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PROTOCOL

Mr. Chairman Sir, I salute you and your management tean, for the
opportunity of this inaugural lecture. My salute also goes to the
Chairman and members of the University Lecture series for their
offorts and sacritices to have this lecture hold today.

[ recall my first official invitation to attend ardlistentoan inaugural
lecture. That was when I was a Graduate Assistantat the University
of Ibadan. It was always an honour to be invited to the Trenchard
Hall. And every inaugural lecturer felt on top of the world.

For me today, this Celestine Onwulivi International Conference
Centre here in FUTO, epitomises the Trenchard Hall in fame and
importance. And 1 owe it to you all that T stand here today, as the
masquerade.

Having mentioned the name of Professor Celostine 0. E. Onwuliri,
let me quickly seize the opportunity 1o CXpress my heart-felt
condolences to the entire nation, the Federal University of
Technology, Owerrl in particular and to the family of Prof. COE
Onwuliri for his demise.

[ was already away on leave of absence when he was appointed as the
5" substantive Vice-Chancellor of this great University. And 1 was
still away when he concluded his term of office. But T am a living
witness that Prof. Onwuliri touched positively on lives, including the
lives of people who were away, like my humble self.

Prof. COE Onwuliri was an enigma, visibly appreciated, deeply
loved and generally respected. But G od sure loved him more.

In stepping forward today, 1 must say that T yearn to fulfil an
academic obligation. [ have not promised & cood lecture. But 1
promise to do my hest. And so, to all who will find the lecture either



horing or uninteresting or both, [ offer my unreserved apologies
alore hand and ask for your forgiveness,

The new WAGmob App for Chemistry, Organic Chemistry and
Biochemistry available in the Apple internet store defines
Chemistry as:

What happened during your breath? Look at the chemical
equation for respiration:

O,+4e +4H — 4 2H.0.

During the breath, you took in oxygen and that oxygen got
reduced to water by electrons and protons. This is the equstion
of life. It has vemained one of the world's most Important
reactions and we must appreciate that in giving man life, God
balanced this chemieal equation and has ever since, sustained
1%,

When the food we eat gets Involved, this equation of
respiration expands into-

CoHi20p + 60, =Bt 600, + 61,0

334y

Question : *“Whois the first Chemist

Even the Periodic Table of clements is arranged by nature in
an amazing manner. Let us Just take a look at how life is
affected by the elements of the periodic table, We can quickly
identity 5 broad groups:



Periodic Table and Life
ELEMENTS OF BIOLOGICAL RELEVANCE
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BULKBIOLOGICAL ELEMENTS

ESSENTIAL FORAWIDE RANGE W BACTERLA, PLANTS AND/OR ANIMALS

|

ESSENTIAL OR POSSIBLY ESSENTIAL FORRSOME SPECIES

-

USEDINMEDICINE ORI AGNOSTICS.

POISONOUS, DEPENDINGON DOSAGE.

(a) The bulk biological elements: includes metals and non-
metals
(b) Fssential for a wide range of bacteria, plants and or animals:

mostly in the first row of the transition elements and also

includes some non-metals




(¢ Essential or possibly essential for some species, like bacteria
Inocean beds.

(d) Used in medicine or diagnostics and not necessarily
naturally occurring. The elements here show a variety of
properties and scientists are playing around such properties
and the list of their use is growing. Platinum, for example 1s
becoming important in cancer research

(e) Poisonous, depending on dose. This list 15 not exhaustive and
the level of toxicity of some other elements 1s being
determined,

We can attempt to summarize the bivlogical roles of the elements:

#  Charge Bualance and electrolytic conductivity: Nu, K, (]

~  Structure and Templating: Ca, 7Zn, Si

e Signalling: Ca, No, Znete
Regulating signals in cells wnd tibetween cells.

»  Bronsted Acid-Buse Buffering: PSi, C

#~  Lewis Acid-Base ( ‘atalysis: Zn, Fe, Ni, Mn, Mg

~  Electron Transfer: Ie, Cu, Mo
Wheve do the electrons that are used tn vespiration to release
CHergy cone from ?

~  Group Transter (eg O,CH,, S): V Fe, Co, Ni, Cu, Mo, W,
What fucilitates the transferof oxygen in the lungs?

~ Redox( ‘atalysis: V. Mn, Fe, Co,Ni, Cu,Ni, W Se, S.

-~ Energy Storage: H,PS, Na, K, Fe



How do you store energly in the cells and how do you release
energy foreh crnical reactions tnthe body?

»  Biomineralization: Ca, Mg, Ie, Si, 5, G
When you take a look at the shell of a molluse, for tnstance,

do you wonder how and where the structure resulted frone?
Question: Whaton carth isnot Chemistry?

From the point of exit from the Garden of Eden, man's need for food,
shelter, pood health, among others, has continued to drive him to
innovate, create value and take advantage of natural resources. It
poes without saying that mother-nature, with divine wigdom, makes
the practice of Chemistry an imperative.

The first humans that got hold of cassava tubers and ate them just
like any other tuber died in their numbers as & result of eyanide
poisoning of the Cytochrome system. One option was Lo abandon
cassava as food. But hunger will not go away un-attended. Tt was
man's relentless sense of methods that led him through various
process technologies, until chemical hydrolysis of cassava Wis
achieved through intuitive science.

Cooking 18 essentially a series of chemical reactions. It is helpful
therefore to know some basics. As an example, putting vegetables
into boiling soup causes the cells of the vegetables to pob, resulting
Lo a brighter and appetizing green. However, longer cooking causes
the plant's cell wall to shrink and release an acid that turns the
vegetable anunapi yetizing shade of grey.

What nature offersis petroleum crude. But your automobile runs on
PMS (premium motor spirit), the prime movers run mostly on AGO
(automotive gas oil), the jets run on aviation kerosene, DP K (dual
purpose kerosene), your domestic cooking is dependent on methane
pas, ote. The petroleum crude must therefore undergo value
addition processes and {hat is why the refineries have comme Lo stay.



Chemical compounds provide the foundations for;
*Medicine
*Biochemistry
“Biotechnology.

Chemistry is, in the main, the subject inindustries like
“Rubber
*Plastic
“Food
“Pharmaceutical
"Detergent
“Coatings
“Dyestutfs and
“Agrochemicals.

The list is unending and the conclusion is that the challenge for the
Chemist is to use what is available, to get what is needed. This
appears to suggest, in line with the definition of the Dictionary.com &
Thesaurus, that the Chemist must be 4 magician. And why not”

Despite being as old as creation, Chemistry is still one of the fastest
growing arms of Science, This is attested to by the fact that nearly a
thousand new compounds ure discovered each day.

As a growing boy, I attended a Sunday school class during which a
teacher told a bible story that hag kept me fascinated till today. He
took his text from among the synoptic gospels, precisely the gospel
according to John, Chapter 2, verse 5. The theme of his lesson

“Whatsoever He saithunto you, doit',

It will be the subject of a good debate to decide who takes the credit
for the miracle in Cana: Mother or Son?




What happened has not been, and may never be, comprehended by
man. Being divine, He was capahle of providing the wine out of
nothing. But He chose to add value to one of nature's commonest
commodities- water. The testimony was given by the Master of the
Banquet when he mildly rebuked the bridegroom in these words
“Everyone brings out the choice wine first and then the cheaper
wine after the guests have had too much to drink, but you have saved
the best till now”.

Justout of curiosity, we may attemptto ponder what happened in the
context of present day developments, that is, after more than two
thousand years of Research and Development activities.

My fascination for what happened made me to fantasize. With my
litUe chemistry as 1 grew, 1 applied the law of conservation of mass
innocently and got:

C.HOH = 2('arbon atoms, 6 Hydrogen atoms and
1 Oxvgenatom, while

HO = 0 Carbon atom, 2 Hydrogen atoms and
1 Oxygenatom

Therefore,
C 1H.0H-H,0 = 2 Carbonatoms and 4 Hydrogen atoms.

The simplest compound 2 carbons and 4 hydrogens will give 13
ethylene, C.H,

Hence, 1 postulated that

(":”4 & H:() ;r_jh_ (3H<()H




Even as I grew in Chemistry, I continued to fantasize this reaction,
Suffice to say that I did not achieve it. But T was always encouraged
and challenged by His words as recorded in the gospel of Luke,
Chapter 17, verse, 6:

“1f you have faith as small as a mustard seed, vou can
say to this mulberry tree, 'Be uprooted and planted in
thesea, and it will obey you”,

I'smiled broadly to myself, the day I read from Literature [1] that
one of the synthetic methods of producing ethanol was by hydration
of ethylene.

CHy == Clly + H-0

|1

w CHLCHLOH

So my fantasy did not fuil e entirely. What T didn't know was that
sulphuric acid was necded as catalyst. And that was before I became
acquainted with the subject of catalysis.

MY RESEARCI INTEREST

My research interest is in reaction mechanisms generally (the
Chemical Pathway) but more specifically, the mechanism of
reactions in solution, with bias for nucleophilic substitutions in
aromatic systems (S, Ar), where we have been consolidating on the
gains of the Linear Iyee Energy Relationship (LFER) approach
(Small Change) we developed for the elucidation of the mechanism
of'this class of reactions in non-polar media.

During chemical reactivity, reactant molecules collide with one
another. For a reaction to oceur, the collision energy must be greater
than the activation eneryy.

The transition state theory focuses on intermediate species which
result from the eollision of reactants during chemical reactions.



These species exist transiently and dissociate either back to
reactants or progress to give products.

Intermediate
complex

5 Reaction Progress

A number of factors affect the rate of chemical reactions. These
include concentration, temperature, pressure when gases are
involved and the presence of catalysts or inhibitors, which
themselves are not consumed. While catalysts cause the rate of
reactions to increase, inhibitors dothereverse.

Catalysis.
A catalyst speeds up the rate of a reaction by reducing the energy of

qetivation, Ea. This reduction of activation barrier favours both the
torward and backward reactions.




—> Reaction Progress

Reaction Mechanism.

Reaction mechanism shows the relationship hetween the reaction
pathway and the rate law, I{is 4 series ol'elementary steps that must
satisly three irrefrangible rules. These are:

L. The sum of the elementary steps must give the overall
balanced equation for the reaction.

i The mechanism must agree with the experimentally
determined rate law
3. The slowest stepis the rate determining step, RDS.

The work presented in the first part of this lecture is in the area of
nucleophilic aromatic substitution.

Rationale/) ustification

The impetus for the study of this class of Aromatic Nucleophilie
Substitution (ANS) is provided by the synthetic potentials they offer
[2 |. Also, they provide models for the study of the transmission of
electronie effects in aromatic systems as well as for the study and

10



clucidation of the mechanisms of base catalysis in multi-step
reactions.

Problem

The mechanism of the Aromatic Nucleophilic Substitutions in non-
polar aprotic solvents was foralong time, the subject of eriticism and
modification by several groups of researchers. While some workers
proposed the ¢yelie transition state 3], others fuvoured the specilic
base, weneral acid, SB-GA (4, 5, 6. Tt did appear {hat a single set of
data could lend itself to different mechanistic interpretations. The
resulting confusion made it imperative that an attempt be made to
provide a unitied theory of mechanism for S AY reactions in this
clags of solvents.

:\_l'tLl“illi('ﬁlll)S_“llHi(lllJ{(‘ilglLt)llS:

I an aromatic <ubgtitution reaction, 4 bond with the aromatic
carbon is broken and a new one is formed. A reaction is formally
designated nucleophtlic, free-radical or electrophilic depending on
how many ol the two clectrons needed to form the new bond 13
furnished by the reagent. [f the reagent furnishes both electrons,
the reaction 1s termed nucleophilic. It is electrophilic when none of
{he electrons s pl'n\-'ided by the reagent, while fora vadical reaction,
the reagent furnishes only one electronto the new bond.

When primary or secondary amines are the nucleophiles in these
peactions, the intermediate complex, 1C, mechanism  can be
represented as inscheme 1.

SCHEME 1



The first formed intermediate [ is zwitterionic in nature and its
decomposition to product could be by either of two pathways:

(a) [t could go directly to products through an uncatalysed path
involving the rate coefficient k, or
(b) Through a catalysed pathway in which the catalyst is either

another molecule of the nucleophile or an added base and
involves the rate coefficient, k..

If the steady-state (Bodenstein) hypothesis [7]is applied to Scheme
1, then the observed second-order rate constant, k,, is given hy
equation 1,

kA - kl(kZ*kfi[B])

kg1+k2+k3{3] ............................ 1

Three possible kinetic forms are observable, depending on the
relative magnitudes of k vandk, + k [B].

(a) When k k,+k,[B], equation (2) results from equation (1)
thus;
kq(k kik- B
k, =) AR 2

kﬁl k—l

Here we observe a linear dependence of k, on base concentration,
decomposition of the intermediate to products being rate-limiting
and the reaction is susceptible to base catalysis,

(b) Whenk, 1.k, + k.[B], equation reduces to equation (3), and
the formation of the intermediate, I, constitutes the rate-
limiting step. This kinetje condition results in the reaction
being insensitive to base catalysis,



(¢) A third condition arises when values of k , and k, + k[Blare
comparablein magnitude. A curvilinear dependence of kon
bhase concentration is obtained. At low base coneentration,
the dependence of K, 1s linear and the decomposition of the
intermediate to product is rate-limiting. This lincarity
changes to a plateau at high base concentration in which
case, the formation of the intermediate becomes rate-
limiting and the system i« rendered insensitive to base

catalysis.

[vidence abound in literature that these three distinet classes of
kinetic conditions occur [8,9, 101.

The systemn employed in this investigation is the reaction of
morpioline, a secondary amine, and 1-Fluoro-2, 4- dinitrobenzene
and I-chloro-2, 4-dinitrobenzene as substrates. The medium was
henzene, a typical non-polar aprotic solvent.

The pipette technigue was adopted to monitor the kineties of all
reastions and it involved, first preparing the product, N-[2, 4-
(linitruphunylnmrp}mlinuI by standard methods, scanning dilute
solutions of it to determine the wavelength of maximum absorption,
A, .. For this product, the A, was determined to be 370nm. The
extinetion coeflicient was determined by application of the Beer's
Law in the quenching mixture, which was IM sulphurice acid in
methanol. All Kinetie runs were performed with the nucleophile
soncentration, ten-fold higher than that of the substrate to ensure
first-order kineties.

[t is instruective at this juncture, to examine the theory behind this
work and its experiments. Taft and Gurka [11] reported definitive
hydrogen-bonded parameters for 62 bases of widely difterent




structures at 25'C, using para-tfluorophenol and carbon
tetrachloride, (a typical non-polar aprotic solvent). In their work,
they evaluated the formation constant, K, for the formation of 1:1
hydrogen-bonded complexes in an cquilibrium of the type in
equation 4,

P-FPhOH + B === P-FPhOH---B ... 1

Inanother report [ 12}, Taft examined the generality of the effects of
buse structure on log K, values and found a generalised linear [ree
energy relationship (LFER) of a satisfactory level of precision. This
linear frec energy relutionship wus expressed in the form of
equation (5), where K, is the formation constant of hydrogen-bonded
complexes and the constants m and € are characteristics of the
proton-donor, the solvent and temperature,

Log K, = mpk,, + C 5

According to these workers, increased values of m and C denote
increased stability and therefore deereased standard frec energy of
the hydrogen- bonded complex.

The pk,, is therefore a unique base purameter that measures “he
strength of the acceptor in hydrogen-bond complex formation.
While K, m and C for given acid-base complex bear an inverse
relationship with solvent polarity, log K, is a measure of the ability of
bases to form hydrogen-honded complexes.

Our laboratories, in an carnest effort to evolve a unified theory of
mechanism for nueleophilic aromatic substitutions, S Ar, in non-
polar aprotic solvents, recognised the possibility that such
hydrogen- bonded complexes, which are homo- and hetero-
conjugates in the real sense, could be responsible for the catalysis of




bimolecular nucleophilic aromatic substitutions in non-polar aprotic
medid.

We postulated and therefore incorporated the pk, as a parameter
into the rate equation and thercafter designed experiments that
could prove the involvement or otherwise of such aggregates.

If we depict the nucleophile as N and the catalyst as B then the
equilibrium of equations (6) and (7) result, where (6) 1s the step for
the reversible deprotonation of the first-formed intermediate, 1.

| + N 50 S ol | [ ——— 6

Then, .
N“ e [) e [N—“ '''' l)} .............. T

Hetero-conjugate.

[f the hetero-conjugate catalyses the departure of the leaving group
moiety, then equation (8) applies.

I+ -N--"' Ho- l"-}* \’_IU“,_ Pratlaels swssmmes =

The rate equation is thus given by equation (9):

diproducts) ¥
TR = ki) (N H DPIE Y

From equation (6),
(NH ][]
K=-—""
L 7 v — 10




From equation (7),
_[N.H.P?
F +
[NH] Y [P) 1]

Incorporating expressions for [ II Iand [N.H..P] from equations
(10)and (11) respectively into equation (9) gives equation (12).

d(product)

TP S KKK ANIN]P] 12

at

When this is inserted into the steady state (Bodenstein) equation for
the catalysed reaction, ie our equation (2), what results is equation
(13).
e, = kytka+kg[ND }"1}"3“'}\"[“][1\']“)_] ......... 13
AT T T

1t the kinetic runs are done at constant nucleophile concentration,
[N], but varying catalyst concentrations, [P, then plots of k, against
[P]will be linear, with slope equal to the expression of equation (14).

Slope = ;‘-lk'J—iﬁ'ﬁLM'w ...................... 14
-1

[I'we substitute the expression for log K, in equation 5, we obtain
equation (15).
kik3K[I][V] L
log slope = log —lj‘%— + mpkyg +C 15
~1

If the position of our postulate is valid and the Taft-Kamlet {ree
energy relationship holds for our system, then a plot of log slope
against pk,, should give straight line with slope equal to m.

16



Table 1 shows the values of k/k, ratio pk,,, slope parameter for the
reactions in the presence of various catalysts and other relevant

physical constants from the literature.

TABLE 1 - Values of pk,,,, pk, in water and DEC" for additives to the
reaction of I-Muoro-2, 1-dinitrobenzene with morpholine in henzene at
30°C and values of the k/k, ratio and slope parameters for reactions in
the presence of various additives.

rMorp
Pyridine
DABCO

| DMSO

‘ PNO
HMPA
MeCN
CHA
Anisole
N,N-DMA

! THF
4-PIC

Et,N

TPPO

PhNO,

holine' 8.427

‘ 5.25
| 8.60
1.40'
‘ 0.79

-10.12°¢
-6.80°
-6.54°
5.07
-2.08°

1 6.03

1072

1.88
2.21
2.53
2.76
3.56
1.05

1.30

0.02

[12.41

146.68

| 30¢
37.50¢

18.30
14.33

‘ 7.58

2.42

| 34.82
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~2.00| 7.42 %4.3:?-

0.73'
3.86
4.80
6.88
26.30
| 0.03

0.08

1.07
0.65

0.11

slope
0.64
| -0.14
0.58
0.68
0.84
1.42
-1.53

"-1.09

0.03

-0.65

-0.97

Catalyst ?Pl;a(fiz—O}‘ Pkue !"DEC'"1 -]_;Iope -LOQ klfk;

482.4
c/u
225.10

287.80

344.70
1294.10
1.44

3.62

75.70

C/D

5.42




Three distinet kinetice forms are recognised from the results, viz (i)
those that did not catalyse the reaction. This was the case with
methyl eyanide, MeCN, Cyclohexanone, CHA, Anisole, N, N-
Dimethylaniline, Tetrahydofuran, THIF and Triphenyl Phosphine
Oxide, TPIPO .

(i) the second form include Morpholine, the nucleophile, 1, 4-
diazabicyelo(2, 2, 2) Octane, DABCO, Dimethy! Sulphoxide, DMSO,
Pyridine-N-Oxide, PNO and Hexamethylphosphoramide, HMPA.

(i) the third kinetie form was exhibited by Triethylamine, Et.N and
Pyridine, Py, which showed curvilinear dependence of k, on catalyst
coneentration.  While Triethylamine showed curvilinear
(downwards) dependence, Pyridine showed a curvilinear (upwards)
dependence.

The first form clearly depicts insensitivity to Catalyst concentration
and therefore proceeded via the uncatalysed path, involving the rate
coefficient, k. Here, the formation of the intermediate is rate-
limiting,

The third form showed a non-lineur dependence of rate on catalyst
concentration. In the case of pyridine that exhibited curvilineur
upwards dependence, a plot of k, against the square of catalyst
concentration, gave a linear result, conlirming quadratic
dependence of the rate on the catalyst concentration. This showed
that this catalyst participated viadimers of the amine,

The second kinetic form is of immense interest to this work. Fach
catalyst showed linear response to increasing additive concentration
and the values of their k/k, ratio are typically [ 50 1 mol”, the
threshold for indicating genuine and strong catalysis [ 13].

This cluss is an interesting mixture, being made up of two bases, an
N-Oxide, a sulphoxide and a phosphoramide. Catalysis by this group
i not explicable in the formal Bronsted-Lowry sense, since the




magnitude of catalysis shown by their k,/k, values is completely
independent of base strength. The observed order of catalytic
offectiveness of HMPAL PNOI DMSO! DABCO 4-Picoline cannot
i,wc.\';'lluim-tlintermsnf;wi(l-hnsecutzllysis.

As mentioned earlier, it is possible that homo- and hetero-conjugates
intervene in the mechanism of these reactions. These equilibria
actually describe the formation of hydrogen-bonded complexes in
non-polar media. If this was the dominant effect of these additives,
then it should be possible to correlate the magnitude of catulysis with
the hydrogen-bonding ability of these additives. The qualitative
measure of this parameter is provided by the pky,, values, obtained
from the Taft-Kamlet linear solvation free energy relationship [12]
and included in Table 1. Such a correlation, involves a plot of log slope
(derived from plots of k| versus catalyst concentration) against pk,,
values.

The relevant plot is shown in Figure 1. It is indeed lincar, with a
correlation coelficient of 0.89, indicating that the linear free energy
relationship of equation 15 is obeyed for the reaction catalysed by
this group of catalysts,

When the point for Morpholine, the nucleophile is excluded in the
plot as seen in Figure 2 the correlation coefficient improves Lo 0985,

19




fog slope

PLOT OF LOG SLOP AGAINST pk,,,

r=0.892
slope = 0.78

160 150 700 250 300 iso 400

T DR
FIGURE 1

GCRAPH OF LOG SLOPE AGAINST pk

r=0.985
slope = 0.62
(a) = HMPA

(b) = PNO
(c)=DMSO
(d) = DABCO
(e) = 4-PIC.

_— 5 [ ke

FIGURE 2
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With these conclusions, and sure as we are that our scheme is
consistent with the earlier mentioned irrefrangible rules, we muade
bold and went to press [14-17], putting forward a comprehensive
mechanism for Aromatic Nucleophilie Substitution (ANS) in non-
polar aprotic media. Our mechanism is shown in Scheme 2 and takes
care of all aggregation phenomena of homo- and hetero-conjugation
as well as the possible dimerization of certain catalysing species, like
pyridine, prior to the expulsion of the leaving group moiety.
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Corrosion
We ulso did some work on Corrosion control and Corrosion
inhibition,

Corrosion refers to the consumption of metal as they are exposed to
their working environment or surrounding. It is a spontancous
redox reaction in which a metal is attacked by some substances in its
environment and converted to an unwanted compound.

For nearly all metals, oxidation is thermodynamically favourable in
air at room temperature. When the oxidation of a metal is not
inhibited, it can destroy the object. This has huge economic impact
on industries in particular and productivity in general, It has been
reported that about 209% of the iron produced annually in the United
States is used to replace iron objects that have been discarded
because of rust.

Not too long ago, the canopy of the dome of Maria Assumpta
Cathedral in Owerri was replaced, no doubt, at a huge cost.
Exposure, over time, must have impaired with the functioning of the
original metal rooting members,

The need to research into ways of preventing or inhibiting Corrosion
of metals cannot be over emphasized.

We worked on the inhibition of Corrosion of aluminium and made
modest contributions on the prevention of Corrosion of this metal,
both in acidie [18] and alkaline [19] media, using various indicator
dyes. We did some work too, on Corrosion control of mild steel [20),
21]. We also did show [22] that extracts of Gongronema latifoliwin, is
anenvironmentally friendly Corrosion inhibitor for aluminium, even
instrongly acidie and alkaline environment.

BIO-FUELS.
PRODA had developed an aleohol plant for commercial production

%]
(3%




of industrial ethanol. It consisted of stripping/rectifying towers
working on the same principle as the petroleum refineries and was
concoived, following numerous inquiries from local distillers of illicit
gin that wished to produce non-illicit gin. The plant ran on its own
steaun boilers and centralized control panel.

The product which was about 95% ethanol, found uses in the
Chemical, Pharmaceutical and cosmetic industries. It was also
useful to Science laboratories and allied solvent users.

Research continued on this plant with a view to improving on the
yield and percentage alcohol. The resultant azeotrope formed
between water and ethanol at about 95% alcohol gave us cause to try
other non-physical processes.

We succeeded in producing biofuels.
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We received a grant of $0.5m from the World Bank assisted Science
and Technology Education, Post-Basic (STEP-B), to research into
the Conversion of Waste Biomass to Biofuels.
The Projects Development Objectives, PDOs, were made clear by
the World Bank and these included:
* To improve indigenous resecarch execution capacity in
Science and Technology for the purpose of resolution of
National Problems



The P

To improve human capacity building in Science Education at
Post Graduate, Undergraduate and Technologists level of
education

To produce Science Technology professionals capable of
standing besides their peers ina global context.

“To foster and promote linkage relationships with other

Rescarch Institutes, Universities, Governments at all levels,
Enterprises for the purpose of innovative Science.

RODA step-B painstakingly followed the stipulated

guidelines and focussed in the main, on the development of the
critical manpower needed to tackle national problems. The project
team developed a bio-reactor [23] that has been optimally utilized in
the pursuit of the objective of that pre yject.

Under

the Project, we produced four Ph. Ds and four Masters

Degrees. These include:

(1)

(6)

Jude C. Obubuzor (NIFOR Benin): Ph. D, 2009

Palm Fibre Utilization for the Production of Bioethanol.
Richard C. Ehiri ( Ebonyi state University) Ph. D.,2009
Factor interaction during optimization of Catalysts for
biodiesel Production,

Charles Nkem Agulanna, (PRODA, Enugu) Ph. D. 2012
Development of Integrated System of Bioreactors for
Anaerobie Digestion of Organic Waste.

Ali Bilar ( Federal Polytechnie, Nekede), Ph.D. 2012

Factor Analysis of Anaerobic degradation of  Organic
Components of Municipal Wastes.

Nkechi Blessing Anyile(Renaissance University, Enugu),
M.Sce. 2008

Optimization of Biodiesel Production using Program
Catalysis Regime ’

Eberechi Asiegbu, M. Se¢. 2010

Factor Interaction in Acid Catalysed Optimization of
Biodiesel Produetion




(73 Onwuka Obasi Kalu, M.Se. 2010
Optimization of Acid Pre-treatment Procedure for Oil Paln
['ibres Bioethanol Production

(8) Nkechi Nwagbara (PRODA, Enugu) M. Sc. (awalling
defence)
Eftect of JH on Pressure Explosion Pretreatment of Palm
Oil Fibres,

On Iinkages and collaboration, T did not have to look too far, Kast,
West, North or South, home is the best. T had to ereate the PRODA
STEP-B Project FUTO Work Station.
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Interms of equipment, the University work station ean hoast of
#a Buek Scientifie Gas-Liguid Chromatographie equipment,
GLO, with three detectors,
~ a Reaction Centre able to control reactions between -10 and
230700




»  Apressurized Gasreaction System

»  Anall glass distillation set, capable of delivering 10 litres an
hour

»  Goodstock of glass-wares and other consumables.

On capacity building, we trained staff in the facilities of the Original
Equipment Manufacturers, OEM. To this end, PRODA staff,
including my humble self, and Prof. Emma Ejike of FUTO were
trained in Cambridge, at the facility of Cecil Instruments, in Moline,
Chicago at the facility of Parr Instruments and in Connecticut at the
facility ol Buck Scientifie Instruments.
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A delegation from Nigeriu visited the J; apan Nutional Institute for Materials Scienee and met

with the President, Prof. T Kishi, the Viee-President, Dr. M. Kit: 1).'1\\L and other staff at
NIMS. The delegation comprised Prof, O. Ade woye, D, NASENI, Prof. P A Onwualu, DG,
RMRDC, Prof. R.A. Boroffice, DG, NASRDA and Dr: ;. N. On ucha. The delegation had a
tour of Nanoscale Material Centre, Biomaterials Centre and the Nano System Funetionality

Centre.

Pencils
Whatis lead peneil?

In the year 1564, a hurricane across the British [sles uprooted a
glant tree and exposed a black substance. A farmer, by chance,
discovered that the black stuff made marks that would not wash off
easily. Soon he and other farmers began to use the substance to mark
sheep, The material was graphite but Seientists who examined it



dubbed it ‘plumbago’, the Latin word for a lead ore [24]. The term
Tead has stuck till today.

The economic well-being of any nation hinges on its ability to
transform resources, especially natural resources, 1o voods thal
satisfy human needs. It goes without saving, that the natural
rosources a country has are factories in waiting. Where a nation fails
to add value to her natural resources, they remain  dormant

fuctories.

Nigeria has huge reserves of various natural resources. Our
inubility to key into the new and emerging technologies and
{herefore commereialize our low hanging fruits has forced us to
remain i conswner nation. The immediate result is that we remain
an import dependent nation, with the attendant problems of capital
flight, lack of employment opportunities, low private sector activity

2re.

Graphite is one of Nigeria's solid mineral resources [25]. Inan effort
to beneficiate graphite for the production of erucible pots for our
foundry furnaces in PRODA, we had a serendipity: weisolated aby-
product that is one of the active ingredients for pencil production.

Peneil is one of the essential working materials discovered by manin
the history of writing. Itisa truism that any individual who has had
4 formal education must have, at one time or the other, used peneils.
China is currently the leading exporter of pencils to Nigeria,
followed by Britain and Germany. Itis estimated that for children of
school age alone, Nigeria spends between H1.om and 91lm USD
annually to import peneil from China alone.

All the busic raw materials (graphite, elay and wood) required for
the production of pencils have been identified to exist in sufficient
quantities in Nigeria. The graphite deposits are in Taraba, Niger,
Adamawa, Kaduna, Bauchi and Cross River states. The clay
deposits arein Imo, Abia, Fnugu, Anambraand Ebonyl




Pencil graphite cores or leads are made by mixing graphite powder
with clay and binders, then fiving in a furnace [26]. Different types of
pencil are achieved by blending varying proportions of the graphite
powder and clay to ereate different degrees of hardness or
blackness. The 'H' stands for hardness, while 'B' stands for
blackness. 'HB' stands for hard and black pencils. The hardest is YH
and hardness reduces progressively down to H. HB is middle of the
road and the blackness progresses from 'B' up to 9B, which is the
softest. Hence, the harder a pencil, the more clay it contains.

The most commonly used pencils for schools are the 2B, which is
fairly soft, contains more graphite, leaves a  dark black mark and
more conductive. For shading of WAEC and JAMB objective answer
seripts however, the HB, which has less graphite and therefore less
conductive is preferred.

The treatment of graphite ore depends on the nature of its
occeurrence, ncluding the fixed carbon content, FC, associated
mineral oxides and particle size characteristics, Most Nigerian
natural graphite ores contain approximately 30% fixed carbon and
oceur along with metamorphice rocks and metamorphosed lime
stone. On analyses, they are found to constitute principally inorguanie
oxides like Si0, ALO,, Fe,0, Na 0, Ca0, K0, MgO, ete. These
impurities necessitate the need for purification prior to use in pencil
core production.

Comminution and Beneficiation. in the maln, serve to remove these
metallic mineral oxides from the graphite ore, using water and
hydrocarbon solvents in a {lotation cell.

Pencil Clay

Clay is a generic word for so many earth materials, distinguished by
their plasticity, refractoriness, particle size, constituent minerals
ete, that dictate their properties and use. Pencil clays have some
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characteristies that border on such physical properties as density,
bulk/apparent density, porosity, moisture content, permeability,
weather resistance, ete.

Consideration is also given to such mechanical properties as
elasticity, plasticity, rupture strength/brittleness, ete.

Some Nigerian clay deposits that were studied showed satisfactory
results and include samples from Nsu. Nikwumeato, Enugu, Ukpor
and Gir.

Pencil Wood

Peneils are encased in woods made from fine incense cedar woods.
There are many factors that govern the choice of wood for pencil
casing. These include but not limited to: (i) wood type and age, fibre
lengths, sizes and distribution, (i) fibre entanglements ard shapes-
longitudinal, vertical and intertwining, (iil) wood textures, (iv) wood
hardness, (v) humidity and temperatare offects (vi) ease of wood
preparation and treatment, ete.

Because the incense cedar wood has majority of the desived
properties, it hag remained the choice of many pencil manulacturers.

Pencil production can be separated into 5 major groups - lead
making, wood work, lead liying, shaping and finishing.

The Pencil Production Flow Chartis given overleal:
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PRODA Finished Pencils

In PRODA, we followed the flow chart rigorously at hench seale up
to and including painting and printing. We exhibited our samples at
trade fairs, product Exhibitions and at the National Council of
Science and Technology, NCST We made noise everywhere and
challenged Government on why the local production of peneils would
not be encouraged.

The issue of mandate came up. Some protagonists argued that the
role of & government estublishment like PRODA should be to
conclude research findings and pass on the results to entreprencur
to commercialize. [ stood stoutly to challenge them and reminded
them of how many such results that never saw the light of day. I must
give eredit to the media because they championed our course.

Then the National Assembly summoned me on the issue. | was
either to convince them to make budgetary provision for it or the
matter will be put to rest sine die. We discussed in detail and
compared the position of Nigerig as a developing nation and the
position of the nations that had passed through the crucible. I had
personally visited and pried into the secrot of the success stories in
Japan, China, Israel, Indonesia, Malaysia, South Korea, the United
Kingdom and the USA. These nations had one thing in common:
their Governments invested heavily in Research and Development.
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ln the fuce of the harsh economice situation [acing investors in
Nigeria, Government must bear some of the risks and provide
venture capital. When the product is fully developed and
popularised, then local investors could key in and commercialize. In
the case of peneils, we proposed to build a pilot in PRODA and
thereafter replicate it in each of the six geopolitical zones ol the
FFederation.

[ am glad to inform that they bought the idea and made the
budgetary provision in 2011 financial year As hard asitisto achieve
budgetary provision, it is even harder to achieve funding. But 1 give
the glory to the almighty God that before the expiration of my
tenure, we had commenced installing the machines in what will be
the first peneil making facility in West Africa.
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CONCLUSION.

My concluding remark is just to say that, asd nation, we are where
we are today because we have failed to put Research and
Development in its proper pedestal. A Chinese proverb has it this
way':

‘When planning for a year, plant corn

When planning for adeca de, plant trees

But when planning for alife time, trainand

cducate the citizenry'

Global trends in economic development and poverty reduction
indicate a consistent empirical correlation with a nation’s level of
technological base. Nigeria, in spite of its enviable abundant natural
resources — large fertile land area, solid minerals, proven reserves of
oil and gas, intellectual endowment, ete. is still considered one of the
twenty poorest countries of the world.

It is tempting to argue that the global effects of industrialization
have placed us in a viclous eyele of & technological quagmire. This
argument, however, is punctured by the development trends of
countries like India and Malaysia, with similar experiences as
Nigeria yet less endowed in natural resources. These countries have
overcome their own difficult situations and attained positions of
respect in the world map of technologically and industrially
developing countries.

Table 2 gives a clear picture of Nigeria's dilemma. It we blame our

colonial masters for our inability to key into stages 1, 2and 3, who do
we blame for failure to key into stuges 4 and 57
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The Nigerian nation will out-live the oil deposits and our economy,
like the rest of the world, will be knowledge driven. Human capital
development is no longer an option. It is an imperative and the time
to addressitis now.

RECOMMENDATIONS
[ humbly make the following recommendations:

v Government at ALL levels — Federal, State and Local
Government — should develop the political will and ereate the
cnabling environment for the sustenance of Research and
Development activities..,

v The financial institutions must be prepared to support
entrepreneurs with proven capabilities to translate results
of R & D into ventures that will ereate employment and
alleviate poverty.

v There must be a guided and monitored Government policy Lo
proteet locul entrepreneurs.

v The medig, the fourth estate of the realm, must partner with
stakeholders in creating awareness and promoting
successful resultsof R & D,

v That since Technology is the application of basic Science in
solving the day to day problems that arise, (GGovernments
must provide the necessary support Lo ensure that basic
Sciences are adeguately taught in our primary, Secondary
and Tertiary institutions,
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MEMBERSHIP OF PROFESSIONAL BODIES.

I belong to the following professional bodies:

Fellow, Institute of Chartered Chemists of Nigeria, FICCON
Fellow, Chemieal Society of Nigeria, FCSN

Member, Royal Society of Chemistry, RSC

Member, Corrosion Association of Nigeria, CAN

Member, Institute of Public Analysts of Nigeria, [IPAN
Member, Science Association of Nigeria, SAN

Member, American National Board for Business Incubation.

COMMUNITY SERVICE

I have rendered the following services at different times in nmy
career:

. General Secretary, Owerri Sports Club, Owerri, 1988 to
1990,

. Captain, Lawn Tennis Section, Owerri Sports Club, 1991 to
1992,

. Chairman Caretaker Committee, Nov., 1992 to April, 1993.

- The Nativnal Republican Convention, NRC, Nkwerre LGA,
[mo State.

. Member, Imo State Executive Couneil, 1994 — 1996,

. Member, National Couneil on Agriculture, 1994 - 1996

. Vice-Chairman, Imo State ADP Executive Council, 1994 -
1946

. Patron, FUTO Senlor Staft Club, 1995

. Convocation Lecturer, Alvan Ikoku Federal College of
Education, Owerri, October, 2010.

. Patron, Owerri Sports Club, Owerri

. Patron, Safari Club, Owerri.

. Patron, RIGAN Games.
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HONOURS AND AWARDS

I received awards and honours from numerous bodies. They include:

.
e

Award for Excellent Economic Development by the
TimeNEWS Magazine Editorial Board, 2011.

Award of Excellence for Contribution to the Development of
Science & Technology in Nigeria by the Nigerian Institute of
Physies, 2010.

Award of Excellence in Recognition of Outstanding
Achievements, Exceptional Leadership and Contribution to
Project Research Development and Industrialization in
Nigeria by the Student Chemical Society of Nigeriu,
National Seeretariat, 2005.

Community Service Award in Recognition of Commitment to
the Advancement of National Development by the Rotary
Club of Enugu Municipal, Distriet 9140.

Conferred with the traditional title of 'Chika Dibia’ by the
Ogbor-Ugiri Autonomous Community, Imo State, Dec. 1994

Nze N'Ozo Title of 'Tke-Oha Nkwerre' by the Nze n'Ozo title
Holders of Nkwerre, Iimo State, April, 1995,

Conferred with the Chieftainey title of 'EBUBEDIKE" by
the entire traditional rulers of old Nkwerre LGA  (now

Nkwerre and Nwangele) of Imo State, May, 1995.

Knight of St. Christopher, (KSC.), September, 1995 Church
of Nigeria, Anglican Communion, Orlu Diocese.

Justice of Peace, (J1?), Imo state of Nigeria, 1996,
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Award for Excellence for Outstanding Contributions to the
Advancement of Nike Diocese of the Anglican Communion,
Church of Nigeria, 2009,

Award of Honour in recognition of Selfless Service to the
Church and Humanity by our Lady Queen of Peace Catholic
Parish, Egbeada, Owerri, 2010
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Without mincing words, 1 affirm to you today that I do not take her

good nature for granted and that any time she frowns, [ tremble.
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community for your warm welcome on my return. I appreciate all of
you and I reiterate what [ had said earlier on my return. I returned
to a FUTO that is by far better than the FUTO I left. Better
infrastructure, better staffing, improved management-style, gender
sensitive, I'T compliant, just name it. I congratulate you all and I wish
us all more goodies to come.

My thanks also go to the Honourable Ministers of Science &
Technology, past and present, the Permanent Secretaries and their
team. I fondly remember my colleagues, the Directors-General in
the Science & Tech. tamily. I cannot forget the Management and staft
of PRODA. At PRODA, I had a mix of pessimists and optimists. [
enjoyed working with both because each motivated me in its peculiar
way. I will make special mention of Dr. Charles Agulanna, who took
over from me, Mrs. Pauline Chijioke, Dr. (Mrs) Ngozi Onyvemelukwe,
Lady Akagu, [gwe David Ezemokwe, Justin Nzerogu, Goddy Njomn,
Chino Ogbonna and Engr. GOC Thezie, whom [ nicknamed M
Pencil. I will always remember you all in my daily prayers.

[ thank my academic father, Prof. [kenna Onyido. You came into my
academic life at a time [ was contemplating whether to call it quits or
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gave all the home support while you tarried hours unending in the
laboratory.
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Prof. Ogwuegbu and Prof. PC Njoku, my bosom friend, Dr. Atu
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and the rest others that, for sake of time, I can't mention are
acknowledged.  Our technical and administrative staff are
appreciated. I will not fail to mention Prof. A. I Onuchukwu. He gave
quality academic leadership while he was with us.
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The Dean of Science, Protf. Osuala and all in his team, | thank you for
the smooth running of the School. We appreciate how tough it is but
we  know too, only the tough keep moving, The Chairman
Committee of Deans, Prof. IXmma Anyanwu, the Deans of Schools
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Ph. D. thesis and 1 always remembered his chiding me '1 did not
tarry long enough to be a Professor. You owe ittome'. [ really wish he

was here.
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