 

include dissolution rate, bioavailability, stability, safety and toxicological information. 

As a result of the comprehensive nature of information now rightfully on demand, QA has 

been upgraded to "Total Quality Assurance Systems". which is the sum total of all activities 

that  involved (Complex process) monitoring of all processes from purchase of raw materials 

to the finished product as presented to the consumer. Each process has its in-built checks and 

tests and certifications that are carried out rigorously. The primary objectives of quality 

assurance systems therefore include: 

 Activities preceding manufacture (GMP) 

 Actual manufacturing process 

 Post manufacture activity 

 Quality control. 

2.2 Quality Control (QC) 

Quality control (QC) is a terminology that is often used interchangeably with quality 

assurance (QA). Strictly speaking they mean different things as explained in QAS discussion 

above. Quality control activities consist of a set of procedures  which ensure that a 

manufactured pharmaceutical product maintains scrupulous adherence to previously stated 

quality criteria, which ultimately was designed to meet the consumer taste. For example: 

 Active ingredients, excipients, packaging materials and devices must meet the criteria, 

 Microbial tests in their various forms must be analyzed for consistency and 

acceptability. 

 Physico-chemical analysis including spectrophotometric activities must establish 

conformity with the stated standard. 

 Stability-indicating-tests must be carried out to assess the impact of environmental 

factors (temperature and moiture, etc). 

 Viral analysis test must be carried out.  

2.3 Possible dangers to a "beautifully" formulated drug product 

Any human product cannot attain the ultimate in perfection therefore man made products are 

inherently defective, i.e. not very beautiful after all . Machinery used in the manufacturing 

process and equipment used in QC have limitations to their precision and reproducibility. 

Inherent equipment limitations have to be considered and accepted along with other GMP 

processes before mass production could be embarked upon. Human errors in measurement 

have their unpredictable contributions. The greatest threat to a "beautifully" formulated 

pharmaceutical product  is contained in the environment. 
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The ability of a formulation to resist environmental factors which lead to deterioration 

constitute its stability. This suggests that the products physical, chemical, therapeutic efficacy 

is maintained between the time of manufacture and usage by the consumer. Any changes that 

take place within this period can scientifically be determined.  Data from such measurements 

provide information as regards the life-span of the formulation or more appropriately shelf-

life.  Once the drug container is opened, the degradation of the therapeutic product increases 

rapidly as exemplified by syrups and suspensions. 

Environmental factors that affect drug stability most are. 

 Temperature: Temperature accelerates oxidation-reduction and hydrolysis of the 

therapeutic agent dramatically. 

 Acidity or alkalinity (pH). Most organic drugs are either acidic or basic in 

character and therefore fluctuations in pH (hydrogen ion concentration) affect 

stability. Most drugs are reasonably stable between the pH range of 4.0 and 8.0. 

 Moisture. The presence of moisture promotes rapid microbial growth. Water  

serves as a catalyst in hydrolysis, oxidation-reduction processes. 

 Light. Light is energy and can generally produce thermal energy that can affect the 

stability of the pharmaceutical product. When the energy inherent in a particular 

wavelength coincides with the energy content of a chemical bond present in the 

molecule, the bond can absorb the energy and rapture, i.e. degrade. The effect of light 

in degradation of pharmaceutical products is the most investigated in stability studies. 

 Dosage forms. General observations concerning dosage form reveals that solid dosage 

forms are more stable than liquid forms under the same environmental conditions. 

 Drug incompatibility. None professionals in the field of pharmacy might have 

observed that many drugs are formulated in combined forms. In such formulations, 

components can interact with each other and even with the container. In in vivo 

environment, the mechanism of action of the different drugs may conflict leading to 

adverse reactions, i.e. incompatible combinations. 

2.4 Methods of testing drug stability. 

Stability testing as a process is complex and time consuming. The concerns of stability 

studies is to ensure that the product quality, safety, efficacy and physical outlook is 

maintained throughout the shelf-life. Information in these areas are a requirement for 

approval by regulatory agencies.  

Depending on the aims and objectives of stability testing, four different modes of 

investigations are routinely carried out. These are: 

 Real-time stability testing.  

 Accelerated stability testing.  

 Retained sample stability testing.  

 Cyclic temperature stress testing.  
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As established above, light energy is one of the most important elements that affect the 

stability of any pharmaceutical drug, therefore the next section will examine in detail this 

phenomenon and its applications in pharmaceutical analysis. 

3.0 Photochemistry and spectrophotometry as techniques in QC 

3.1 Nature of light  and its interaction with matter (drugs) 

For those who believe that evolution of species was from God, it was when the maker of 

Heavens and the Earth decided that it was time for His creation to take form and shape, that 

He decreed that there should be "light" and there was light (Gen. 1: 1-4; NKJV). Since that 

singular event, the light-induced chemical processes that has sustained the earth or planet in 

particular was set in motion; and have remained sustainable ever since. The most important 

consequence of the existence of light is life.  

Two theories are usually associated with light, the wave theory and the corpuscular theory. 

The wave nature of light gives rise to electric and magnetic components which together is 

described as electromagnetic radiations. The entire range of the electromagnetic radiation 

which is call electromagnetic spectrum is well known among Scientists. The spectrum band 

that is of immediate interest to pharmaceutical chemists are far UV (10
-7

 / m) ; UV (10
-7

 / m); 

Near Infra-red (10
-5

 /m) ; Visible (10
-6

/m); Nuclear Magnetic Resonance (10
1
/ m).  

When light comes in contact with matter such as organic molecules some of the light may be 

absorbed, scattered or the light might just penetrate unaffected. The molecules that are 

disposed to absorbing light might have their basic electronic arrangement altered, such that 

some electrons may be promoted to a higher orbital level.  

This presentation will concentrate on interactions of ultra- violet and visible light (UV-Vis 

light) with organic molecules. The range of UV light in the electromagnetic spectrum is 

between 190 nm and below 400 nm while that of the visible region is between 400nm and 

800nm. 

The consequence of interaction of light with matter can be summarised by the simplified 

Jablonski diagram shown below (Fig. 1) 

. 
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Fig.1. The Jablonski diagram 

When one electron from the ground state of MO absorbs light energy it gets promoted to a 

higher vibrational sub-levels S1 or S2 or Sn. The excited electron in S1 may return to the 

ground state So with loss of attendant energy. This lower energy means longer wavelength. 

This lower energy may appear as fluorescence radiation. This is described as a photo-physical 

process. 

 We shall revisit this phenomenon when we discuss charge-transfer radiations in section 4.0 

The alternative to the return of the electron from S1 is internal conversion (IC) to T1. During 

IC conversion, the electron spin orientation changes. Energy states such as in So, S1 & S2 are 

all in singlet states. The final decay of energy from T1 to So occur at even a longer 

wavelength, i.e. lower energy; this may corresponds to phosphorescence. The processes that 

lead to phosphorescence  are considered to be photo-chemical processes. 

Photochemical reactions rarely occur during IC from S1 to T1. The electronic processes  

leads to some kind of competition with photochemistry. The shorter the time of the excited 

state, the less the time available for photochemical reaction to occur. Photochemical reactions 

have very little applications, if any, in pharmaceutical analysis. 

This lecture will concentrate only on the Photo-physical processes rather than the 

photochemical. 

3.2 Theory of light absorption. 

The quantity of  radiation that is transmitted through a medium in comparison to the incident 

radiation is called absorption. This absorption phenomenon is governed by two empirical 

laws that were developed early in the studies of chemical analysis. One of the laws is the 

Beer's Law which describes absorption in relation to concentration of the absorbing species 

and the Lambert Law which relates to path length during transmission. This relativity (Beer-

Lambert Law) is at the heart of spectrophotometric measurements in quality control of 

pharmaceutical drugs. 
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The familiar mathematical expression is: 

 log Ii / Io  = ε.c.l  or  ε  = A.c.l 

The constant ε = molar absorptivity is peculiar to any compound at a given wavelength λ; log 

Ii / Io  = Absorbance A; c  = concentration of the specie while l   =  path length (1 cm).  

When Beer -Lambert Law is obeyed, there is a perfect linearity between absorbance and 

concentration of the absorbing specie. This observation is what defines spectrophotometry 

and its application in pharmaceutical analysis. 

3.3 Spectrophotometry in Pharmaceutical Analysis. 

Spectrophotometric technique is probably the most employed in pharmaceutical analysis. 

Traditionally, the technique involves measuring the amount of radiation absorbed by the 

analyte, and this property is governed by the Beer-Lambert Law stated above. 

Spectrophotometry has justified its continuous use because of it's simplicity, sensitivity, 

rapid, fairly specific and user friendly. Recent advances in instrument electronics have even 

refined the limitations even further.  

The atom or groups of atoms that give rise to absorption of radiation is called the 

"chromophores".  

Spectrophotometry can be used with other techniques in structure elucidation of organic 

molecules. 

3.4 Limitations of UV spectrophotometry 

Literally speaking, any organic molecule can absorb in the uv-region of the spectrum but not 

so in the visible region. This suggests that molecules that absorb (in the uv region) very close 

to each other will be difficult to resolve during measurement, hence the possibility of spectra 

overlap. Spectra overlap is most experienced in the UV region, due primarily to excipients, 

degradation products from drug substances and interference from binary or ternary mixtures. 

Spectra overlap are rare in the visible region because absorption bands in the visible region 

are more discrete and characteristic of the species. 

Further advances in instrument electronics have yielded high precision spectrophotometers 

embedded with high speed microprocessors that can handle multiple analysis simultaneously 

especially in the visible region. 

 Fourier Transform spectrophotometers has evolved from these advances. With these, errors 

in wavelength measurements have been resolved to below 0.1 %.   
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3.5 My Research contributions using spectrophotometric methods in drug analysis. 

Why spectrophotometry?  

Spectrophotometry will continue to play a central role in pharmaceutical analysis because of 

its adaptability. The fact that new instrument electronics have revolutionized the techniques 

presents it as an indispensible technique. Even results acquired from old spectrophotometric 

methods can be re-evaluated by the improved technology. My contributions therefore were 

centred on developing new techniques. The justification for developing new techniques 

of analysis has become imperative in spite of the official monographs and 

pharmacopoeias assay procedures. In additions to these: 

 Not every pharmaceutical drug is reflected in the pharmacopoeia and monographs, 

especially the newly admitted drugs such as antiretroviral drugs. 

 Even the official techniques were developed from research and development gathered 

from different laboratories. 

 To satisfy academic curiosity and extend the frontiers of analytical chemistry. 

 To provide information that can complement the Official techniques and possibly 

substitute for the more cumbersome assays in the pharmacopoeias. 

 Resource- poor laboratories can rely on simpler but sensitive and accurate techniques. 

In developing these new techniques, the Official validation protocols were however observed 

for comparative purposes. From my experience, in most cases, the new methods and the 

corresponding results showed better accuracy than official methods. 

 

3.5.1 Stability studies:  

Methocarbamol. 

Chemical structure  

   OCH3

NH2

H

 

Name:  [2-hydroxyl-3-(O-Methoxyphenoxy)-1,2-Propanediol-1) carbamate] 

Methocarbamol is a drug of choice in the treatment of muscle spasms (Erk et al. 2001) and 

it's also a sedative (Taylor, 1987, Scot et al. 1977). Pharmaceutical analysis of this drug has 

been reported by other researchers using different techniques such as HPLC, super-critical 

fluid chromatography (Stewart et al. 1979; Vasudevan et al. 2000). The result of our report 

are  presented in Tables 1-3.      
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 Accelerated stability study was reported (Onah and Vongtau, 2005) for 

methocarbamol in different polar media and in the presence of sorbital, a commonly use 

excipient in solid dosage forms. 

 

Table 1. Hydrolysis constant for methocarbamol (0.05M) in HCl buffer and in the 

presence of sorbitol. 

Solvent medium Rate constant Half-life Shelf-life 

        ± S.E.M.  hours      ± S.E.M.  weeks     ± S.E.M. 

Distilled water 1.82 x 10
-3

 ±9.1 x10
-4

 380.77±11.92 57.90±3.47 

HCL buffer (pH 1.0) 2.50x10
-3

 ± 1.25x10
-4

 277.2±13.20 42.16±2.96 

Citric acid buffer (pH 

4.0 

2.25x10
-3

 ±1.01x10
-4

 275.00±11.4 41.83±3.35 

Phosphate buffer (pH 

7.0) 

3.03x10
-3

±1.20x10
-4

 228.71±8.71 34.79±1.74 

Phosphate buffer (pH 

7.4) 

2.93x10
-3

±2.05x10
-4

 236.52±15.02 35.97±1.80 

Phosphate buffer (pH 

8.4) 

3.05x10
-3

±1.75x10
-4

 198.00±9.43 30.11±1.13 

Ethanol (95 %) 1.96x10
-3

±1.18x10
-4

 353..57±20.10 53.78±3.76 

Acetonitrile 1.16x10
-3

±8.96x10
-5

 597.41±33.81 90.86±3.63 

Glycerol 1.13x10
-3

±5.65x10
-5

 613.27±29.20 95.82±2.88 

 

Table 2. Hydrolysis constant for methocarbamol (0.05M) in phosphate buffer and in 

the presence of sorbitol. 

 

 

              Hydrolysis constant / hr 

Molar ratio of methacarbamol : Sorbitol 

Solvent 

system 

1 : 0 1: 1 1 : 5 1 : 10 1 : 15 

HCl 

(pH 1.0 

2.82x 10
-

3
±1.41x10

-4
 

 

258x10
3
± 

1.03x10
-4

 

 

1.88x10
-3 

±1.73x10
-4

 

 

2.86x10
-3 

±1.14x10
-4 

 

2.92x10
-3

 

±1.46x10
-4

 

 

Half-

life 

245.75±11.69 268.\x10-

3±21.98 

240.63±13.42 242.31±9.29 237.33±21.85 

Shelf-

life 

37.38±1.87 40.85±1.63 36.11±2.17 36.85±1.47 36.1±1.81 
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Table 3. Hydrolysis constant for Methocarbamol in the presence of sorbitol at different 

ratios. 

 

 

              Hydrolysis constant / hr 

Molar ratio of methacarbamol : Sorbitol 

Solvent 

system 

1 : 0 1: 1 1 : 5 1 : 10 1 : 15 

Phosphate 

buffer 

(pH 8.40 

3.37x10
-3

 

±1.69x10
-4

 

 

2.76x10
-3

 

±1.10x10
-4

 

 

2.86x10
-3

 

±1.43x10
-4

 

 

2.82x10
-3

 

±1.13x10
-4

 

 

2.83x10
-3

 

±1.70x10
-4

 

 

Half-life 205.64±9.82 251.01±9.63 220.28±11.27 245.75±14.98 244.88± 

13.80 

Shelf-life 31.28±1.57 38.19±1.52 36.85±1.84 37.38±1.50 37.24±2.24 

 

The following conclusions were drawn: 

 Beer-Lambert Law was obeyed with regression equation of: A225 = 0.0190 + 

0.0766x;  a regression coefficient of 0.9964 

 The drug was reasonably stable in water and most stable in glycerol 

 Methocarbamol was more stable in acidic pH than basic pH. 

 The hydrolysis constant follow pseudo first order kinetics. 

 Sorbitol is a good excipient for methocarbamol formulation. 

We conclude that since moisture is an issue in drug stability, and methocarbamol is 

reasonably stable in water, the drug can remain stable for long periods in our environment of 

high humidity. 

3.5.2  Stability study on Nevirapine, Lamivudine and Zidovudine 

Chemical Structure: 
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CH3

O

NEVIRAPINE

CH3

OH
+

-

ZIDOVUDINE

OH

NH2

LAMIVUDINE

 

 

These drugs were amongst the first generation anti-retroviral drugs in the treatment of 

HIV/AIDS. These drugs have not been listed in the British, United States and European 

official pharmacopoeias, but only in the WHO monographs. We embarked on accelerated 

stability studies because the drugs were relatively new and temperatures of tropical 

environments are generally very high. 

Effect of temperature on the stability of nevirapine, lamivudine and zidovudine in phosphate 

buffer was investigated spectrophotometrically (Onah and Ogaji, 2009). High temperatures 

generally have deleterious effect on drugs, so apart from light, this effect constitute the 

greatest challenge in QC. Most reported stability studies on anti-retroviral (ARVs) drugs 

were carried out over a short period of time and at either room temperature or at sub-zero 

temperatures (Tribut et al. 2002).  

The absorption maxima for nevirapine, lamivudine and zedovudine were 270 nm, 251 nm 

and   267nm respectively. The Beer-Lambert plots were linear and were validated fully. 

 The kinetics of decomposition of these drugs follow pseudo-first-order rates. 

  The rate of decomposition of these drugs at 40
o
C were 0.0118 min

-1
 for nevirapine, 

0.0124 min
-1

 for lamivudine and 0.0244 min
-1

 for zidovudine.  

 As would be expected these rates increased significant with increase in temperature 

although nevirapine was generally more susceptible.  

 The rate constants obtained by graphical method at 70
o
C are as follows: Nevirapine = 

0.0179 min
-1

; Lamivudine = 0.0346 min
-1

 and Zidovudine = 0.187 min
-1

 

 After 120 min of incubation at 40
o
C, nevirapine had suffered 5.52 % decomposition 

as compared with 4.02 % for lamivudine and 1.29 % for zidovudine.  

 At 70
o
C for the same period of time, the decomposition of nevirapine had increased 

two-fold while that of lamivudine and zidovudine were 5.85 % and 3.74 % 

respectively.  

 Table 4 below illustrate the decomposition profiles of these drugs at 70
o
C. 
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Table 4. Rate of decomposition of Nevirapine, Lamivudine and Zidovudine in 

phosphate buffer (pH7.4) at 70
o
C.  

Drug Time 

(min) 

0 30 60 90 120 150 180 

NEV Conc. 

(mg) 

decomp. 

0.0 19.4x 

10
-4

 

19.92x 

10
-4

 

20.75x 

10
-4

 

21.26x 

10
-4

 

21.59x 

10
-4

 

22.26x 

10
-4

 

% 

decomp 

0.0 9.71 9.90 10.35 10.63 10.80 11.13 

LAM Conc. 

(mg) 

decomp. 

0.0 9.35x 

10
-4

 

10.76x 

10
-4

 

11.03x 

10
-4

 

11.69x 

10
-4

 

13.10x 

10
-4

 

15.10x 

10
-4

 

% 

decomp 

0.0 4.67 5.38 5.52 5.85 6.55 7.55 

ZVD Conc. 

(mg) 

decomp. 

0.0 5.66x 

10-4 

6.77x 

10
-4

 

7.24x 

10
-4

 

7.47x 

10
-4

 

8.17x 

10
-4

 

8.86x 

10
-4

 

% 

decomp 

0.0 2.83 3.39 3.62 3.74 4.09 4.43 

 

 

We came to the conclusion that nevirapine, lamivudine and zedovudine are very sensitive to 

high temperatures and should not be handled and stored without due recognition of this fact. 

3.5.3 Hydralazine hydrochloride  

Chemical Structure. 

     

HCl

NHNH2

Hydralazine  

Name: (1-hydrazinophthalazine) 

Hydralazine is a potent vasodialator and so used in the treatment of high blood pressure or 

hypertension.    
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Colourimetric determination was carried out on hydralazine hydrochloride in pharmaceutical 

formulations after coupling with vanillin as the chromagen (Ahmed and Onah, 2004). The 

assay in the visible region was completely validated.  Official WHO monograph (1988) and 

British pharmacopoeia utilizes redox titration with potentiometer to indicate end-point. This 

technique is not cost effective in resource-poor laboratories. In our report (Ahmed and Onah, 

2004), absorption maximum for hydralazine and the hydrazone couple were λm = 260 nm and 

λm = 390 respectively.  Linear regression equation was A390 = 0.0124 + 0.0603x with a 

regression coefficient of 0.9989. Detailed results of recoveries are shown in table 5 beow. 

Molar absorptivity was determined to be 14290 l mol
-1

 cm
-1

. 

Other assay techniques reported in the literature include spectrophotometry in the ultraviolet 

region (Dutt et al 1983; Marr et al. 1991); spectrofluorometry (Di Pietra et al., 1993).  

This new approach is superior to the recommended Pharmacopoeia method because of it's 

simplicity. 

The chemistry of reaction is shown below. 

 

+

NHNH2

OH

OCH3

CHO

H+

NHN CH

Hydralazine Hydralazone  

Table 5. Analysis of hydrazine hydrochloride in pharmaceutical formulation by proposed 

method and BP (1993 ) method. 

 

Preparation 

Sample 

no 

 

Label 

claim 

 

Percent of labelled content found( 

Average of 5 determinations ) 

BP Method Proposed 

method 

Apresoline 

injection 

1 

 

20 mg 

 

101.25±0.58 

 

100.98±0.46 

 

Apresoline tablets 

(25 no) 

2 25 mg 100.27±0.62 101.03±0.49 

Apresoline tablets 

(50 no) 

3 50 mg 99.17±0.68 98.83±0.75 

Cesoline tablets 4 25 mg 98.67±0.48 99.33±0.55 

Generic tablet 5 25 mg 99.52±0.60 99.35±0.71 
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3.5.4 Dihydroartemisinin 

Chemical structure. 

   

H3C

H

CH3

H

H
CH3

OH  

Name:  [{3R,%aS,6R,8aS,9R,12aR}-8hydro-3,6,9-trimethyl-3,12-epoxy-12H-prano-4,3-j]-

1,2-benzodioxophine-10(3H)-ol]. 

This drug is used clinically for the treatment of malaria.  

Dihydroartemisin  formulation is called Cotecxin
R
 It was quantitatively assayed with sodium 

hypochlorite Onah & Ojeh, 2006). The pharmacopoeias had not listed it in its official assay 

techniques, however, WHO had it in its monograph. The non-inclusion of this product in the 

pharmacopoeias stimulated us to develop and assay method that is sensitive and simple but 

accurate and reproducible. Report on this drug has similarly been presented by Christen & 

Veuthey (2001). The serial concentrations obey Beer-Lambert Law. Cotecxin
R
 alone absorbs 

at 210 nm while the product of its reaction absorbed at 380 nm. 

 The regression equations and their corresponding correlation coefficients are: 

 A210 = 0.0379x + -0.00235   (correlation coefficient= 0.9999) 

 A380 = 0.00779x  + -0.00387  (correlation coefficient = 0.9997) 

 Molar absorptivity  =  379l mol
-1

 cm
-1

 at 380 nm and 77.9 l mol
-1

 cm
-1

 at 210 nm 

1. The recovery experiments of different batches gave values of between 98.9135 ± 

2.311 % and 103 ±2.953 %. 
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The equation of reactions is as follows: 

 

 

  

 

Me

Me Me

H

H

Me

HO-

Me

O

O-

O

CO2HMe

Me

H

H+ / OH-

CO2HMe

Me

Me

H

O

Me

OH  

 

3.5.5
 

Assay of Tenofovir Disoproxil Fumarate with Ammonium Molybdate. 

Chemical Structure: 

   

CH3

NH2

CH3

CH3

CH3

CH3

H

H

CO2H

HO2C

+

TENOFOVIR DISOPROXIL

FUMARATE  

Name: {9-[(R)-2-[[bis[(isopropylcarbonyl)oxy]methoxy]phosphinyl]methoxy]propyl] 

adenine fumarate}. 

  Tenofovir disoproxil fumarate is reverse-transcriptase inhibitor used in the management of 

HIV/AIDS. Quality control and its assay has not been listed in the Pharmacopoeias and even 

NaOCl + H2O / Cl- Na+
+

-OCl

-OCl + H2O

H+ HOCl + -OH H2OCl
+

Cl+ + H2O

H+
HOCl Cl2 + H2O
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WHO monogram, therefore we saw the need to develope a simple, sensitive 

spectrophotometric method for its quality assessment. The demand for this drug is so high 

that its faked brands can easily escape into the market, hence the need to be able to screen it 

rapidly with simple procedures. 

Ammonium molybdate and picric acid complexes were first formed before they were 

quantitatively assayed spectrophotometrically (Onah and Ajima, 2011). Ammonium 

molydate is the standard reagent for the quantitation of phosphate groups in a molecule. This 

proposed technique can be used even in field operations for the drugs' rapid certification. 

 The complexation obeyed Beer-Lambert Law.  

 Recovery experiments for the reaction of the molybdate gave mean values of 99.20 %  

and a regression equation of AMb = 1.901 + 10
-3

x (regression coefficient, 

0.9989).  

  Molar absorptivity was 1,234.09l mol
-1

 cm
-1

 

The investigation with picric acid, (2,4,6-trinitrophenol), reacted with tenofovil disoproxil by 

charge-transfer mechanism which will be explained shortly. A vast amount of reports are 

available in the literature concerning the application of charge-transfer applications in 

pharmaceutical assay (Sale and Askal, 1991; Onah and Datukus 2004). 

 The recovery gave value of 96.12% with a regression equation of  APA = 0 + 

0.0187x (Regression  coefficient, 0.9999).  

 Molar absorptivity was  12,330.92. 

Similar reports cited in the literature employed First-order derivative spectrophotometry (Atul 

et al. 2009);  Reverse-phase HPLC (Raju & Begum, 2008); Gradient ion-pair LC with 

fluorecent detector, (Sparidans et al. 2003).  

 

3.5.6  Analysis of Nevirapine. 

Chemical structure is shown in section 3.5.2 

In addition to the stability studies carried out on nevirapine presented earlier, it was again 

quantitatively analyzed spectrophotometrically. Nevirapine was assayed by three 

spectrophotometric methods that were fully validated. Nevirapine is officially listed in the 

International monogram and the recommended method of assay was HPLC. 

Method I:  UV-measurement at 290 nm;  

Method II: Sodium nitropruside and hydroxylamine was first reacted with nevirapine to form 

a derivative that absorbed at 440 nm;  

Method III: Nevirapine was reacted with citric acid-acetic anhydride to form another 

derivative that absorbed at 360 nm. 
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 Recovery experiments gave the following results:  

 Method I: Recovery was 100.5 ±1.66 % [Regression equation: A290 = 0.013+  

0.017x; Regression coef.0.9961. Molar absorptivity  =     6063.83 l mol
-1

 cm
-1

 

 Method II: Recovery was 101.901 ± 2.03 %  [regression equation: A440  = 0.027 + 

1.168x; Regression coef. 0.9972. Molar absorptivity  =   205,000 l mol
-1

 cm
-1

 

 Method III: Recovery was 100.6 ± 0.96 % [Regression equation: A360  =  0.0093  +  

1.139x; Regression coef. 0.9981. Molar absorptivity  =  285,000 l mol
-1

 cm
-1

 

If molar absorptivity is a measure of intensity of absorption, then  reaction with acetic 

anhydride-citric acid (Method III) was the most sensitive. 

 Several other non-official techniques have been reported (Minziz and Ngaimisi, 2010; 

Hamrapurka et al. 2010;  Prasada et al., 2011). The beauty of these procedures and the high 

recovery rates lies in the simplicity and sensitivity, the design which can be used rapidly  in 

field evaluations and screening 

 

3.5.7.    Assay of Acyclovir. 

Chemical structure. 

   

HO

H2N

O

 

Name:  9-[(2-hydroxyethoxy)methyl] guanine 

Acyclovir is a purine based analog of guanine nucleotide that is the drug of choice in the 

treatment of Herpes simplex viruses (HSV), varicella zoster virus (VZV), Epstein-Barr virus 

(EBV) and human herpes virus-6 (HHV-6). It inhibits DNA polymerase by acting as a 

pseudo-substrate for the enzyme (O'Brien & Campoli-Richards, 1989). The British 

Pharmacopoeia (2005) specifies assay in the UV-spectrophotometry for its analysis. 

The assay procedure we developed involves reacting acyclovir with ninhydrin and ascorbic 

acid at pH 5.0 (Ajima & Onah, 2015). The mechanism of ninhydrin reaction is typical. 

 A purple colour characteristic of ninhydrin oxidizing an amino group was observed and has 

an absorption maximum of 540 nm. All the analytical parameters investigated were validated 

by official protocol. The recovery values of different brands of acyclovir obtained from the 

open market ranged from 96.45 % to 102.09 %. The attraction of this new technique is its 

cost-effectiveness, accuracy and high sensitivity. 
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A number of unofficial techniques have been reported, notwithstanding, the official method 

in the literature ( Dubhashi & Vavia, 2000; Yeh et al. 2006; Yu & Xiang, 2008).  

 

3.5.8.  Analysis  of Diphenyhydramine hydrochloride. 

Chemical structure. 

    

CH O CH2CH2
N

CH3

CH3

 

Name:  2-diphenylmethoxy-N,N-dimethylethanolamine. 

Diphenyhydramine is primarily used as an anti-tussive agent in cough preparations. Its 

principal beneficial side-efects include antihistaminic activity (H1-receptor antagonist), 

sedative, antiemetic and anticholinergic properties. While the British Pharmacopoeia 

prescribes titrimetric technique, the US Pharmacopoeia stipulated liquid chromatography. 

Several unofficial methods have again been described in the literature (Frag et al., 2011; 

Orkoula et al. 2006; Dong et al., 2005). 

Generally, analysis involving syrup formulations are more difficult to carry out because of 

the need to perform preliminary work-up on the system. This investigation (Ajima et al. 

20016) has by- passed the preliminary handling by forming an ion-pair complex between 

diphenylhydramine hydrochloride with methyl orange at pH 3.0 (phthalate buffer). The ion-

pair complex was extracted into chloroform and has absorption maximum of 420 nm.. All 

parameters were fully validated. Five commercial drugs obtained openly from Pharmacy 

shops in the city of Jos gave a recovery range of between 99.47 ± 0,11 % and 104.82 ± 0.51 

%.   

3.5.9.    Quantitative Assay of Ciprofloxacin. 

Chemical structure. 

   

CO2H

 

Name:  1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-quinoline-carboxylic acid. 



30 
 

30 
 

Ciprofloxacin is a fluoroquinolone with a broad spectrum antibiotic activity. It inhibits two 

very important bacteria enzymes, i.e. DNA-gyrase and DNA-topoisomerase IV which results 

in degradation of chromosomal DNA, thus killing off cell division and gene expression 

(Drlica and Zhao, 1997; Andersson and MacGowan, 2003).  

The USP recommends liquid chromatography as the official method of assay while the 

International Pharmacopoeia prescribes non-aqueous titrimetric method.  

The development of ion-pair complexation followed by spectrophotometric assay (Ajima  et 

al 2015) which we have reported is a new addition that is very sensitive, rapid, cost-effective, 

suitable for even field work. The measured parameters were fully validated.  

 The complex showed an absorption maximum at 514 nm.  

 The molar absorptivity of 65,491.02 l mol
-1

 is indicative of  high sensitivity. 

 Quantitative assay of five commercial brands of ciprofloxacin varied between 100.00 

± 0.42 % and 105.40 ± 0.32 %.  

 These figures are not significantly different from those of pharmacopoeia methods 

except for the simplicity. 

In the scientific literature, several non-official methods have been described ( Vella et al., 

2015;  Uslu et al. 2010). Most of the reports require sophisticated equipment that are not 

readily available in uncertified laboratories and even resource-poor laboratories.    

 

3.5.10.   Analysis of Azithromycin Microlide 

Chemical structure. 

   

CH3

OH
CH3

OH

C2H5

CH3

NHMe

OR

H3C

HO

N(R2)

H3C

H3C

H3C

H3C

 

Name: (2R,35,4R,5R,8R,10R,135,14R)-13-[(2,6-dideoxy-3-c-methyl-3-0-methyl-α-L-ribo-

hexopyranosyl)oxy]-2-ethyl-3,4-10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[(3,4,6-

trideoxy-3-(dimethyl-1-amino)-β-D-xyl-hexopyranosyl)oxy]-1-oxa-6-azacyclopentadecan-

15-one (Lode, et al.,1996). 
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Azithromycin is a derivative of erythromycin and it's a microlide antibiotic.  

It binds specifically to 50S ribosomal subunit in the nucleus of the bacteria cell, thus 

inhibiting RNA-dependent protein synthesis. Azithromycin is suitable for the treatment of 

chronic obstructive pulmonary disease, asthma and pneumonia (Zuckerman, 2004). 

In our study (Ajima et al. 2015) colourimetric method involving ion-pair complexation with 

methyl orange indicator at pH 2.0 (phthalate buffer) was extracted into butanone.  

 Absorption maximum was found to be 422 nm.  

 Confirmation of label claims on commercial tablets were carried out by recovery 

technique which ranged from 95.60 ±0.096 % and 104.101 ± 0.03 %.  

 Molar absorptivity of 61,003.66 l mol-1 cm-1 suggest high sensitivity of the method. 

 Certainly, this method can effectively compliment the official methods, especially in 

resource-constrained laboratories. 

The British pharmacopoeia prescribes liquid chromatography as its official method. 

Unofficial methods reported include NIR spaectrophotometry (Balanco et al.,2004); HPLC 

(Bahrami et al., 2005) and spectrofluorometry (Khashaba, 2002).  

 

4.0 CHARGE-TRANSFER  COMPLEXES (CTC) INVOLVING DRUG 

 MOLECULES AND PHARMACEUTICAL ANALYSIS. 

 Historically, it was observed early in science of chemistry that certain substances 

could combine to form some stable compounds, even though the mode of formation could not 

be explained on the basis of the traditional valence theory.  

In 1927, Pfeiffer, one of the leading Chemists of the time took special note of this 

phenomenon and observed that such new substances were always most stable in solutions and 

frequently coloured. He suggested that equilibrium with component molecules in solution 

was responsible for the stability and sustenance of the interaction, i.e. a reversible 

association. 

4.1 Inter-molecular or atomic forces. 

 As explained above, it appears that most molecules or atoms interact with each other through 

some kind of intermolecular forces and these forces are expected to be very small compared 

with intra-atomic forces like hydrogen bonding, covalent bonding, ionic bonding, 

electrostatic bonding, van der Waals bonding etc. Such associations could loosely be called 

complexes. 

These interactions ('complexes') are not very easy to describe and quantify, because they do 

not exactly fit the traditional concepts of dispersive, dipole-dipole, dipole-induced dipole or 

van der Waals forces. Sometimes these weak forces when combined can surprisingly be very 

strong. Charge-Transfer complexes are therefore formed from such informal associations. 
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4.2 Charge-transfer  Complexes (CTC).  

Empirical evidence have suggested that CT complexes are commonly formed between two 

(2) molecules such that one molecule serve as an electron donor (D) while the other serve as 

the acceptor (A). Complexes of this nature consisting of three (3) or more molecules have not 

been reported.  

CT interactions are induced by light i.e. photo-physical processes as explained before. CT 

interactions occurs between one molecule possessing electrons in its high occupied molecular 

orbital (HOMO), or donor,  that is in close proximity with another molecule that has an low 

but vacant unoccupied molecular orbital (LUMO), or acceptor. The energy required for this 

transfer is so low that even visible light can induce it. In the presence of light therefore, these 

electrons shuttles between the occupied and unoccupied orbitals, the accompanying energy 

being released as a monochromatic band of a particular wavelength.  

The diagram below illustrates this processes (Kemp, 1991). 

Donor

HOMO

Acceptor

LUMO

CT Complex MO

(a)

(b)

New, long lamda transitionE

 

Fig. 2 Electronic interaction between HOMO and LUMO orbitals 

The electronic absorption spectra that is usually considered characteristic of this kind of 

complexes are understood to be inter-molecular CT transitions. There is however no 

universally accepted description that adequately explains these interactions. Mulliken, 1952, 

1964) and Dewar and Thompson, 1966) had argued quite elaborately on this subject of 

donor-acceptor complexes. Weiss (1942)  attempted to explain the nature of donor-acceptor 

complexes when he suggested that the CT complex was essentially ionic in character, i.e. 

complete electron transfer. This explanation could not be accepted because the complexes 

were neither salts nor ionic / radicals and were not soluble in water. They could not form 

solid crystals. 

The CT complexes are molecules whose rate of formation and dissociations are high, so 

much so that the overall process appears to be spontaneous. Electron-acceptors may be of 

either σ- or π-type. Examples of σ-acceptors are HX (hydrogen halides), I2, Br2, ICI and ICN. 

π-Acceptors are the most common organic acceptor and the literature survey that will follow 

describe most of these reports. Examples of π acceptors include aromatic systems containing 
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electron withdrawing substituents such as nitro, cyano, halo, anhydrides, acid chlorides and 

quinones. Other π-acceptors such as 1,3,5-trinitrobenzene, p-benzoquinone, chloranil, 

chloranilic acid and picric acid (2,4,6-trinitrophenol) are similarly well known as CT 

complexing agents. On the other hand, examples of donors include aliphatic and aromatic 

amines, hydroxides, methoxy- and thio-compounds. 

It should however be pointed out that this classification is purely relative, as for example, a 

single specie might behave both as donor or acceptor depending on the environment or 

circumstance. Such examples include some benzene compounds that undergo self assembly 

or complexes and iodine.  

 4.3 Application of CTC in Pharmaceutical Analysis. 

 In 1949, Benesi and Hilderbrand reported that solutions containing an aromatic 

hydrocarbon and iodine exhibited an electronic absorption band that was not present in either 

molecules. Subsequently, it was observed that although one or more bands characteristic of a 

complex could be formed, it was possible that absorptions due to the components might still 

persist, even if in a subdued form. 

Interactions between strong donor and strong acceptors produce strong absorption spectra 

whose intensity is characteristic of the complex as whole. Associated wavelengths are usually 

longer for the complex than those of individual components making it possible for its 

application in pharmaceutical analysis.  

The intensity of absorption band of the complex is usually determined by the molar 

absorptivity at any absorption maximum. This phenomenon obeys Beer- Lambert Law as 

described previously and so form the basis of CT spectra to pharmaceutical analysis. 

4.4 Relationship between CT absorption and Beer-Lambert Law.  

It's conceivable that the interaction of a donor (D) with acceptor (A) could give rise to more 

than a single species or complexes in solution. The reported methods so far on the degree of 

association has made the reasonable assumption that only a single complex with a small 

stoichiometry was formed. In reports also, it was assumed that the activity coefficients of the 

species D, A and DA are all unity (Foster, 1969). Thus at equilibrium 

    Do + Ao ↔ DA 

so equilibrium constant  Ke
DA

  = [DA] / [Do][Ao]......................... Wq 1 

where [DA], [Ao] and [Do] represents equilibrium concentration of DA, Ao and Do.  

In the CT band, measurements are usually made in the visible region where D and A 

individually absorb very weakly if at all. If we consider an ideal situation in which the 

stoichiometry is 1 : 1 and the complex is formed, the equilibrium constant considering 

equation 1 above, will be 

Ke
DA 

= [DA] / [Do][Ao] = [DA] / [Do] - [DA][Ao - [DA]      ............Eq     2 



34 
 

34 
 

where [Do] and  [Ao] are free and DA is complex species, of concentrations of D and A 

respectively. When [DA] is very small compared to Do , then we can assume that [Do] and 

[Ao] in the denominator in equation 2  are not significantly affected. Therefore rearranging 

Eq 2, will give: 

[Ao] / [DA]     =    1 / Ke
DA  . 

1 / [Do]   +   [Ao] / [Do]   +   1   -   [DA] / [Do]          ...........Eq    3 

An important assumption made at this point is that, absorption band being measured is 

entirely due to DA species. 

If Beer's Law is obeyed, as expected, the absorbance A should be:  

A   =   ελ
DA

 . [DA]                                                                                                ............Eq      4 

where  ελ
DA 

 
 
is the extinction coefficient or molar absorptivity of DA at the particular λm. 

Equation 4 should remind us of the Beer-Lambert equation. This actually is the relationship 

between CT absorption bands and Beer-Lambert Law. 

From equations 3 and 4: 

[Ao] / A     =    1 / Ke
DA

. ελ
DA

   x
  
 1 / [Do]   +   [Ao] / [Do] ελ

DA
  +  1 / ελ

DA
 + 1 -  [DA] / 

ελ
DA

[Do]  .......Eq    5                                                                                                              

when [Do] ˃˃ [Ao] and [Do] and [Ao] are sufficiently low (of the order of 10
-3

 M), the 2nd 

and 4th terms  on the right side of equation 5 can safely be ignored. Therefore: 

[Ao] / A   =   1 / Ke
DA

. ελ
DA

  x 1/ [Do]    +   1 / ελ
DA

                                           ...............Eq    6 

Equation 6 is called the Benesi-Hildebrand equation (1949). Typical plots of this equation is 

represented below. 
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Fig. 3       Plots of 1 / [Do] Against [Ao] / A of EMT in Acetonitrile at Different Temperatures 

EMT = Emtricitabine   

If different concentrations of analyte are made in which [Do] ˃˃ [Ao], a plot of [Ao] / A vs 1 / 

[Do] will produce a linear graph in which 1 / ελ
DA

 is the intercept and the slope is 1 / Ke
DA

. 

ελ
DA

. From this equation, the equilibrium constant Ke
DA

 can be calculated. 

It is very important to note that this equation will not apply if the stoichiometry is anything 

but 1 : 1. Similarly, this equation will not apply if termolecular interactions such as ionisation 

and inner core (as exemplified by iodine complexes) of a complex is formed. 

Benesi-Hildebrand equation allows for extrapolation to higher concentrations however 

(Foster, 1969). 

Limitations to Benesi-Hildebrand equation have been discussed and modifications and 

rearrangements have been made to the formulation (Scott, 1955; Foster et al. 1953, Rose and 

Drago, 1959). Despite the variations, it was generally agreed that the concentration of one 

component, preferably, a donor should be present in large excess so that its concentration is 

virtually unchanged after the complex has been formed. 

4.5      Stoichiometry of  complexation (Jobs continuous variation plot).  

 The stoichiometry of complexation between D and A can be evaluated readily before any 

elaborate experimentations could be carried out. Usually equimolar concentrations of D and 

A are mixed in such a fashion that while the concentration ratio of one is decreasing, that of 

the other should be increasing (also called Job's continuous variation plot, fig.4). The 

mixtures are thoroughly mixed and absorbance read after some time. The plot of absorbance  
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against the volume ratios or molar ratios give a dumb-bell-shaped plot. If there are more than 

one peaks, that would suggests that tertiary complexes might have been formed or the 

components of the complex are individually showing significant absorption. A typical plot is 

illustrated in Figure 4 below. 

 

 

Fig. 4     Job's Continuous Variation Plots for Emtricitabine in Different Solvent Systems. 

 

4.6 My contributions to the application of CT absorption to quantitative 

 determinations of drugs through spectrophotmetry. 

In establishing the basis of spectrophotometric determinations described above (Beer- 

Lambert Law), which has already been explained, the principal element is the establishment 

of equilibrium constant in the Benesi-Hildebrand equation.  
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4.6.1 Simultaneous assay of Sulphadoxine and Pyrimethamine. 

Chemical structures. 

 

SO2NH

OMeMeO

H2N H2N

C2H7

Cl

NH2

Sulphdoxine Py rimethamine  

Names: Sulphadoxine [N
1
-(5,6-dimethoxypyrimidin-4yl-sulphanilamide] 

 Pyrimethamine [2,4-diamino-5 (5p-chlorophenyl)-6-ethylpyrimidine] 

Sulphadoxine  and pyrimethamine  at one time were the prime drugs in the treatment of 

malaria. They are both antifolates. This new technique of analysis is justified because of the 

massive appearance of fake and substandard drugs in the market, that demands  rapid 

screening before distribution to storage depots, retail outlets and then administration at the 

Pharmacy shops. 

The Authors (Onah & Odeiani, 2003) were unable to find any previously reported cases of 

simultaneous quantitative analysis of sulphdoxine-pyrimethamine combination. 

 Sulphdoxine and pyrimethamine complexes absorbs maximally at 500 nm and 520 

nm respectively.  

 Both obeyed Beer-Lambert Law.  

 Recovery experiments gave a percentage range of 94.78 ± RSD 3.85 % and 98.04 ± 

RSD 2.21 for four (4) brands of sulphadoxine and 93.75 ± RSD 0.89 % to 103 ± RSD 

1.04 % for pyrimethamine.  

 Regression equations for sulphdoxine was 0.00952 + 0.193x and regression 

coefficient of 0.9981  

 while that for pyrimethamine  is 0.00619  +   0.25x Regression coefficient was 

0.9943.  

 Molar absorptivity  for sulphdoxine and pyrimethamine were 10,504 and 16155 l mol
-

1
 cm

-1
 respectively. 

Plots of absorption maxima for sulphadoxine-pyrimethamine chloranilic acid complexes are 

show in Figure 5: 
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Fig.5. Absorption maxima for chloranilic acid (1), chloranilic acid-pyrimethamine (2) and 

chloranilic acid-sulphadoxine (3) 

The conceptualization of the interaction between sulphadoxine, pyrimethamine with 

chloranilic acid is illustrated as follows.  

 

SO2NH

OMeMeO

H2N H2N

C2H7

Cl

NH2

O

Cl

ClHO

OH

O
O

Cl

ClHO

OH

O

 

This visualization is applicable to other CT interactions reported. Molecular modelling of the 

interactions seem to support this picture (Adikwu and Onah, 2007). See fig.9 

Reports on sulphdoxine and pyrimethamine conducted individually have been presented (Rao 

et al. 1989; Parimo, 1988; Sastry et el. 1994; Green et al. 1995). 
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The sensitivity, accuracy, and simplicity is obviously an advantage over the pharmacopoeia  

methods. This technique is suitable for use by resource-poor laboratories.  

4.6.2. Assay of Procainamide.Tablets 

Chemical structure. 

  

H2N CO.NH.CH2CH2N(Et)2

Procainamide  

Name:  [N-2-diethyl-(aminoethyl)-p-aminobenzzamide 

Procainamide is the preferred drug in the treatment of cardiac arrythmias.  

This drug was quantitatively determined by spectrophotometric method using chloranilic acid 

as a complexing agent (Onah & Datukus,2004).  The technique designed has produced results 

that compare favourably with the pharmacopoeia methods and yet simple to execute. A 

mixture of chloranilic acid and procainamide spontaneously formed a purple colour that 

absorbed maximally at 520 nm.  

 Recovery experiments showed 98.0 ±RSD 0.76 % as compared to 95.0 ± RSD 0.62 % 

by the pharmacopoeia method of nitrite titration.  

 Molar absorptiviy was 5797 l mol
-1

 cm
-1

 

 The following mathematical equation satisfied all conditional requirements for a 

successful evaluation. 

A520 = 0.00952  +   0.193x, regression coefficient = 0.9971 

 

The new technique shows higher sensitivity, simplicity and accuracy than the Pharmacopoeia 

method..  

4.6.3.  Quantitative analysis of Amitriptyline (Onah, 2005). 

Chemical structure. 

   CHCH2CH2NH(Me)2 

Name: 3-(10,11-dihydro-5H-dibenzo-[a,d]-cyclohepty-5-ylidene)-propyldiemthylammonium 

chloride 
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Amitriptyline is an antidepressant drug. Like many other drugs in an unregulated market, its 

adulterated forms are abundant in the market. Charge-transfer inter-reaction with chloranilic 

acid was investigated to validate some brands in the market. 

 Amitripyline/ chloranilic acid complex absorbed maximally at 520 nm and the colour 

was formed spontaneously and remained stable for more than 10 hr.  

 Label claims were verified by recovery experiments. The values for three (3) different 

brands averaged (97.8 ± RSD 0.81 %; 98.7 ± RSD 0.75 % and 98.3 ± RSD0.88 %). 

 Pharmacopoeia method gave the following corresponding value (95.5 ± RSD 2.98 %; 

96.1 ± RSD 2.15 % and 95.15 ± 3.05 %).  

 Clearly this new technique has proved more accurate and sensitive than the Official 

method.  

 A mathematical model equation was developed and represented as follows: A520 = 

0.00215  +  2.143 x 10-4x with a regression coefficient of 0.9995.  

 Molar absorptivity was determined to be 4666l mol
-1

 cm
-1

. 

 

4.6.4.  Simultaneous Quantitative Analysis of Tenofovir disoproxil and Emtricitabine in 

 different solvent media. 

Chemical structures. 

 

 

F

H2N O

OH

Emtricitabine  

Their quality control assay protocol has not appeared in the Pharmacopoeias, not even the 

WHO International Pharmacopoeia/monographs. Tenofovir disoproxil and emtricitabine are 

co-formulated (Truvada) and therefore we developed simultaneous assay procedure for them. 

This report is the first of its kind (Onah et al 2013) as far as literature sources are concerned. 

Both drugs forms purple colour with chloranilic acid in different solvent media. The profiles 

are shown in the tables 6 and 7.  
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Table 6. Recovery Experiments of Tenofovir disproxil in different solvent media 

Parameters Ethanol Acetonitrile Ethyl acetate Hexane Chloroform 

Abs Max 

(λm) 

525 nm 500 nm 505 nm 515 nm 510 nm 

LOD 1.1 μg 1.0 μg 1.2 μg 1.0 μg 1.1 μg 

LOQ 15.0 μg 15.5 μg 18.0 μg 5.6 μg 7.5 μg 

Regr Eq y=1.244x+ 0 Y= 1.529x+0 Y=1.05x+0 Y=3.66x+0 Y=2.3x+0 

Corr. coeff 0.9992 0.9995 0.9969 0.9888 0.9981 

Molar 

Absorp 

3573.5 lmol
-1 

 

cm
-1

 

4436.37 l 

mol
-1

 cm
-1

 

3104.41 

lmol
-1

 cm
-1

 

1133.70 l 

mol
-1

 cm
-1

 

6352 l mol
-1

 

cm
-1

 

% Recovery 97.89±1.21 101.19±1.51 96.55±0.75 99.93±0.15 99.11±0.34 

 

 

Table 7. Recovery Experiments of emtricitabine in different solvent media. 

Parameters Ethanol Acetonitrile Ethyl acetate Hexane Chloroform 

Abs max 

(λm) 

510 nm 515 nm 520 nm 530 nm 505 nm 

LOD 1.10 μg 1.7 μg 2.1 μg 2.0 μg 1.1 μg 

LOQ 15.0 μg 22.0 μg 20.0 μg 15.0 μg 12.5 μg 

Regr Eq Y=1.671x +0 Y=2.86x+0 Y=2.86x+0 Y=2.86x+0 Y=2.86x+0 

Corr. coeff 0.9999 0.9998 0.9998 0.0.9999 0.9999 

Molar 

Absorp 

4112.42 l 

mol-1 cm-1 

4318.45 l 

mol-1 cm-1 

2851.09 l 

mol-1 cm-1 

7038.09 

lmol-1 cm-1 

9444.56 l 

mol-1 cm-1 

% Recovery 98.92±1.45 100.47±1.13 97.06±0.85 97.97±1.63 99.81±0.94 

 

The technique was fully validated in both situations and have corresponding  satisfactory 

model equations.  

4.6.5. Charge-transfer complexation adapted for chromatographic TLC detections. 

 The selective absorption of different donor species on chromatographic stationary phase 

containing electron acceptors has been explained on the principle of contact charges and 

therefore can be used to estimate the degree of association. TLC using silica gel impregnated 

with TNF has been employed to separate various hydrocarbon compounds derived from 

phenanthrene, anthracene and chrysene (Foster 1969). Similar separations have been reported 

using silica gel impregnated with 1,3,5-trinitrobenzene or picric acid. Picric acid can also 

serve as colour indicator in the column separation process. 

In our laboratory, silica gel with fluorescence was used to detect commonly dispensed drugs 

that are also susceptible to faking as a way of identifying fake formulations (Onah, 1999)   
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Just as π-donor and π-acceptors have been developed for quantitative analysis, as presented 

above, the same principle has been adapted for detection of π- donors on thin-layer-

chromatographic plates. The following drugs were investigated using chloranil as the π-

acceptor: 

 pyrizimanide (MeOH : H2O; 19 : 1; purple; Rf = 0.78;  stable for 5 min) 

 Rifampicin (Benzene : MeOH; 2 : 1; purple; Rf = 0.53; stable for 30 min) 

 Methoclopromide (BuOH : AcOH : H2O; 4 ! : 1;  biege; Rf = 0.35; stable for5 min) 

 Chloroquine (BuOH : AcOH : H2O; 4 : 1 : 1: green; Rf = 0.33; stable for 10 min) 

 Chlorpheniramine (Benzene : MeOH; 2 : 1; blue; Rf = 0.51; stable for 60 min) 

 Trimethoprim (Benzene : MeOH; 2 : 1; pink; Rf = 0.57; stable for 30 min) 

 Sulphamethoxazole (Benzene : MeOH; 2 : 1; pink; Rf = 0.62; stable for 35 min 

 Pyrimethamine (Benzene : MeOH; 2 : 1; green; Rf = 0.57; stable for 25 min) 

 Paracetamol (MeOH : H2O; 2 : 1; purple; Rf  = 0.64; stable for 35 min) 

 Sulphadoxine (BuOH : AcOH : H2O; 4 : 1 : 1; yellow; Rf = 0.69; stable for 10 min) 

 Ampicillin (BuOH : AcOH : H2O; 4 : 1 : 1; yellow; Rf = 0.15; stable for 5 min) 

 Cimetidine (BuOH : AcOH : H2O; 4 : 1 : 1; green; Rf = 0.69; stable for 10 min) 

 It's rapid and sensitive and suitable for field work. Similar reports have been presented by 

Adikwu and Echegi (1997) and Agarwal and El Sayed MAH,   (1981). In fact, advanced 

instrument electronic have made it possible to determine the quantities of drugs on TLC 

plate. 

4.6.6. Character of Charge-transfer Complexes in Solution 

When an organic charge-transfer complex is in solution of low ionizing power, there is no 

transfer of charge in its ground state. In such situations the complex appears to exist almost 

entirely as an isolated donor-acceptor pair. This is the true character of charge-transfer 

complexes. This is  when we can genuinely speak about the stoichiometry of 1:1. This 

contrasts with charge-transfer complexes in solid state ( in rare cases) when there can be no 

stoichiometry of 1:1 because of neighbouring π-acceptors or donors (Foster. 1969).   

The position of iodine (I2) in charge transfer studies as reported severally in the literature ( 

Al-Badr et al. 2013; Saleh et al. 2001; Salem, 2008) need special attention. Iodine can behave 

both as n-electron donor as well as n-electron acceptor. The interaction with an acceptor can 

lead to the formation of an inner core of complexation and the outer sphere of charge 

(termolecular structure), i.e.    

 D + I2 ↔ DI
-
.... I3

-
 ↔ [ D-I

+
I

-
]  + I

-
 ↔ I3

-
 

     (outer complex) (Inner complex) 

 It becomes difficult to establish a stoichiometry of 1:1 in a situation of inner core and outer 

sphere associations. A stoichiometry of 1:1 is a condition for the accurate determination of 

equilibrium constant Ke and its application in Benesi-Hidelbrand equation. Estimation of 

thermodynamic parameters of iodine complexes on the basis of this faulty formulation will 
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lead to gross inaccuracies. It's my candid view that iodine in charge-transfer interaction 

should mathematically be treated differently from other molecules because it does not fit the 

Benesi-Hildelbrand formulation accurately. 

In a similar report (Ofokansi et. al. 2013) claimed complete ionization of the donor (D)- 

acceptor (A) complex even in  chloroform / 1,4-dioxan solvent mixture, both of which have 

low dielectric constants i.e. 

   D + A ↔ (D-A) ↔ D
+
    +    A

-
 

This assumption again cannot be correct because the absorption band being measured should 

entirely be due to DA specie and not  D
+
  +  A

-
  pair ions. The dielectric constants of 

these solvents cannot possibly cause complete ionization to occur. 

The stoichiometry of 1:1 is a fundamental requirement for the calculation of equilibrium 

constant and use of Benesi-Hildebrand equation. Ofokansi et al. (2013) again reported that 

the stoichiometry of association was 2:1 and still went on to apply the Benesi-Hildebrand 

equation without modification, indicating that the association constant derived cannot be 

correct, so also the calculated values of the other thermodynamic parameters. 

Literature reports (Saleh et al. 2001; Salama et al. 2011; Hassan et al 2013.) have indicated 

that acetonitrile induces full charge formation between the donor and acceptor. This 

conclusion might not be valid because the dipole moment within pure acetonitrile is not 

strong enough to induce a full transfer of electrons from the donor (solvolysis would be very 

low). It was similarly reported that colour intensity and molar absorptivities were higher in 

acetonitrile solvent.  Onah et al. (2013) made similar observation when tenofovir desoproxil 

and emtricitabine were complexed with chloranilic acid in acetonitrile solvent. The 

explanation for this observation was that molecular orbital of acetonitrile (with two π-orbital 

electrons and additional lone pair of electrons on the N-atom) could serve as an π-electron 

donor towards the acceptor (chloranilic acid), suggesting that the molar absorptivity is 

actually due to the combination of the solvent acting as donor as well as emtricitabine also 

acting as donor-acceptor. This probably is the reason for the multiple absorption peaks and 

high intensity when acetonitrile solvent was used (Darwish 2005). 

If solvents of high ionizing power are used, the non-ionized specie will become ionized. The 

driving force will come from solvation of the molecules. Such situations result in ion-pair 

complexation instead of the classical donor-acceptor complexes that is typical of charge-

transfer complexations.  In non-ionizing solvents, one single broad maxima is usually 

observed. This observation has been accepted as evidence that these bands are due to 

intermolecular charge-transfer transitions (Foster,1969).  

This Author has observed this broad maxima in nearly all the π- donor/ π-acceptor complexes  

in inert solvent like chloroform. An illustration is shown Figure7. 
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Fig.7 Influence of solvents like ethanol, acetonitrile, ethyl-acetate, chloroform and hexane 

on absorption maxima are shown in the above diagram for Tenofovir desoproxil fumarate / 

CA complex. 

A careful observation of the plot above indicates that the relatively more polar solvents like 

ethanol and chloroform shows shoulders that may be due to solvation effect on the donor 

molecule. Acetonitrile has the sharpest peak suggesting the involvement of the solvent 

molecules in the charge transfer processes. The absorption peak for hexane is the weakest 

suggesting that slow movement of electrons between the donor and acceptor exist. Ethyl 

acetate exhibit a similar peak to that of acetonitrile. By way of conclusion, it would appear 

reasonable to suggest that the best solvents for charge-transfer studies should be hexane 

followed by ethyl acetate even though the band intensities appear low. 

It was our observation from the numerous studies carried out on charge-transfers that the 

absorption maximum for any pair of donor-acceptor complex depends of the solvent used,  

the chemical structure and stereochemistry of the donor molecule ( Subhani et al. 2000; Onah 

et al. 2013). Since absorption maximum for most of the π-donor and π-acceptor range 

between 420nm and 550 nm, it follows that the energy of transition during CT exchanges 

require an energy of between 20,540 KJ / Mol  and 26,900 KJ / Mol. It's not surprising that 

CT interactions are light induced and spontaneous.  
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4.6.7 Significance of Equilibrium Constant. 

A large number of equilibrium constants of organic charge-transfer complexes under 

different conditions have been reported in the literature (Foster, 1969.). The methodologies 

adapted in these measurements have left so much doubt as to the accuracy of the values of the 

equilibrium constants. However, spectrophotometric techniques appears to elicit more 

confidence in the values ( Adikwu et al 1998; Onah & Odeiani, 2002; Onah 2004; Mizyed et 

al. 2009.). This can be explained by the fact that absorption due to [DA] might appear in the 

visible region, so even if [D] and [A] absorb, which might be in the uv-region, interference 

cannot moderate that of [DA]. While the values of equilibrium constants in CT experiments 

might have some limitations under a set of conditions, they represent  an estimation that are 

reasonable and tolerable.  

One of such limitations is the nature of solvent. There should be little reservation about how 

the solvent influences the equilibrium value because the dynamic equilibrium summarizes the 

equilibrium conditions of the complex [DA] and the individual components [D] and [A]. It's 

important to emphasize that [D] component must be present in excess so that its 

concentration must remain virtually unaltered after the complex might have been formed.   

Solubility of some of the acceptors might also be an issue, therefore it was not surprising that 

in some reports (Ofokansi et al. 2013; Mizyed et al. 2009) mixtures of solvents were used. 

The outcomes in such situations require further explanation and mathematical treatment. 

If the solvent molecules exhibits the ability to donate or accept electrons in the presence of 

[D] and [A], e.g. toluidine, acetonitrile, the thermodynamic constants will become more 

complicated. The reported situation of acetonitrile with its inner-core formation is a case in 

point (Huidrom & Singh, 2013). 

The accurate determination of equilibrium constants is the necessary requirement for the 

accurate determination of Gibbs' free energy, enthalpy and entropy. 

The Table 8, below summarises the values of equilibrium constants obtained graphically 

using the Benesi-Hildebrand equation elaborated earlier. A typical plot of 1 / [Do] against 

[Ao] / [A]  was presented earlier. 
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Table 8. Graphical values of Equilibrium constants generated at different temperatures: 

Donor = emtricitabine; Acceptor = chloranilic acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solvent Temperature K Ke
DA

 

Ethanol 303 396.6457 

313 668.2105 

Acetonitrile 303 7.4150 

313 10.4853 

Ethyl acetate 303 96.6411 

313 54.6609 

Hexane 303 165.5194 

313 210.3521 

Chloroform 303 598.6590 

313 326.5315 
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4.6.8. Effect of temperature on equilibrium constant. 

  It's now an old cliché that as the temperature of a chemical reaction increases, the 

association constant decreases. This, I suppose is easy to appreciate, however in liquid 

systems, increasing the temperature can inadvertently introduce new conditions like  changes 

to the structure of the solvent. Table 8 above have shown the equilibrium constant increased 

with temperature in respect of ethanol ( temperature was extended to 70
o
C) but with ethyl 

acetate there was a sharp decrease. With hexane, the equilibrium constant was found to be 

eractic with increases in temperature up to 70
o
C. This suggest that the solvent was affected by 

the temperature. CT interactions probably failed to stabilize at this high temperatures since 

the overall reaction even at ambient temperature was exothermic.   

4.6.9 Dependence of Enthalpies and Entropies on Equilibrium Constants.  

Unlike equilibrium constants in CT complexes that have been investigated extensively, the 

same cannot be said of enthalpy (∆H) and entropy (∆S) changes. These terms will represent 

the stability of the species in the system. Empirically speaking, a fairly large number of 

determinations of ∆H and ∆S are based on the values of Kc
DA

 in spite of the limitations to the 

accuracy of Kc
DA

. When optical techniques are used for the determinations of these terms, 

difficulties come about in the separation of Kc
DA

 from the molar absorptivity coefficient. 

(Molar absorptivity, ε
DA

,  in the Benesi-Hildebrand equation). Since ε
DA

 has a relatively small 

temperature coefficient,  it is possible to obtain estimates of ∆H from temperature variations 

of the total term Kc
DA

 ε
DA

. Indeed, conducting the investigations of ∆H and ∆S
 
by graphical 

means has now become the rule rather than the exception. 

 During our investigations, the Gibbs free energy ∆G, enthalpy ∆H and entropy ∆S were 

calculated from the following well established equations: 

∆G = -2.303RTlog Ke     ..................................eq 6 

log Ke
DA

 =  -∆H / 2.303 RT + constant       .................................. eq 7 

∆G = -∆H - ∆S      ..................................eq 8 

The enthalpy of the reaction was obtained by plotting log Ke
DA

 against the reciprocal of 

temperature. A typical plot of log Ke
DA 

vs 1 / T
o
K is shown in Fig 8. 
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The Table 9:  Selected values of the effect of temperature on thermodynamic parameters 

obtained from plotting log Ke
DA

 against 1 / T. 

Solvent Temperature 

K 

∆G KJ/Mol ∆H KJ/Mol ∆S KJ/Mol 

Ethanol 303 14.5772 -38.5041 -0.1752 

313 16.3889 - -0.1754 

Acetonitrile 303 4.8814 -25.5862 -0.1006 

313 5.9212 - -0.1007 

Ethyl acetate 303 11.1369 -42.0609 -0.1756 

 313 10.0812 - -0.1666 

Hexane 303 12.4429 -17.6974 -0.0995 

313 13.4767 - -0.0096 

Chloroform 303 15.5802 -44.7455 -0.1991 

313 14.5848 - -0.1296 

 

The alternative approach to the calculation of ∆H utilizes the Arrhenius equation: 

2.303log K2
DA

 / K1
DA

  = ∆H / R (T2 -T1 / T1T2) 

In the investigations carried out in our laboratory, graphical method of determining ∆H 

proved less accurate than the Arrhenius equation where equilibrium constants were 

determined only at two different temperatures points. The inaccuracy in the graphical method 

compared with the use of Arrhenius equation can be understood because the plots represents 

the totality of the variables inherent in the number of points and so linearity was 

unpredictable. A typical plot of log Ke
DA

 versus reciprocal of temperature is  shown below 

(Fig.8)..  
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Fig 8.  Plot of Log Ke of sulphadoxine (1) and pyrimethamine (3) complexes with chloranilic 

acid against 1 / T K (-1). Seriel 2 and 4 are experimental points. 

The Table 10, below illustrates some values. 
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Table 10.  Physico-chemical properties of some tenoforvir desoproxate/ CA compexes at 

different temperatures and solvent systems. 

Physicochemical parameters 

Temperature (
o
K)               Ke                  ∆G (KJ/Mol)                ∆H (KJ/Mol                 ∆S 

(KJ/Mol 

Tenoforvir - CA Complex 

                                                                        ETHANOL 

303                                              -                     10.364                           -                          -0.0919 

313                                         52.358                10.302                       -17.473                    -0.0887 

323                                          63.185                11.135                      -                              -0.8861 

333                                          81.344                12.181                                                      -0.0891 

                                                                       CHLOROFORM 

303                                          68.8042               10.6609                         -                      -0.07001     

313                                          66.1785               10.9116                        -10.5329           -0.0586 

323                                          77.5053                11.6546                        -                       -0.0689 

333                                          94.8238                12.6847                         -                       -0.0695 

                                                                          HEXANE 

303                                         148.4108                12.5979                         -                      -0.3637 

313                                          638.4065                16.8109                       -97.6159          -0.3656 

323                                          413.7992                16.1835                         -                     -0.3523 

333                                          170.0495                 14.2221                        -                     -0.3358 

 

On the basis of these physico-chemical data, it was concluded that the 

 charge-transfer interactions are exothermic in nature.  

 complexes are reasonably stableat near ambient temperatures 

 no tertiary complexes were observed 

 ∆H vary significantly with the polarity of the solvent 

 high temperatures did not appear to significantly alter the behaviour of the solvent. 
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4.6.10.  Modelling the physical interactions between donors and acceptors. 

The photo-physical processes that give rise to CTC is different from the Jablonski model 

explained earlier in this presentation. Thermodynamic parameters (∆G, ∆H and ∆S) are all 

generated because of presumed physical interactions and the equilibrium constant of 

formation of the complex. It's against this background that we (Adikwu and Onah, 2007)  

tried to model the nature of interaction between ampicillin and chloranil, to establish the most 

favourable overlap that would yield the most stable complex. 

A limited number of reports has appeared in the literature concerning the computational 

modelling of CTC interactions. More recently, Adikwu and Hoeltje (2001)   adapted a 

mechanistic modelling study of interaction between chloranil and promethazine. Similar 

report by Pedersen et al., (1994) have been presented with the presumption of a diradical 

nature of the interaction. 

In the report of Adikwu and Onah, (2007), the quantum mechanical and semi-empirical 

approach was applied to the interaction between chloranil and ampicillin. using SYBYL 6.5 

program software and employing Silicon Graphic Impact 1000 workstation. The molecules of 

chloranil and ampicillin were sketched using the BUILD / EDIT module of the SYBYL. The 

Geometry was optimized using MAXIMIN of the same SYBYL software and PM3 

Molecular orbital package (MOPAC). 

Properties of the complexes calculated were: 

 molecular orbitals 

 dipole moment 

 electrostatic charges 

 ionization potential and  

 heat of formation 

The surface energies for the highest occupied molecular orbitals (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) were computed at medium resolutions. The stability 

of the complexes were assessed by molecular dynamics stimulation (mds) in a pre-computed 

"solvent box". 

 On the basis of data gained from the above measurements, three possible interactions were 

postulated: 

A. Chloranil was held in position of interaction by dispersive forces at a distance of 3 

 Anstroms from each other, i.e. complex A (see fig.9A) 

B the second possibility is that chloranil forms a complex with the aromatic ring of 

 ampicillin, i.e. complex B (see fig. 9 B) 
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C The third scenario is where protonated ampicillin form a complex with chloranil, i.e. 

 complex C (see fig. 9 C). 

 

Fig. 9 A & B 

 

 



53 
 

53 
 

 

 

Fig.9 C 
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Table 11 The various MOPAC (PM3) parameters calculated for the three complexes.  

Parameters A complex B complex C comples 

Heat of formation (Kcals/mol 192.45 -246.47 -233.15 

Ionization potential (eV) 9.44 4.19 0.98 

Dipole moment (Debye) 4.58 5.47 3.37 

HOMO energy (eV) 9.00 -10.07 -2.19 

LUMO energy (eV) 2.63 4.04 8.46 

Energy of stabilization (∆E, 

Kcal/mol.) 

 -143.17 -197.19 -183.9 

Energy of solvation 

(Kcal/mol) 

34.42 44.71 -178.84 

Energy of dipole stabilization 

(Kcal/mol) 

-98.10 139.84 -55.43 

 

 

Based on the heat of formation of the possible complexes, the HOMO and LUMO energies, 

it's now possible to predict the best mode of interactions in both protic and non-protic 

solvents. In this investigation, complex B appears to be the most probable. Furthermore, if 

this theoretical study is extended to other types of donor-acceptor interactions (σ-donor/σ- 

acceptor; σ-donor/π- acceptor and π-donor/π- acceptor), such data will help to differentiate 

the species in solution and will contribute to refining the concentrations of each component 

that is contributing to colour formation and more accurately the thermodynamic values. 
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4.6.11 Energies Associated with CT Spectra as selected from the literature. 

Table 12. Energies Associated with CT Spectra as selected from the literature. 

Donor-Acceptor Couple   λm Energy 

E 

Reference 

Sulphadoxine/ Chloranilic acid 

(CA) 

(π /π) 

500 nm 239.532

5 

KJ/mol 

Onah & Odeiani, 2002 

Pyrimethamine/CA (π/π ) 520 nm 230.319

7 

KJ/Mol 

Onah & Odeiani, 2002 

Amitriptyline / CA   (π/π ) 520 nm 230.319

7KJ/Mol 

Onah (2004) 

Procainamide / CA  (π/π ) 520 nm 230.319

7 

KJ/Mol 

Onah & Datukus, 2004 

Metronidazole deriv/ CA (π/π ) 440 nm 272.196

0KJ/Mol
 

Onah, 2004 

Tenofovir Desoproxil/Picric 

acid(π/π ) 

465 nm 257.561

8 

KJ/Mol 

Onah & Ajima, 2011 

Tenofovir Desoproxil/CA (π/π) 550 nm 217.756

8 

KJ/Mol 

Onah & Ajima, 2011 

Moclobemide/CA (n/π) 526 nm 227.692

5 

KJ/Mol 

Adikwu et al. 1998 

Promethazine HCl/CA (n/π) 500 nm 239.532

5 

KJ/Mol 

Adikwu et al 1998 

 Loratadine / CA  (n/π)   440 nm 272.196

0 

KJ/Mol 

Ofokansi & Uzor, 2013 

Calix[4]crown / I2  (n/σ) 370 nm 323.412

4KJ/Mol 

Mizyed et al. 2005 

Bambuterol /TCNQ  (n/π) 842 nm 142.240

2KJ/Mol 

Hassan et al. , 2013 

Bambuterol / DDQ  (n /π) 461 nm 259.796

6KJ/Mol 

Hassan et al. 2013 

G abapentin / I2  (n/σ) 360 nm 332.684

1KJ/Mol 

Salem, 2005 

Azelastine/CA  (n/π) 520 nm 230.319

7 

KJ/Mol 

Salama et al. 2011 
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The energies of CT spectra shown in the table above were calculated from the relationship 

 E  =  hν  = hc/ λ 

where h = Planks constant, ν  = frequency of radiation in Hz, c = velocity of light  and λ  = 

wavelength of absorption in meters. The frequency of light emissions that follow electronic 

shifts between HOMO and LUMO and the associated energies are shown in column 3. It can 

be observed that electronic shifts between π-donors and π-acceptors have the energies that 

range between 230.3197 and 272.1960 KJ/Mol (the commonest form of CT interaction), 

while n-donors-π-acceptor have slightly lower energies between 142.2402 and 272.1960 

KJ/Mol). The n-donors-σ-acceptors have the highest energies of between 323.4124 and 

332.6841 KJ/Mol and these occur less frequently. These n-donor-σ-donor interaction 

invariably involve Iodine molecules that are speculated to form inner-core outer-sphere ionic 

complexes. Iodine donor or as acceptor does not strictly conform to the Bennesi-Hilderbrand 

formulation. From these energy profiles, it's still difficult to define the character of charge-

transfer complexes, which was the basic challenge in formulating the all important Benesi-

Hildebrand equation. 

It can be concluded that CT interactions are relatively low energy processes. The slight 

differences in their energies can reasonably be related to their conformations (planarity) of 

the donors relative to acceptors, since such molecules must come close to overlapping each 

other for electronic shuttle to take place. In the cases of n-donors to σ-donors, the high energy 

requirement supports ionic inner- and outer-core concept.  

4.6.11 Biological Significance of CT phenomenon: 

Charge transfer complexes also occur in biological systems, particularly in the areas of  drug-

receptor interactions,i.e. can be used to investigate the topography of the receptor surface; 

drug-drug interaction and in transport of polar substances across membranes.  

  

5.0 Other Applications of CT Complexes in Organic Chemistry. 

 Formation of derivatives for the purposes of identification and separation 

 The possible creation  of solid CT complexes and its' use in X-ray structure 

determinations 

 Molecular weight determinations 

 CT complex formation in chromatographic separations such as resolution of 

stereoisomers  

   Estimation of solvent polarity / dielectric constant 

 Estimation of ionization potentials, electron affinities and Huckel coefficients of 

molecules. 

 Investigation of drug-receptor topography. 



57 
 

57 
 

6.0 CONCLUSION. 

 The design and formulation of pharmaceutical drugs remains the most esoteric among 

the consumer products because of the demand for the highest standard of control. 

 Every effort was put in place to make a pharmaceutical drug a perfect product but 

natural forces (environmental) would have none of that, so it fouls up our supreme 

effort.  

 Our "beautiful" drug would therefore have to be examined periodically for its' quality 

(quality control). 

 Detailed understanding of electronic spectra that exist between two or more molecules 

can be applied to determine the stability and life-span of any pharmaceutical drug. 

 The simplicity, sensitivity, robustness and reproducibility of spectrophotometry 

surpasses any other measurements prescribed even by the official Pharmacopoeias for 

these class of drug. 

 The technique is completely user friendly and can be adapted in resource constrained 

laboratories and hospitals.  

 The Benesi-Hildebrand equation requires further refinement.  

 Modelling of CT interactions appear to support the planarity requirement for the 

interacting species. 
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