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USE OF DOLOMITE FOR FINISHING COAT IN MASONRY

H. D. GUNAWARDHANA* AND P, P, S, P, DIAS
Department of Chemistry, University of Colombo, Colombo 3.

(Date of receipt : 18 October 1985)
(Date of acceptance : 10 February 1987)

Abstract: The major drawback in the application of dolomite as a substitute for
limestone is the appearance of cracks when calcined and subsequently slaked
dolomitic quicklime is applied on the plaster in the form of a finishing coat. 5
Investigations into the cause for the appearance of cracks have revealed that
there are five major factors which influence the appearance of cracks. Out of the .
factors identified, more extensive studies were carried out on factors such as mois-
ture content of the plaster and percentage of carbon dioxide of dolomitic quick-
lime. The optimum conditions for the application of dolomitic finishing coat
without the appearance of cracks have been recommended. The appearance of
cracks can be mitigated by achieving complete slaking of magnesium oxide-
component before the slaked calcium oxide is set. Pilot scale application of a
dolemite under recommended conditions revealed promising results.

1. Introduction

Dolomite? is a carbonate of calcium and magnesium with 1 to 3% impurities
such as quartz, gypsum, etc. The content and the. colour of the impurities
determine the colour of the rock. Dolomite or dolomitic limestone has 40 to
43% magnesium carbonate. Magnesium carbonate dissociates at 402 to
480°C, whereas the magnesium . carbonate component of dolomite decom-
poses at higher temperatures i.e. 590°C. As a result the magnesium oxide is
hard-burned in varying degrees before the calcium oxide is formed, which
requires a temperature of about 898°C. It has been shown?® that the degree
of hard- bummg can be mitigated by cooling the qulckllme immediately after
the CaCO, is calcined, and also by calcining at minimum and constant
temperature for a longer duration. The traditional dolomitic limestone kilns
in the Matale district of Sri Lanka seem to follow a procedure to minimize
hard-burning.

.CaCO MgCO, (dolomlte) + heat == Ca0. ‘\1g0(dolom1t1c quicklime) -
+2CO DL bl b BH e (1)

Slaking of dolomltn: qulckhmc can be represented by the followmg
eql.;laltlon.S

*Centre for Analytical Research and Development.
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CaO. MgO + H 0 s> CalCF} . MgO (dolomitic hydrate) + heat .. (2)
The calcium 0x1de component of dolomitic quicklime is sla.ked first, The
hard-burned magnesium oxide component of dolomitic qulckljmc requires
pressure for complete hydration.

CaO. MgO (dolomitic quicklime) + H,O + pressure s>
Ca(OH),. Mg(OH),, (dolomitic hydrate) + heat ........... +. (8)

When the dolomitic quicklime is slaked in the normal way and applied
on the plaster, the appearance of cracks or fractures becomes inevitable. The
appearance of cracks in cement is due to the expansion caused by the
conversion of magnesium oxide to magnesmm hydroxlde after the setting of
‘the hydrated components of cement.® Therefore, it is necessary to use lime-
stone free of magnesium in the cement industry. When the dolomitic hydrate
s a.ppllcd on the plaster the hydrated calcium oxide component undergoes
setting.? This could be attributed to the gel formation and the subsequent
hardening. The slaking of magnesium oxide is slow and ‘water penetrates into
the surface pores. This exerts great internal expansive force and causes it to
fracture. This paper describes an investigation on the factors which influence
the appearance of cracks on dolomitic finishing coat.

2. Experimental Procedure
Analytical-grade chemicals {vere-used wherever possible.
2.1 External rendering:

Mortar mix of 1:1:5 (cement: dolomitic hydrates: sand)’ was used for
external rendering on the brick work. The moisture content of the resulting
plastered finish was determined by one of the following methods.

(i) Karl Fischer Method: Karl Fischer reagent was prepared using
methyl cellosolve as the solvent. Both visual and electrometric end-
point detection methods were carried out.

(i) Drying and weighing method: :7 A sample of the plaster was dried
at 110°Cfor three hours. The difference in weight before and
+ after drying was used to calculate the moisture content.

2.2 Determination of carbon dioxide content:!

Syrupy phosphoric acid was added to a weighed sample and heated gently,
evolved gas was passed through a solution of syrupy phosphonc acid
followed by a U-tube packed with phosphorus pentoxide and pumice stones
impregnated with copper sulphate, The gas was then passed through two

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Use of Dolomite for Finishing Coat in Masonry - 3

U-tubes, each contammg soda asbestos (carbosorb) and phosphorus pent-
oxide, Increase in weight of the two U-tubes containing carbosorb g:wes the
carbon dioxide content of the sample,

2.3 Application of dolomltlc ﬁmshmg coat:

Dolomitic quicklime of the particle size of 60 to 100 mesh was slaked for
23 hr., the excess water was filtered off and the resulting putty was applied
on the plaster mamtalnmg the thickness of about 3.5 mm. The traditional
method emponed in the Matale district of Sri Lanka, involves the calcina-
tion of pieces of dolomite (about 2 cm diameter) in a kiln for about 48 hr.
and slaking them in a basin with excess of water. Disintegration of the
pieces occurs during this process, leading to a separation of heavier silica
particles from the slaked dolomite particles. The traditional method was
adapted in the laboratory by heating pieces of dolomite at about 900°C for
about 90 min,, in a muffle furnace and then slaking them in a beaker of
water. After 23 hr. the slaked dolomitic qucklime was removed without
agitating the bottom of the beaker, filtered and applied on the plaster.

2.4 Analysis of dolomite:

1.000g of sa.mple was dissolved in perchloric acid (10 cm?), heated to
dryness on a hot plate, cooled, added a mixture of 10 cm? of perchloric acid
and 10 cm? of water and ﬁltered through a Whatman No, 40 filter paper
into a 250 cm? volumetric flask. The filter paper was ignited quantitatively
to determine the acid insoluble substances. The filtrate was made up to 250
em? and used m the determination of calcium, magnesmm and iron by

EDTA titration.?
3. Results and Discussion
3.1 Possib]c cause for the appearance of crackS'

It has been 1"epo~rtecl5 that magnesium oxide component of dolomitic quick-

- lime requires pressure for complete hydration. Therefore, a sample of dolo-

mitic quicklime (carbon dioxide content 6.03%) was slaked for 45 min. in an

' autoclave under a pressure of 15 Ibs per sq. inch at a temperature of 121°C,

When this sample was applied on a plaster having a moisture content about -
2%, no cracks appeared on the resulting finishing coat. The undesirable

- expansive forces which are responsible for the appearance of fractures will

not be created, if the magnesium oxide component is completely hydrated.
(slaked). However, the pressure slaking of dolomitic qulckhme is not feasible

in thc cottage Ievel bul]d.mg construction.
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This necessitates the need to investigate the influence of various factors
responsible for the appearance of fractures during the normal use of
dolomitic quicklime for finishing coats. Our investigations revealed that
application of slaked dolomitic quicklime under certain conditions gives a
perfect finishing coat with no fractures. It was possible to identify that the
following factors influence greatly on the appearance of fractures.

(2) The moisture content of the plaster at the time of the application of
finishing coat..

(b) The carbon dioxide content of dolomitic quicklime,

(c) The particle size of dolomitic quicklime.

(d) The slaking time of dolomitic quicklime.

(¢) The composition of dolomite.

It is apparent that the adjustment of these factors during the applica-’
tion should give a perfect finishing coat.

3.2 Effect of moisture content of the plaster at the time of the dppllCB.thl‘l
of fimshmg coat

Dolomite of composition (CaO = 30.5%, MgO = 21.3% and Fe;0; = 0.45%)
was calcined, slaked and applied on the plaster having a moisture content of
16.8%. This application of the finishing coat and the determination of the
moisture content of the plaster were continued daily. It was observed that
perfeet finishing coats can be obtained if the moisture content of the plaster
remains at 10% or above. Cracks were observed during the application of the
same dolomite under similar conditions, but keeping the moisture content of
the plaster below 10%. -

The continuous supply of water from a plaster possessing an a.dequate
moisture content will prevent the early setting of the hydrated calcium oxide
component of the dolomitic quicklime. This in turn gives sufficient time for
the complete slaking of the magnesium oxide component. However, the
tendency for the calcium oxide component to undergo an early setting,
exerts a pressure on magnesium oxide.- Under these conditions, with an
adequate supply of water from the plaster magnesium oxide component
undergoes slaking rather rapidly. This enables uniform setting of both
components, Undesirable expa.ns:ve forces will not be created under these
circumstances.

33 Effect of carbon dioxide content of - dolommc qulckllme on the
appearance of cracks

It has been observed that ‘hard-bumed’ dolomitic quicklime shows the
appearance of cracks irrespective of the moisture content of -the plaster.
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The extent of ‘hard-burning’ can be measured in terms of the carbon dioxide
content of the dolomitic quicklime.

. Table 1 shows the appearance of cracks when the¢ finishing coat is made
out of dolomitic quicklime having the carbon dioxide content less than 1.0%
(i.e. hard-bumed). Therefore, it is essential to control the carbon dioxide
content of dolomitic quicklime which is entirely dependent on the calcining
temperature and duration. The calcining process expels carbon dioxide from
magnesium carbonate more readily than calcium carbonate.® Since the
proportion of magnesium carbonate to calcium carbonate differs usually
from -deposit to deposit, either the calcining temperature, duration or both
~should be varied accordingly. It is clear from Table 1, that high carbon
dioxide content of dolomitic quicklime (soft-burned) is more desirable. But
- the finishing coat made up of soft-burned dolomitic quicklime having a -
‘carbon dioxide content greater than 10% was found to possess an undesira-
ble ‘texture, The finishing coat was soft and easily removable. Experiments
were conducted to obtain the desirable carbon dioxide content by varying
the heating time. The results are shown in Table 2. The results obtained by
the application of samples of dolomite given in Table 2, as finishing coats are
indicated in Table 3.

Table 1. Effect of Carbon dioxide content on the appearance of cracks.

Time taken to Moisture : CO, Content

obtain appro- content of '

priate moisture the plaster 1.4% 0.9% 0.6% 0.4%

content :

.(in Hours) (%)

23 . 14,18 N N AN C
47 8.79 N c c ‘G
167 1.46 N C C G
191 1.57 " N C C C
215 1.18 N C C C
239 1.10 N C C C
359 ©0.83 "N C G Cc
575 0.81 N i85 Cc C
C = Cracks

- N = No cracks
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Table 2. . Effect of hea[ting time at 900° C on the carbon dioxide content
: .of dolomitic quicklime.

Heating time ' 35 . .. 95 210

(min) _ '- .
%COZ : 12,66 6.35 2.h7 2.46

Composiﬁon of Dolomite:
Cao = 31.84%, MgO - 20.30%, F'f:z()3 = 0.56%.

Table 3. Influence of carbon dioxide content on the appearance of cracks.

Moisture : ; Carbon dioxide content

content of i ) : - :

the plaster P 12.66%  6.35% 2.57% 2.40%

(%) -

13.94 N N ‘M M

12.61 N. . N M M

10.19 N N M M
7.52 "N N ‘M M

Composition of dolomite as in Table 2.
N = No cracks, C = Cracks, M = Mosaic grooves. -

Even though any fractures did not appear on the finishing coat made up
of dolomitic quicklime having the carbon dioxide content 12.66%, the
texture of the finishing coat was found to be soft and unsuitable. However,
the finishing coat made up of dolomitic quicklime having the carbon dioxide
content 6.35% (Table 3) was found to fulfil the necessary requirements.
_ Therefore, the carbon dioxide content of dolomitic quicklime should be

maintained in the range 5 — 10% in order to achieve the requirements fora -
finishing coat. J.

Boynton® has reported that, at a calcining temperature of about 900°C,

the magnesium oxide component undergoes hard-burning in varying degrees.

- The degree of hard-buming therefore should be proportional to the duration

- of heating. High degree of hard-burning reduces the rate of hydration of

magnesium oxide resulting in an increased tendency for the appearance of
cracks when applied as a finishing coat. %
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3.4 Effect of particle size of dolomite on the appearance of cracks

The relationship between the particle size of dolomitic quicklime and the
moisture content of the plaster was observed while keeping the other factors
such as carbon dioxide content, etc., constant. Nevertheless, there was a
practical difficulty of obtaining an equivalent value for the carbon dioxide
content of dolomitic quicklime of varying particle sizes. The carbon dioxide
percentages of 300 mesh, 150 mesh, 60 mesh and 30 mesh particles of
dolomitic quicklime appearing in Table 4 were 6.26%, 15.8%, 4.5% and 9.7%
respectively. It is evident from the Table 4, that the smaller the particle size
of dolomitic quicklime the greater is the resistance acquired by the finishing
coat against the appearance of cracks. If the particles are very small,
undoubtedly there is a complete hydration of both calcium oxide and-
magnesium oxide componeats during the normal slaking, thus enabling the
uniform setting of both components after the application. Therefore, there is
no tendency for the appearance of fractures. Table 4 shows that 300 mesh
particle size is the most appropriate, however, there is a practical difficulty
in obtaining such small particles especially in the cottage level. Therefore,
our studies were restricted to 60 — 100 mesh particle size which could be
obtained without the employment of sophisticated machinery.

Fable 4. Influence of particle size of dolomitic quicklime on the appearance

of cracks
Moisture content - Particle Size
of the plaster :
(%) . 300 mesh 150 mesh 60 mesh 30 mesh
16.8 N N N N
15.4 N N N N
13.5 N N N N
11.2 N N N N
6.1 N N C G
5.5 N N C G
4.8 N N G C
3.8 N N Cc C
3.6 N N c "
3.4 N N C Cc
2.9 N N C C
N = No Cracks C = Cracks
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3.5 Effect of slaking time of dolomitic quicklime on the appearance of
cracks o 9

Application of dolomitic quicklime possessing a carbon dioxide content
2.47%, on a plaster of moisture content 4.33% after slaking for 18, 24, 42,
96, 138 and 216 hours showed cracks irrespective of slaking time. Cracks
have not been observed at any moisture content higher than 4.33%. From
these results, it is evident that complete hydration of magnesium oxide
component will not occur under normal conditions. The extent of hydration
of magnesium oxide component is therefore independent of the time period
in which dolomitic quicklime is kept in contact with water. The exposure of
slaked dolomitic quicklime to atmosphere over a long period results in a
recarbonation by atmospheric carbon dioxide. As a result, the standard
slaking time of 23 hours was employed throughout our investigations.

3.5.1 Effect of the cémposz’tz'on ofd.o.iom:'te. on the appearance of cracks

Four samples of composition as shown in the Table 5 were crushed and
calcined at 900°C for 90 minutes. The results of the application of these
dolomitic and high calcium limestone samples are shown in Table 6.

Table 5. Composition of dolomite and high calcium limestone used.

Sample %Ca0 - %MgO % Fe,0, - % Acid Insoluble
Number _ 7 matter

1 53.65 1.14 e 0.62

2 30.80 21.69 0.36 0.40

3 31.09 21.59 0.15 1.89

4'.

54.82 1.04 0,34 4,38

Table 6. Effect of using different dolomitic and high calcium limestone
: ~ on the appearance of cracks
Sample Nos. 1, 2, 3 and 4 are as in Table 5.

Moisture Powdered Samples Traditionally Slaked Granules
content of i S

the plaster 1 2 3 4 1 & 3 4
(%)

11.59 . N N N N N N N N
11.48 N N N N N N N N
11.28 N N N C N N N N
10.02 M N N C N N N M.
4.25 C C C- C -G C C -G

N = No Cracks, C = Cracks, M = Mosaic grooves. -
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A method similar to the traditional way was adapted in the laboratory
by crushing dolomite into granules of about 1.5 ¢cm diameter and calcining
under the same conditions. The slaking of these dolomitic quicklime granules
gave a powder which was applied on the plastcr in a similar manner, The
results are also shown in Table 6.

It is apparent from Table 6, that the appearance of cracks is indepen-
dent of the composition of dolomite. However, the early appearance of
cracks in high calcium limestone (sample No. 4) could be attributed to the
presence of a high percentage of acid insoluble matter such as silica. Indepen-
dent employment of traditional slaking methods gave identical results. It is
evident from Table 6, that superior results could be achieved by the employ-
ment of the traditional method. This could be attributed to the fact that a
certain amount of acid insoluble matter is removed during the traditional
slaking process as a result of the settlement of the acid msoluble matter at
. the bottom of the vessel used for sIa.kmg

4., Conclusion

Out of the factors which govern the appearance of cracks on dolomitic
finishing coats, the moisture content of the plaster at the time of the applica-
tion of finishing coat and the carbon dioxide percentage of dolomitic qu1ck-
lime are considered to be two major important factors. In conclusion, it is
apparent that one can obtain a perfect finishing coat without any fractures if
one applies slaked dolomitic quicklime of carbon dioxide content in the
range 5 — 10%. Therefore, dolomitic finishing coat can be successfully
applied without the appearance of cracks under the above conditions
irrespective of the composition of dolomite. Moreover, under the use of any
other conditions which provide adequate measures to prevent the differential
hydration and setting of magnesium oxide and calcium oxide components of
slaked dolomitic quicklime, it is possible to obtain dolomitic finishing coats
without any fractures. :
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Abstract : A simple mathematical model is constructed to show that a minute
difference & E in the activation energies of L and D isomers of biomolecules is
sufficient to achieve optical stereoselection in biochemical evolution, Rate equa-
tions describing the competition between selfreplicating molecules of two types
are shown to exhibit spontaneous breaking of right-left symmetry.

1. Introduction

The richness and diversity of the universe depends on lack of perfect
symmetry, The most symmetric universe would be a time reversible
homogeneous gravitating system of Photons!®. ‘Physics’ would become
meaningless in such a situation as intelligent beings cannot evolve in this
world where there is no ‘Chemistry’. In fact if matter is CP invariant a
homogeneous photon universe is probably the only possible realization.

The major macroscopic asymmetries in the universe are (1) the arrow of
time, ie, the general irreversibility of all natural processes, (2) the inhomo-
geneity of space, ie, the matter in the universe are lumped into galaxies placed
far apart, (3) the chemical asymmetry, ie, nearly symmetric forms of matter
allowed by microscopic laws of nature do not exist with equal abundance,
either locally or globally.

Although, the macroscopic world is largely asymmetric, the funda-
mental interactions among elementary particles respect it to a much higher
degree of accuracy, parity and time reversal invariance are only slightl
violated. Recent developments in nonequilibrium thermodynamics®-
indicate that in a system far from thermal equilibrium the minute
asymmetries could get amplified to generate large scale macroscopic
asymmetries. Thus it is possible that macroscopic asymmetries in the
universe are direct consequences of microscopic asymmetries. Current
developments in elementary particle physics suggest that the observed
baryon-antibaryon asymmetry in the universe is a result of small violations in
CP and the baryon number conservation! 11Several authors have proposed
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_that biochemical L — D stercoselection is caused by parity violations in
weak interactions”s 12 After the discovery of weak neutral currents much
attention is given to this idea?* as the neutral currents could give rise to
minute but nonzero difference in the activation energies of the two
enantiomers. of the same compound In this work we present a simple
exactly soluble model which clearly shows biochemical L — D stereo-
selection could result as a sponta.neous breaking of symmetry in an
nonequilibrium process.

1.1 Model

It is genera.lly believed that life originated in pnmeval oceans containing
dissolved organic compounds formed by the action of soldr ultraviolet
radiation or electrical discharges on the primitive atmosphere’>” As there are
no significant right-left distinguishing factors in the chemical or geophysical
environment, we assume that the prebiotic medium was a racemic mixture of
‘basic chemical building blocks of life’ (eg, amino acids) and stereoselection
occurred after the development of self-replicating molecules, At the initial
stages both L and D isomers of primitive self-replicating molecules would
have existed in comparable concentrations. These molecules use compounds
in the prebiotic medium of the correct type (L or D) as foed and regenerate
molecules of the same type. However, because of the difference in activation
energies resulting from neutral currents, the rate constants of replication K
and K for the two types of molecules will not be exactly equal. Again the
self-replicating molecules of one type could interact with the other type
inhibiting growth mutually, Perhaps the mixed polymers formed with L and
D molecules cannot undergo replication. If N. and.N_ are the concentra-
tions of the two types of sclf—rephcatmg molecules, the rate equations
governing their evolution can be written in the form,

dN

s T ;
T m KLNL iy a'NLND .
(1)
dND o .
dft_——- = KDI\D — aNnNL

where, a = constant and K, , K, are the replication constants of the two
types of molecules. In the prcsence of neutral currents K| is not exactly
‘equal to K, and before considering the asymmetric equatlons with
K, # K, We consider the symmetric equations with K; =K, =K. If we
impose the symmetric initial condition N, = N t - e, the equation (1)

with K; =K, =K has a symmetric solution,

D?*

N, = Ny = K (a+ abe®® ) _ : (2)

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Spontaneous Breaking of L — D Symmetry in Biochemical Evolution 13
and two asymmetric solutions, where b is a constant.
ey Aekt[ 1 c—(aMK)EKj

N, = Aekt o (aA/K)eR [l e—(aA{K)eKt]

Ny

- ’ (3)
or . i

NP = Ae‘_‘t[ 1 — e (aA/Kle 1
: -1 : 4
N = Aekt e—(aAJ’K)ekt [1 __e—(aAfK.)cKt]- ( )
L

The symmetric solution and the two asymmetric solutions are plotted
in Figure 1 and the phase trajectories are shown in Figure'2, In the first
asymmetric solution N =, N_ - 0 as t » e, the reverse happens in the
second asymmetric solution. Stability a.na.lysls shows that the symmetrlc
solution become unstable once the equilibrium concentration N, = N =
K/a is reached and bifurcate into one of the stable solution. C Ifca.rly the
model exhibits spontaneous breaking of L. — D symmetry. However, this is
ineffective in generating the required stercoselection. Points in the medium,
where the symmetry is broken in one sense would occur with equal proba-
bility as the places where the symmetry is broken in the opposite sense.
Nevertheless a difference in K. and K however small is sufficient to ensure
the survival of the two isomers. If B, > B the appropriate solution of (1)
' 185

Kt

N & L
0.

Z
It

_ 3 ' 5
N = NneKDte—aNoikeK‘ : | . )
The solution (5) is sketched in Figure 3. It is seen that once the concentra-
tion of L and D isomers reach a value comparable to the equilibrium
concentration an unstability develops and

NI__)W’ND —>Oas1:->°‘*.

We have ignrored the diffusion of intetacting molecules, In the actual
situation, diffusion plays an important role in determining the spatio-
temporal distribution of the reaction products. When diffusion is included
into (1) we obtain the equatlons -

aN, o

o= = KN, —aN, N, + bo’N,

aN % : ©
—B- = KN, — aN_N_ + bo?N

at D._ DL D
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o0 - 1 SEoo < QZ
g ‘_Z 2I2UM UOTIN[OS ILIDUWIWASE w_ﬁ (2)

o4 15C o0 N
LT 2U3YM UONIN]OS JLIDUIIASE 241 (q)
z..ﬁ = .AZ alaym uonnfos uEuE_s%m 1 (')

154 AQZ = NZ 10 HZ = .ﬂz_ 10 101d ay L
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v

N,

Figure 2 : Phase trajectories showing the unstability of the symmetric solution.
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/ '

Figure 3: The pl';)t of N (N, or N ) vs t when K. K

The analytical solution of the coupled three dimensional partial differential
equations (6) is exceedingly difficult. However, it is possible to show that in
the one dimensional case solutions of (6) exhibits spontancous breaking of
the homogeneity of the spatial distribution of L and D isomers. If K; > K,
the colonies containing N, would predominate and expand.

Kondepodi and Nelson? have shown that in models of the above type

bifurcation takes place only if [K, — K_ ] exceeds a lower limit and neutral
current effects could produce a sufficiently large difference in K; and K
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Abstract + Biotite in some biotite grade pelitic rocks from north-east Antrim,
Ireland, is concentrated along Sy cleavage zones and is absent, or present only in
small amounts, in areas between the cleavage zones. Thus, the S, cleavage zones

. form biotite-rich domains, while the intervening areas form biotite-poor domains
in the rocks. It is shown that the various models proposed to explain metamor-
phic differentiation, involving passive concentration of more dense, less soluble
phases by solution and selective removal of more soluble phases, cannot be used
o account for the differemtiated feature observed in the studied rocks, To explain
the segregation snd the mechanism of metamorphic differentiation, it is suggested
that biotite had preferentially nucleated and grown in the 5, cleavage zones.

1. Introduction

The term metamophic differentiation denotes collectively the various
processes by which contrasted mineral assemblages develop from a rock
in which the minerals are more or less uniformly distributed. It is also used
in.a wider sense to include growth of porph;zroblasts and reaction between
compositionally contrasting adjacent layers.>’ The differentiation of a meta-
morphic rock into. mineralogical and/or chemically different portions is
contrary to the generally accepted concept that metamorphism usually tends
to obliterate compositional differences of premetamorphic textures.

~ Schmidt® attempted to explain metamorphic differentiation purely
on mechanical grounds. He suggested a process of tectonic unmixing similar
to that found in rolled wrought iron, which is partially unmixed during
‘deformation into layers of relatively pure iron alternating with carbon-rich
iron, According to him, shearing of rocks causes more ductile minerals
(eg. micas and amphiboles) to concentrate in layers of intense shear, whereas
less ductile minerals (eg. quartz and feldspars) tend to remain in less sheared
portions of the rock.

Nicholson® described metamorphic differentiation associated with
~ crenulation cleavages in quartz-mica schists which showed concentrations
of quartz at the crests of crenulations and development of mica-rich zones
at the limbs of the crenulations. He suggested that migration of silica from
areas of high strain and recrystallization of quartz at sites of minimum strain
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develop this type of metamorphic differentiation. Talbot and Hobbs® and
Gray® also described metamorphic differentiation associated with discrete
crenulation” cleavages. Gray produced analytical data to support his conclu-
sion that the discrete.crenulation cleavages were solution planes and he
. suggested that the differentiated nature was caused by passive concentration
of relatively insoluble materials, such as micas and chlorite, due to solution
and removal of quartz along the cleavages.

. Hyndman* - discussed the formation of quartzo-feldspathic layers
parallel to schiotosity and axial surfaces of folds in a series’ of silt and shale
beds.” He proposed that the metamorphic differentiation process involves
migration of some compounds (eg. to form quartz and feldspars) to lower

_pressure surfaces parallel to schistosity and migration of other components
less of this tendency to the higher pressure sites (eg. to form mafic minerals)
during metamorph1sm and deformatxon

In this paper, metamorphic differentiation associated with crenulation
cleavages in some biotite schists is described and on the basis of petrographic

' data, it is proposed that biotite may have nucleated and grown preferentially

in S, cleavage zones.® It is also shown that the above described processes

such as solution, recrystallization and tectonic unmixing cannot explain this
differentiated feature

S, IRELAND

IREL AND

Figure 1 : Location of the study area

2. Geological settin.g of the study area

The-samples examined in the present study were collected from the Dalradian
rocks of north-east Antrim, Ireland (Figure 1). These rocks represent biotite
grade metamorphism and have been affected by three phases of deforma-
tion, The first deformation phase (D,) produced a slaty cleavage (S,) and
the second phase deformed these rocks intensively and produced the reglonal
schistosity which is a discrete crenulation cleavage (S,). The third deforma-
tion phase D, produced small-scale folding and crenulation of S, to form

S,.
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3. Petrography

The examined samples are dark grey, fine grained rocks with abundant
white/grey albite porphyroblasts which gave a spotted appearance to these
rocks. S, crenulation cleavage is well developed but S, is weak or may be
absent.

The petrographic microscope reveals that the rocks are composed of
albite, muscovite, biotite, quartz, chlorite, apatite, tourmaline and ore
minerals and the modal percentages of the minerals indicate that they belong
to the category of pelites,

Albite : albite porphyroblasts (best seen under a microscope) are abundant
in the studied rocks. A characteristic feature of the albite porphyroblast is
that they contain numerous trails of inclusions which define various
microstructures including S, and S, crenulations. In some specimens, albite
porphyroblasts are reversely zoned at the rim. A much larger area which
included north-east Antrim was studied and the age relationships of albite
porphyroblast growth established. The albite porphyroblast grew during two
static periods following D, and D, phases of deformation.

Biotite : Two types of biotite crystals occur: fabric-forming type and slightly
larger crystals (microporphyroblasts). The fabric-forming type crystals are
dimensionally oriented parallel to S, and S, cleavages but they are

Figure 2 : Concentration of biotite crystals (stippled) along S, cleavage zone and predo-
minance of muscovite crystals (unshaded) outside S2 cleavage zone, Diagra-
. matically redrawn from a microphotograph.
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characteristically concentrated along S, cleavage zones and define biotite-
rich domains in the rock. The areas between S, cleavage zones are composed
mainly of muscovite and they form the biotite-poor domains (Figure 2).
Fabric-forming biotite crystals are highly strained and they are curved at the
junction between S, and S, cleavages indicating either rotation of the
crystals during the development of 8, or Syn D, formation of biotite
crystals. Some microporphyroblasts are dimensionally aligned parallel to
S, and S, but others are randomly oriented across S, cleavage. Biotite
rmcroporpilyroblasts are strain free or only slightly stramed. On the basis of
texture and optical character it is inferred that biotite has. grown mainly
during syn D, to post D, period although an extended pre-D age cannot be
- ruled out.

Muscovite : muscovite crystals also occur in two forms and they are mainly
confined to biotite-poor domains. Fabric-forming crystals and most
microporphyroblasts are dimensionally aligned parallel to S,. Some
- microporphyroblasts are dimensionally oriented across S,. Both typcs of
crystals may be intergrown with biotite. ‘Textural study reveals that
muscovite contmued to crystallize from earliest to late stage development of
the rocks. .

Chlorite : primary chlorite is genera].ly absent in the rocks studied. However,
when primary chlorite is present, it occurs as dimensionally aligned crysta]s,
or the erystals may be clustered together.

Quartz The specimens described i in: this study contain little or no- quartz _
Therefore, the biotite-rich domains as Well as the blotltc-poor ‘domains are
poor in quartz,’ .

4 Discﬁseicm ;

The petmgraphle study reveals tha.t the rocks studied have been differentiated,

on a microscopic scale, into biotite-rich and biotite-poor domains and the-
biotite-rich domains coincide with 8, cleavage zones while the biotite-poor
domains lie between them, Both types of domains contain little or no
quartz, Also, albite which occurs as porphyroblasts show no definite spatial
relationship with respect to the two domains. In this respect, the above
described segregation” differs from the eornmon.ly reportcd dlfferentlanon_
associated with crenulation cleavage (Figure 3).
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Figure 3 : Differentiation associated with crenulation cleavage. Note the dominance of
quartz and feldspar (subrounded to polygonal grains) in the biotite-poor
domains. Biotite-black, muscovite — blank (After De Sitter, L, U.(1964).
Structural geology, McGraw Hill),

Schmidt’s® tectonic unmixing model cannot be used to account for the
observed textural and mineralogical feature because the minerals involved
are mainly biotite and muscovite micas which are considered to have similar
mechanical properties. Nicholson® and Gray?® considered that the segrega-
tion associated with crenulation cleavage was formed by selective solution
and removal of silica resulting in the concentration of minerals such as
chlorite, micas and amphiboles. However, there is no petrographic evidence
in the studied rocks for selective solution and recrystallization of silica.
Hyndman’s* model explains thé contrasted mineral banding formed by
-quartz and feldspars on one hand and mafic minerals on the other hand but
the model fails to explain adequately the observed segregation involving
mainly biotite and muscovite micas. '

There is no convincing textural evidence in the rocks indicating the
nature of the biotite forming reaction. However, on the basis'of mineralogy
of the rocks and general absence of primary chloride in them, it is suggested
that the biotite producing reaction is of the form,

muscovite, + chlorite - - biotite + muscovite, + quartz + H-ZO

Therefore, if the biotite producing phases'v{rere segregated aldng the S,
cleavage zones due to any one or more of the above discussed mechanical or
chemical processes, then the growth of biotite would have produced the
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observed differentiation. However, this explanation seems to be unlikely
since chlorite-bearing, biotite-free rare rocks do not show any segregation of
chlorite and muscovite along the S, cleavages.

To explain the differentiation, it is suggested on the basis of petro-
graphic evidence that biotite is preferentially nucleated and grown in S,
cleavage zones where the phyllosilicates have their highest interval strain
energy. Ease of nucleation and diffusion of biotite forming components
towards the nuclei in the highly strained regions, reduce the probability of
nucleation of biotite in other regions. As the nucleation and growth of
nlotite proceed, these regions become separated from the other regions.

TR TN
Ty egrér:"é _l\(:\,

f i SRl

Figure 4 : Large kyanite crystals (Type 1) formed along S, cleavage zone and smaller
(Type 2) kyanite crystals formed outside S_ cleavage zone, Biotite stippled,
muscovite-unshaded, quartz marked as th.S(Reclrawn from Fig. 2 of Bram-
well, 1985).

Recently, Bramwell' has described concentration of kyanite crystals in
S, cleavage zones in some pelitic rocks from Switzerland (Figure 4). The
kyanite crystals in the S, zones are compositionally zoned with respect to
Fe,O,. He has used textural and analytical data to show that kyanite first
nucleated in the S, zones and later in the regions outside these zones.
Bramwell suggesteff that the differentiation was produced by preferred
nucleation and growth of kyanite crystals in the S, zones. Thus preferred
nucleation and growth of minerals in highly strained regions may be an
important process causing differentiation.
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Abstract : Rice hull ash cemént’has been produced by grinding a mixture of rice
hull ash and hydrated lime. The most suitable conditions for its production and
the important properties of the product such as compressive strength, setting
times and-hydration have been investigated. The compressive strength of the
cement is found to be in between the values for portland and masonry cements.
Major hydration products have been ‘identified as tobermorite gel, dicalcium
silicate hydrate, xonolite and tobermorite type of calcium silicate hydrate, The
binding property of cement can be-mainly attributed to the formation of tober-
‘morite gel and ‘dicalcium silicate hydrate. Observed variation of compresswe
+ strength of rice hull ash cement with composmon Wwater content, curmg time and
ﬁnencss has been discussed. g b ;

1. Introduction ;

Rice hull is one of the major agncﬂtural by—products in rice growmg'
countries. Recently several Asian countries have found® that rice. hull
ash obtained by burning rice hull possesses pozzolanic properties and hence a
cheap pozzolanic type of hydraulic cement can be prepared by mixing with a
calcareous material such as quick lime or hydrated lime, For the develop-
ment of the quahty of cement and to determine optimum conditions for
production, it is essential to study the effect of lime/rice hull ash ratio,
water/cement ratio, fmencss, ctc,, on the strength and other physlcal
properties of cement. It is also nécessary to investigate the nature of
hydratmn products. : :

This paper rcports the results of mvestlgatmn on the hydration process
of rice hull a.sh cement and the nature of hydration products. -
2. Experimental
Cement samples for this study were prcpa.rcd by grihdjng a mixture of rice
- hull ash and hydrated lime in a ball mill. Since quick lime is highly reactive
and difficult to handle hydrated lime ‘has been used in the present study.
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The rice hull ash was obtained by burning two different varieties of rice hull
BG 11-11 and BG 34-8 under different laboratory conditions. Physical
properties such as compressive strength, standard consistency, setting times,
fineness, specific gravity, bulk density and loss on ignition have been
‘investigated. The standard consistency and setting times were determined by
. using Vicat apparatus, compressive strength and fineness by using universal
compression testing machine and Blaine air permeability apparatus, model
EL 88-100, respectively. These determinations have been carried out
~ according to the methods described in the British Standard.? -

Cement sa.mples were hydrated by mixing 1 g of cement with 0.66 ml
- of distilled water in a petri dish for 24 h,, 7, 28, 60 and 90 days. Area of the
paste was made to about one square mch and kept at room temperature
(25°C) and under atmospheric pressure. A mixture of rice hull ash (0.73 g)
-and hydratcd lime (0.27 g) was hydrated with the same amount of water and
kept under the same conditions. The hydrated samples were examined by
differential thermal analysis (DTA) and X-ray powder diffraction. Instru-
‘ments used for this study were MOM Q -Derivatograph andJDX-S SDwith K. -
' radlanon, respectively.

'3..Results and Discussion
3.1 Preliminary Studies on Cement

Figure 1 shows the variation of compressive strength of cement with rice hull
ash to hydrated lime ratio. The most suitable ratio of rice hull ash and
hydrated lime for production of cement was found to be 8:3. The
compressive strength of cement increases with increase of water/cement ratio
upto 0.6 and decreases, as shown in Figure 2. This indicates that the water
requirement of cement is high when compared with ordinary portland
cement, The relatmnshlp between developmcnt of strength of cement and
duratlon of curing of mortar cubes is glvcn in Figure 3.

It has been found that the compressive strength increases rapidly upto 7
days and then increases very slowly with time. This indicates that the
concentration of hydrated compounds which are responsible for binding
property increases rapidly upto 7 days. Figure 4 shows the relationship
between the compresswc strength of cement and grinding time, It was found
that the strength increases with increase of grinding time, This indicates that
the compressive strength of this kind of pozzolana cement is proportional to
the fineness of cement.
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Figure 1. Effect of composition of mixture on compressive strength
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Figure 2. Effect of water/cement ratio on compressive strength
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Digitized by Noolaham Foundation.
noolaham.org | noolaham.media



http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

30

S

P

STRENGTH

COMPRESSIVE

1600

1400

1200

1000

800

600

D. R. K. Lokuliyana et. al.

I 2 3

GRINDING TIME HOURS

tigure 4. Effect of grinding time on compressive strength
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3.2 Physical Prﬁperties of Cement

Table 1. Physical properties of rice hull ash- cement and portland cement

.

R.H.A. Cement Portland Cement

(Present study)

Physical Property

Compressive

strength at 7 days

psi 1922 ; 4714 -

Setting times initial — 50 initial — not less than 45
minutes final — 140 final — not more than 600
Standard Consistency

% by weight 70.67 40.00

Loss on ignition shall not exceed

% by weight 12,59 4

Specific gravity - 2.43 Al i

Bulk density g/ml N 0.61 1.51*

Fineness cm?/g . 6986 4000

Note: *These values for portlaﬁd cement have also been experimentally determined in the present
study.

Table 1 gives-a comparison of some of the important physical proper-
ties of rice hull ash cement and portland cement.? Compressive strength of
cement is in between masonry and ordinary portland cement. Setting times
and standard consistency’ are almost under the specification limits of
ordinary portland cement. Specific gravity and bulk density are very low
when compared with portland cement. This is mainly due to the presence of
a large amount of organic matter in rice hull ash and also due to the presence
of amorphous silica and hydrated lime as unreacted forms in cement. High
loss ‘on ignition is due to the oxidation of organic matter in rice hull ash and
the decomposition of hydrated lime. o

3.3 Hydration Studies

DTA and X-ray diffraction pattern of hydrated samples are shown in Figures
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Figurc 5. DTA of hydrated cement
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5 and 6. Hydrated compounds such as tobermorite gel, dicalcium silicate
hydrate, tobermorite type of calcium silicate hydrate and xonolite have
been detected. DTA also showed an exothermic reaction at 860°C due to
formation of a-wollastonite from CaO and amorphous silica. .

This kind of dehydration reactions were observcd by thermal treatment-
of artificial and natural minerals.® * It is s;gmficant that the dehydration
temperature of tobermorite gel decreases with increase of duration of the
hydration period. This is because the dehydration temperature of tober-
morite gel depends on the proportion of free water and water of tobermorite
gel.

These results indicate that the concentration of tobermorite gel
increases upto 7 days and then decreases with increase of hydration period.
X-ray diffraction pattern of tobermorite gel consists of a few broad peaks

which were observed at 3.06, 2.86 and 1.82 A.

It was found that the X-ray diffraction pattern of dicalcium silicate
hydrate shows a series of sharp peaks and their intensity increases with
increase of duration of hydration period. This shows that the goncentration
of dicalcium silicate hydrate increases with increase of hydration time, The
variation of concentration of tobermorite gel, concentration of dicalcium
silicate hydrate and compressive strength with time is represented in- Flgure T

The I'El.pld increase of compressive strength in the earlier penod of
curing is due to the sudden increase of tobermorite gel content. Then the
slow increase of strength is due to the increase of concentration of dicalcium
silicate hydrate. Therefore, this clearly indicates that there is a significant
effect of variation of concentration of tobermorite gel on the strength. These
results suggest that the tobermorite gel formed in the earlier period is
unstable and therefore, it begins to convert into dicalcium silicate  hydrate.
The mstab]llty of tobcrrnonte gel is most probably due to its less CaO/SiO,,
ratio and this is lgss than the value observed in portland cement paste. The
observed ratio is less than two and it increases upto two by releasing
amorphous silica into the medium. :

The possible reaction sequence can be given as follows.

xCa0.y8i0,. H,0 —»  2Ca0. Si0,. H,0 + zSi0,

tobermorite gel dicalcium - amorphous
: :  silicate : silica

~ hydrate
(xfy < 2)
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5 10 15 20 2

DURATION : DAYS

Figure 7. Variation of tobermorite gel, dicalcium silicate hydrate and compressive
strength with duration
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The hydrated mixture of rice hull ash and hydrated lime after 28 days
showed the presence of organic matter, CaCO,, amorphous silica, tober-
morite type of calcium silicate hydrate and xonohte This indicates that the
fineness of the rice hull ash particles is not sufficient to produce tobermorite
gel.

3.4 Studies on Unhydrated Cement

It has been found that the two major constituents of cement, amorphous
silica and Ca(OH), are present as free (unreacted) forms. Differential
thermal analysis showed the formation of dicalcium silicate hydrate at
480°C as a result of reaction between amorphous silica and Ca(OH), . It was
found that the reaction depends on the activity of silica. The formation of
aswollastonite -was observed at 860°C and this reaction depends on the
activity and particle size of the silica source. :

4. Conclusions

The two main constituents of rice hull ash cement, amorphous silica and
Ca(OH), are present as free (unreacted) forms. During hydration these two .
react to form hydrated compounds. Bulk of the hydrated cement sample
consists of large amounts of amorphous silica and CaCO 5+ On hydration, two
_main compounds, tobermorite gel and dicalcium silicate hydrate are formed.
The binding property of cement is mainly attributed to the formation of -
these two compounds. In addition to these two, other calcium silicate
‘hydrates such as tobermorite and xonolite are also formed in very small
quantities. However, these two compounds were not dctected by XRD
analysis because of their Iow concentrations,
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Abstract : The bonding in 12-crown-4[I], 1, 7-diaza-12-crown-4 [II]
tetraaza-12-crown-4 [III] and [12-crown-4] Na* complex was investigated by
performing self consistent charge and configuration [SCCC] calculations, These
calculations on crown ethers [I] — [I1I] indicate that the ioni¢ chardcter of bonds
between neighbouring pairs of atoms decreases when the oxygen atoms in 12-
crown=4 [I] are replaced by nitrogen atoms., They also indicate that the negative
gross atomic charges on the oxygen atoms in 12-crown-4 [I] are greater than
those on nitrogen atoms in tetraaza-12-crown-4]1I1] and this may be the reason
“why macrocycles and cryptands containing oxygen as the donor atom form more
stable complexes with alkali metals than their nitrogen analogues. SCCC calcula-
tions on [12-crown-4] Na* complex indicate that 12-crown-4 will form a stable )
complex with Na' ion at a distance 0,150 nm above the centre of the plane
constructed by the four oxygen atoms in the crown ether. This calculation also
shows that the bonding between 12-crown-4 and Nat ion has both electro-static
and covalent contributions and that a part of the positive charge on Na* ion is
neutralised by pulling the electron density all the way from hydrogen ‘atoms
through orbital interactions. :

1. Introduction

The crown ethersa.rccychc compounds cssentlally made up of-[CH, XGH ]
repeating units where X =" 0, N or S. They have an mterest:mg chermstry
and one of their important properties is their. ability to selectively take metal
cations into their cavities to form stable complexes. They are also important
with respect to metal ion transport. Hence the synthesis and characterisation
of crown ethers and the study of their interaction with metal ions and
ammonjum guest molecules have been of interest to many chemists. Crown
ethers are also of great interest to the theoretical chemists because they
represent the simplest model system which might contain -some of the
features of enzyme specificity. The crown ethers can usually adopt more
than one conformation.  The actual conformation ad0pted depends on the
nature of the guest molecule and this conformation may be different from
the stable conformation of the uncomplexed crown ether. For example, 1, 4,
7, 10-tetraoxacyclododecane [12-crown-4] [I] can a.do_‘;_)t4 2120 three
different conformations. Out of these the ag'g ag g ag g ag" g confor-
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mation [IV] of C, symmctry is observed®*? in alkali metal complcxcs
whereas the more  stable conformation of uncomplexed 12-crown-4 is’

ag g ag g+ag g ag g conformation [V]. We present our results on the
self-consistent charge and configuration [SCCC] calculations performed® on
12-crown-4 [I] 1 ,7-diaza-12-crown-4 [II] tetraza-12-crown- 4[III] and
[12-crown-4] -Na* complex [ _|] in order to study the bonding in these
molecules. The ag'gtaghgt agh g ag'g" conformation of 12-crown-4 was
taken as the model for our calculations. - 5 s '

2. Computational Method

Thc method used was the FORTICON® programme of Hoffmann and co-
workers.?*%8 This is an all valence electron calculation [3s and 3p atomic
orbitals of sodium atom, 2s and 2p orbitals on second row atoms and 1s on
hydrogen atom are used] and was used in its charge iteration mode, Itera-
tions were continued until successive ones produced a change less than 10"%e
[e = electronic charge] in the charge on any atom. The geometry of
12-crown-4 used was taken from reported X-ray crystallographic datal® The
same geometry was used for diaza-12-crown-4 [IV], tetraaza-12-crown-4[V]
and [12-crown-4] Na' complex. C—H, C—C, C—0O, C—N and N—H bond
lengths of 0.1091, 0, 1536 0.1430,0.1472 and 0. 1008 nm respectively were
used. :

. 3. Results and Discﬁssion :

Self-consistent charge and configuration calculation provides four pieces of
information, namely the gross atomic charges, the overlap populations, the
molecular orbital energy levels and the LCAO expansion of molecular
orbitals which could be used to compare the electronic structures of crown
ethers and their complexes.

3.1 “Gross Atomic Charges

- The gross atomic charges are given in Table 1. The negative charges on
oxygen atoms and positive charges on carbon atoms in 12-crown-4 and 1,7-
. diaza-12-crown+4 are in agreement with the more electronegative character
of oxygen compared with carbon. The hydrogen atoms attached to carbon
are also positively charged. Thus the oxygen atoms withdraw electrons not
only from carbon but also from hydrogen through the orbital interaction.
Table 1 also shows that the negative charges on oxygen atoms in 12-crown-4
[—0.305¢] and 1,7-diaza-12-crown-4 [—0.318e] are very much greater than’
those on nitrogen atoms in 1,7-diaza-12-crown-4 [—0.144¢] and tetraaza-12-
crown-4 [—0.155e] and this difference in gross atomic charges is also in
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- Table 1. Gross Atomic Charges in Molecule I — IV

Atom Gross Atomic Charges (in electron unit)
12-crown-4 ” T_)iaza—lz—crown-4 . Tetraaza- (12-crown-4) Na*
12-crown-4 complex

0 —0.305 -0.318 = —0.375
1C 0.110 0.074 0.062 0.118
ZC 0.110 0.097 ; 0.062 . 0.118
H - —0.144 —0.155 =
_H(IC) 0.021 0.007 0.003 ' 0,077
H2c) 0.021 0.016 : 0.003 0.077
H(N) = 0.026 0.022 =

Na* - - - 0.328

agreement with the electronegativities of oxygen and nitrogen atoms. For
the same reason the positive charges on carbon atoms of 1,7-diaza-12-crown-
4 and tetraaza-12-crown-4 (Table 1). The positive charges on hydrogen
atoms attached to carbon are also very small [almost negligible] in the case
of tetraaza-12-crown-4. In other words, overall charge separation in
tetraaza-12-crown-4 is very much less whcn comparcd with those in
12-crown-4.  This explains the observed!?!3151% marked decrease in
stability of the alkali cation complexes with macrocyles and cryptands
‘when oxygen binding sites are replaced by nitrogens.

3.2 The overlap population

Table 2. Overlap populations in molecules I — [V

Bond 12-crown-4 Diaza-12-crown-4 Tetraaza- (12-crown-4) Nat
12-crown-4 complex .

C-0 0.675 0.680 - 0.669

C—H 0.818 0.822 0.824 0.803

C—C 0.831 0.825 0.816 0.823

N—H — : 0.790 0.790 -

C—N - 0.730 0,739 —

C—Nat - =, e 0.124

Further insight into the bonding is obtained from the overlap populations.
The overlap populations between neighbouring pairs of atoms are given in
‘Table 2. It shows that the overlap populations between carbon atoms and
nitrogen atoms in diaza-12-crown-4 [0.730] and tetraaza-12-crown-4 [0.739]
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(I)X=Y=0
(IT) X =0; Y = NH
(III) X = ¥

]
=
o
w
+

(V1)

(V)
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are greater than those between carbon atoms and oxygen atoms in 12-crown-
4 [0.675] and diaza-12-crown-4 [0.680]. This again reflects the more
covalent character of C—N bond when compared with C—O bond. Table 2
also shows that the overlap populations between carbon atoms and hydrogen
atoms increase when the heteroatoms in 12-crown-4 are changed from
oxygen to nitrogen and this is in agreement with the observed decrease
in positive charges on carbon and hydrogen atoms.

Table 3. Total Energy of Valence Electrons and Energies of first ten HOMO's and LUMO

Orbital : Energy/eV
12-crown-4 Diazo-12-crown-4 Tetraaza-12-crown-4

HOMO y 10.10 (9¢) — 9.90 (5¢) - 9.74(5b_2)
—10.12(?b1) —10.40 (4¢) i 10.25(12¢)
—10.15(6ay) 10.80(14b) ~10.90(52,)
- 10.81(6b1) —10.95(12a) +—12.40(11e)
—10.98 (8e) —12.24(11a) -12,58(10¢)
—11.19(53.1) —12.43(13b) ---13.59(4b2)
——12.53(5b2) —12.63(12b) ~13.73 (9¢)
—12.58(4b2) : —12.92{11b} o=

LUMO 0.504(8b1) 0.675(13a) 2.04(13e)

Total Energy ;

of Valence —1260.13 —1247.8 _ —1237.6

Electrons -

3.3 Molecular Orbitals and the Energies of Valence Electrons

The calculated molecular orbital energies of the first ten highest occupied
molecular orbitals (HOMO.s) and the total energy of valence electrons of
12-crown-4, diaza-12-crown-4 and tetraaza-12-crown-4 are given in Table 3..
It is interesting to note that these calculated molecular orbital energies of
12-crown-4 agrees well with the reported” binding energy values by photo-
electron spectra. The LCAO expansion of these molecular orbitals show that,
in 12-crown-4, the first eight HOMO.s have contributions from oxygen
atoms only and hence could be considered as lone pair molecular orbitals.
The ninth and tenth molecular orbitals [E = —12.53eV and —12—-58eV]
have contributions from all oxygen atoms and carbon atoms and could be
assigned to ¢ molecular orbitals. Similarly, in diaza-12-crown-4, the first six
HOMO.s are found to have the lone pair nature [contributions from oxygen
and nitrogen atoms only] whereas in tetraaza-12-crown-4, the first four
HOMO.s have the lone pair nature[ contributions from nitrogen atoms only].
Table 3 also gives the molecular orbital energies of LUMO of crown ethers,
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The LCAO expansion of LUMO.s of crown ethers have contributions from
the heteroatoms [oxygen atoms and/or nitrogen atoms] and carbon atoms.
Table 3 further shows that the replacement of oxygen atoms by nitrogen
atoms in crown ethers decreases the binding energies of valence electrons and
increases the molecular orbital energy of LUMO slightly, In other words, the
~energy -difference between HOMO and LUMO increases slightly from
12-crown-4 to tetraaza-12-crown-4.,

3.4 [12-crown-4] Na+.C0mplex

SCCC calculations on _[12 crown-4]Nat complex were performed by
changing the distance of Na™ from the centre of the plane constructed by
the four oxygen atoms in 12-crown-4 in a direction perpendicular to the
plane away from the carbon atoms. The plot of total energy of valence,
electrons vs the distance is shown in Figure 1. From this plot it is evident
that Na™ ion is too large an ion to be at the centre of the cavity of 12-crown-
4 and that the stable complex is formed when the Na™ ion is at a distance
0.150 nm out of plane. This is in agreement with the reportede ray
crystallographic data for bls[12 -crown-4 | Nat’ complex. The bonding
between the crown cther and Na™¥ ion could be considered to have both
electrostatic and covalent contributions. The electrostdtic contribution is
mainly from the ion-dipole interaction between Na' jon and negatively
charged oxygen atoms. The gross atomic charges (Table 1) and the overlap
populations (Table 2) of [12-crown-4] Na® complex indicate that there is
a reasonable amount of covalent contribution to bonding between Na% ion
and 12-crown-4. This is ma.le due to charge transfer interaction. Td.ble 1
shows that in [12-crown-4] Na' complex, the negative charges on all oxygen
atoms have been increased by 0.070¢, the positive charges on carbon atoms
have been increased only by a sl amount [0.010e] and the positive
charges on hydrogen atoms have been m(,rea.sed by 0.056e. This indicates
that a part of the positive charge on Na' ion is neutralised by pulling the
electron density all the way from hydrogen atoms through orbital interac-
tion. This is also indicated by reduction in the overlap populations between
carbon and hydrogen atoms and carbon and oxygen atoms (Table 2).

4, Conclusion

SCCC calculations on crown ethers I — III indicate that the negative gross
atomic charges on the heteroatoms decrease when the oxygen atoms in
12-crown-4 [I] are replaced by nitrogen atoms. This explains the
observed?1315:18 marked decrease in stability constants of the alkali
cation complexes of crown ethers and cryptands when oxygen binding sites
are replaced by nitrogen atoms as the metal ion-oxygen bond in alkali metal
complexes could be pudummmﬂy ionic, SCCC calculations on [12-crown-
4] Nat compkx indicate that the arrangement for a stable complex is that
with Na® ion at a distance 0.130 nm above the centre of the plane

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Self-consistency Charge and Configuration 43

-268-5 . : . 1
-
L¥)
Ty
w
Z
s
& -ze90
9
=
=
w
0
z
m
s
ol
-
i
=]
B
O 12693
o
=
Z
@
&
-
bl
]
=
-2m-0

i-00 I-20 I-40 I-60 180

DISTANCE X K/ am  —— R Y

Figure 1, The plot of total energy of valence clectrons of (12-crown-4) Na* complex vs
the distance of Na* from the centre of the plane constructed by the four

oxygen atoms in 12-crown-4,
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constructed by the four oxygen atoms in the crown ether. 'I'h1s calculation
also shows that the bonding between 12-crown-4 and Na' ion has both
elcctrostatlc and covalent contributions and a part of the positive charge on
Na® ion is neutralised by pulling the electron density all the way from

hydrogen atoms through orbital interactions. The observation that the aza
- crown ethers form stable Complexcslo 11,1419 with transition metal ions

than with alkali metal ion is consistent with ‘the lower charge and higher
overlap populations of carbon and nitrogen in crown ethers,
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SELF-CONSISTENT CHARGE AND CONFIGURATION (SCCC) CALCU-
LATIONS ON 1,6-DICARBA-CLOSO-HEXABORANE (6), 2,4-DICARBA-
CLOSO-HEPTABORANE (7) AND THEIR METALLO-DERIVATIVES

RAJESWARY MAGESWARAN \
Department of Chemistry, University of Jaffna, Ja ffna.

and

N. J. FITZPATRICK | ' _
Department of Chemistry, University College, Dublin, Dublin 4, Ireland

(Daze of receipt : 14 May 1985)-
(Date or acceptance : 2 March 1987)

bstract : The bonding in 1, 6-dicarba-closo-hexaborane [6] [1{, [C BSH
Fe(CO) . Ml [11]. 2,4-dicarba-closo-heptaborane([7] [111], [C, B H, {Fe(cd)]}
rvi, andl [C B,H { Feccoy }2_ 1 [V] was investigated by carrying out’self
consistent and2 cont?guration [gCCC] calculations. These investigations show that
an apical boron atom pses 2p,, 2p. atomic orbitals and a [2s, sz]l hybrid
orbital for bonding with rest of the cluster. In cluster compounds containing
Fe(CO), units, the iron atom uses predominantly [3dx7' 4px] and [3d 2 4p_1]
combinations for bonding with the rest of the cluster and thére is no evigence for
the involvement of a [4s, 4pz, SdZZ] hybrid orbital similar to the [2s, ZpZ]
hybrid observed in the boron dnalogle. Analysis of the total overlap population
" associated with metallo-group and the rest of the cluster shows that the Fe(CO)3
" group is weakly bonded into the cluster when compared with BH group of
compounds in which Fe(CO), is replaced by BH. This analysis also indicates that
Fe(CO)B\group uses less than %wo electrons for cluster bonding.

1. lntrodu:ction

Understanding of the electronic structure and bonding of metal carbonyl
clusters is of present interest. The number of orbitals involved in bonding
[ > 100 atomic orbitals] makes it difficult to perform detailed molecular
orbital calculations on metal carbonyl clusters. But it is believed that certain
metallo groups such as Fe(CO), and Co(CO), are isolobal and isoelectronic
With the BH and CH groups respectively. In terms of Wade’s approach!® a
BH or a Fe(CO), group formally supplies two electrons for cluster bonding
whereas CH and Co(CO), groups supply three each. In addition, many
boranes, carboranes, metalloboranes, metallocarboranes, and metal carbonyl
clusters have similar geometries!?'? Thus the study of the electronic
structure and bonding of boranes, carboranes, metallo-boranes and metallo-
carboranes could be used to compare the bonding capabilities of transition
metal carbonyl fragments, M(CO), with those of the BH or CH Units in
cluster compounds. In our study, self-consistent charge and configuration
(SCCC) calculations were used to investigate the bonding in 1,6-dicarba-
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closo-hexaborane[6] [I], [C BsH {Fc(CO) } 1 [I], 2,4-dicarba-closo-
heptaborane [7] [1II], " [C,B,B1,° {Fe(CO),} 1 [IV] and [C,B,H,
{Fe(CO) Yok d [¥]

2. Computational_ Method

The method used was the FORTICON® programme of Hoffman and
co-workerst’ This calculation is an all valence electron, extended Huckel
calculation [3d, 4s and 4p atomic orbitals on transition metal atoms, 25 and
2p on second row atoms and on hydrogen atom are used] and was used in its
charge iteration mode according to H,, = VSIE[Q] where I, is the dla.gonal
Hamiltonian matrix element and VSIE[Q_] is the valence state ionisation
energy of orbital 4 when the atom has total charge Q. The off diagonal
Hamiltonian matrix elements are calculated in the normal manner’ using the
expression,

8.
H.=k—JL [H. +H.].
o 2 11 1] .

where ki is a constant.
The VSIE[Q_] functions are assumed to be of the form,
VSIE[Q] = AQ? +BQ +C

where A,B and C are parameters,'%?° which depend on ‘the atom and the
orbital. Iterations are continued until successive ones produced < 10™%e
change in the charge on any atom [e = electronic charge]. The well known
problem of obtaining convergence with such self-consistent charge calcula-
tions was eased by an improved damping scheme and by the use of a Made-
lung correction. The orbital occupations are summed separately over the p
and d orbitals on each atom, The resulting p and d occupations, along w1th s
occupations, are damped according to the equation
- input k+1 input k outputk * _ inputk

i s, (Cioa{ bR (B0 3

where P is the summed orbital occupatlon of a given type, s,p or d, indexed
by r on the k*® cycle and Ais a damping parameter.

The geometries of carboranes used were taken from reported,!”:18
electron diffraction data. The same geometries were used for metallocar-
boranes. The geometry of the Fe(CO), unit was taken from that of
[Fe(CO), n* -C,H,'0-Fe —C and -0 bond lengths of 0.182 nm and
0. 115 nm respectlveiy were used. Changing the position of the metallo-units
by £ 10% with respect to the carborane base produced no significant change
in the results. :
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Table 2. Charges localised on BH, Ch and Fe(CO), units in molecules [1} — 874

Atom sites as shown in-diagrams [1] — [IV]

Molecule 1 2 3 4 ' 5 6 7
[ —0.045 0.022  0.022 0.022 0.022  —0.045 -

(11] —0.013 = —0.034 0002 —0.034 0271 —0.103 -
(1] 0.055 —0.051 0.034 —0.051 —0.021 —0.021 .  0.055
[1Va] 0.344  —0.111  —0.026 - —0.111 . —0.063 —0.063  0.027
[IVb]  —0.001° —0.069 —0.003 -0.081 0217 —0.042 —0.021
[Va] = 0250 —0.127 —0.069 —0.127 —0,086  —0.086 0.250

[vb] —1.204 ~ —0.033 0.007 ~ —0.118 - 1.447 —0.060 ~ —0.038

Table 3. Overlap population in molecules [1] and [11]

Bond I 1
clié] gy 0579 0.740
cll6]l _ g3 0.579 0.672
cllél _ g5 0.579 bat i 3
cll6] _pes - 0.340
“#% _ p? 0.519 0.570
B2 _ Fe’ & +0.285
cli2l -y  0.841 0.877
B2l4 _y 0.816 0.839
B} _u 0.816 0.806

3. Results and Discussion

The details of the cluster bonding in carboranes and metallocarboranes can
be considered from three pieces of information provided by the SCCC
calculation. They are [i] the gross atomic charges [ii] the overlap popula-
‘tions and [iii] the molecular orbital energy levels and thCIl'.' LCAO expan-
sions,

3.1 1,6-C,B,H [1] and 2,4-C, B, H, [ITI]

The gross atomic charges (Table 1) and the overlap populations (Lable 3)
indicate - that the four BH units in 1,6-C,B,H, are equivalent and so are
the two CH units. This is in agreement with the pI‘edlCthl "D, symmetry
of the molecule. The presence of three distinct type of BH units in 2,4
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C,B H, is shown by the localised charges [Tables 1 and 2], the boron atom
in apical position being more positively charged. The overlap populations
[Table 4] bonding these BH units into the cluster [in 2,4-C,B H,] are
. slightly different and reflect the positive charges on boron atoms. Thus the
two apical BH units are less strongly bonded into the cluster when compared -
with the three basal BH units. The gross atomic charges on carbons and.
borons agree with the more electronegative character of carbon compared
with boron. Our values for located charges on C—H and B—H' moieties
[-0.045 and 0.022 respectively] of 1,6-C,B, H, are, comparable with the -
values [—0.05 and 0.03 respectively] reported!? eatierbya different SCF

- Table 4 Overlap populations in Molecules (il — [vl '

.Fe

Bond (1x1] [tval  [IVb] [Va] [Vb]'
pil7] _y 0.836  0.828  0.862 o 0.856
ke R 0.827 - 0.861 0.830 0.881 0.852
B} - H . 0.836 0.858 0838  0.871 - 0.848
chioginl 0.827 0.861 0.856 0.881 - 0.891
pSl5] _ g 0.839 0.860 9.860 0.871 0.881
Bl | 0.836 0.828 0.860 = 0.856
p7(1] _ 2 ' 0.469. 0.536 0,518 o d o 0.558
Bl gt f 0.776 0.865 0.823 0.985 0.879
B3 g7l © . o355 . 0414 0.394 = 0.427
p6l5] _ p7(1] 0.447 0.538 0.584 - & 0.657
Bé - ¢2 0.726 0.878 0.785 0.994 0.908
TR : o _ -
BOps . 0.693 0.751 = 0.842 :
pact j 0.469 - 0536 0.651 = 0.712
pelitie? e 0.359 g 0.245 0.183
Fel — g3 =¥ 0.294 - = 0.235 0.147
pel — c* hacke 0.359 N 0.245 0.141
pel — g615] e 0.290 isld 0.212 - 0.115
FeS — 711 s 5 5 0.315 = 0.293
_Fe5 i Cz iz o . 0.340 = 0.299
Fe — B6 - ma S emoh . 0.285 = 0.217
1_ ped : s g I st o g =% O T

‘calculation. Three cluster bonding molecular orbitals are found in
16C.,B H,. The HOM0[2bzg] is a B, combination [E = —11.75eV]
followed by a degenerate pair [3e,] [E = -_—'12.3§eV] which has C,B,
combination. In 2,4-C,B.H,, two cluster bo_r_1c.11ng ‘molecular o_rblta_ls_
[E. = — 25.95 and —_12.81eV7] of C,B, combination have been fc_)und in
 addition to the HOMO [E = —11.2¢V{ which is a combination of mainly the
~ planar carbon and boron atoms. Our results [Table 4] also show that in
2,4-C,B H,, the site to site | BH] pa5a1 — [BH],p5a1 ©Verlap population is
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2
C
e o sl R &

X/

-

(1) X = BH

() X = FelCO) (T O Oy S _
{iva) X Fe(col_,‘; Y = Z = BH
(V) X = ¥ = BH; Z = FelCO)
{Va) X Y : FelCOL,. Z : BH
(Vo) X : Z = Fe(cO); Y = BH

SCHEME — [1]
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greater than that of [BH] bas [BH] ,;cql POPWation and this is in
agreement with the dxfference in observe&%albond lengths [BH] basal —
[BH]},,651 = 0.1659nm, [BIH] —[BSH] 0.1772nm and [B!? H] [B3H] =
0. 1852mm] .

Let us commence the discussion of metallocarboranes by comparing the
orbitals available on BH and Fe(CO), units for cluster bonding. In terms of
Wade’s approach® hoth the BH a.ncf the Fe(CO), units use two electrons
and three orbitals for cluster bonding. Iron in the F e(CO), unit has nine
valence shell orbitals [c.f. boron which has four valence shell orbitals], three
of these are used to form M—C §-bonds, three more as well as three electron
pairs-are used to form w-bonds to the carbonyl groups. This leaves the Fe
atom with three valence shell orbitals and two electrons. ;

'SCCC calculations show that in BH the HOMO is a §devel composed of
2s and 2p while LUMOs[¢] [2p, and 2p, ] are the m-levels. In the case of
Fe(CO);, the HOMO is a hybnd [a,] ‘orbital having 4s, 4p, and 3d,2
components and the LUMOs[e] orbitals are formed from [4p_, 3d_] and
[4p., 3d, ,] combination as has been reported!! Thisis in’ agreement with
Wade’ s skeletal electron counting technique. Thus the orbitals* available for
cluster bonding on BH and Fe(CO), units, as shown in Figure 1, are similar
in symmetry as reported'! earlier. [*The 2D projections of the HOMO and
LUMO orbitals of BH and Fe(CO), units obtamed by z plot progra-
mme!*?16:2% 3156 had similar shapes] . _

3.2 [C,B,H, {Fe(CO),}] M1

Replacement of the BH unit is 1,6-C,B,H, by the Fe(CO)3 unit, as in [II] ,'
increases [Table 1] the net nega‘uve charge on carbons by 0.041 and
decreases the positive charge on boron by values in the range 0.020—0.037.
Table 3 shows that the overlap population bonding the metallo-unit to the
C,B H, base is about 57% of that bonding the BH in 1,6-C, B H,. In other -
wor Is the replacement of'a BH unit by a Fe(CO), group mEIi(CS the resulting
compound even more electron-deficient tha.n the parent carborane, A similar
result has been observed in borane clusters.” Table [I] shows that the iron
atom of ferracarborane [II] carries a positive charge [0.733] and this may
be the reason for the reduction in overlap population betwen the metallo-
unit and carborane base, The positive charge on iron atom may be due to the
valence electrons in iron atom being largely delocalised over the carbonyl
ligands. Replacement of a BH unit in 1,6-C,B H, by a Fe(CO), unit did
not change the energy of the cluster orbitals apprec1ably The companson of
the cluster bonding molecular orbitals shows that the roles of the boron 2p
and 21:)y atomic orbitals in carboranes are taken up by the iron 3d_, an
3d_, with some admixture of 4p  and 4p_ . According to the isolobal
pnnc1ple the 3d,2, 4s and 4p, metal atomic or)fntals should combine to form
a hybrid orbital which takes on the role of the boron 2s and 2p, orbitals.
In Fe(CO),, the 3d, 2 atomic orbital is involved in bonding but plays no
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(@) BH ciuster orbitals
H

(23,2p) hybrid {o)

2p 291

(Sdzz , 49,4 z} hybrid (o)}

I f[lN,q '49)‘) Combination (3d,; ,4p,) Combination

Figure 1. The orbitals available for cluster bonding on BH and F':(CD)3 units.
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significant part in cluster bonding, whereas, the a. cluster molecular orbital
of BH unit [which is equivalent to 2s, 2p:. hybrid of boron atom] plays a
significant part in cluster bonding. A similar result has been reported® in
metalloboranes. LCAO expansion of HOMO of [II] shows that it has a small
contribution from the dez_yz of Fe and carbonyl carbon and oxygen
atomic orbitals.

© Table 5. Total energy of Valence Electrons

. Molecule i * - Energy/eV
(1] ' —403.8
[11] : ' —940.0

" [I] : —462.3
[IVa] ~992.4
[IVb] ; —987.9
[va] it —1538.1

[vb] ' ) —1521.5

8.3 [C,B,H, {Fe(CO)}] [1V]

The replacement of an apical BH unit in 2,4-C,B.H, as in [IVa], [i]
increases the net negative charge on carbon atoms by 0.040 [ii] decreases
the positive charges on boron atoms [Table 1] and [iiil decreases the
overlap population bonding the replaced site Fe(CO),, c.f.BH, to the
C,B,H, base by about 27%. The replacement of a basal BH unit by a
Fe(C?O)S unit in 2,4-C,B,H, as in [IVDb], also incrcases the net negative
charges on carbon atoms ﬁut the increase is low [0.015 on C? and 0.022 on
C*] and decrease the positive charges on boron atoms [again the decrease is
low, Table 1]. The total overlap population associated with the metallo-
group in [IVb] is markedly less than that in [IVa] and is much smaller than
that of the BH replaced [Ca 54%]. There is a corresponding increase in

" overlap population between adjacent boron and carbon atoms in [IVa] and

[IVb] [Table 4] compared with those in 2,4 C,B H,. The total overlap
population associated with the metallo-group and the total energy of valence
electrons [Table 5] indicate that the l-isomer [IVa] is more stable than the
5-isomer [IVb]. As mentioned earlier, the 2,4-C,B_.H. has three cluster

5
‘bonding molecular orbitals. two of C,B, combingtions wid the third

[HOMO] of basal carbon and boron atoms combination. The replacement of
cither the apical B'H or basal B*H by a Fe(CO), unit did not change the
energy of any of these orbitals appreciably. The comparison of the LCAO
expansion of these orbitals shows that there is no significant contribution
from the metal 3d 2, 4s and 4p, atomic orbitals to these cluster bonding
molecular orbitals and the roles of 2p, and 2p,_ atomic orbitals of boron are
taken up by iron 3d_, and 3d,, atomic orbitals with small contributions
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from 4p_ and 4p. . LCAO expansion of HOMOs of both the ferracarboranes
IVa] and [IVb] show that they have a small contribution from the
dez_yz ‘atomic orbital of iron and carbonyl carbon and oxygen atomic
orbitals.

3.4 [C,B,H,{Fe(CO).},1[V]

The replacement of the second apical BH unit by a Fe(CO), unit as in [Va],
increases the negative charge on carbon atoms further but 1’}16 increase is low
[0.012 compared with 0.040 in IVa] and decreases the positive charge on
basal boron atoms by similar ratios [Table 1]. The total overlap population
associated with bonding of Fe(CO), unit with C,B H_ base had also been
decreased further by about the same ratio- [Ca %7‘%] . The replacement of
the basal B°H unit by the Fe(CO), unit, as in [Vb], changes the charge on
C? from —0.062 to +0.010 [but the charge on C* has changed only slightly
from —0.062 to 0.065] and increases the positive charges on boron atoms
[Table 1]. Also, it should be noted in [Vb], Fe! atom has a negative net
charge whereas Fe® atom has a high positive net charge [Table 1]. The total -
overlap populations associated with the bonding of metallo-groups with the
rest of the cluster units in [Vb] are markedly less than those in [Va] and
shows that the basal Fe’ (CO), unit is weakly bonded into the
cluster unit when compared with the apical Fe(CO), unit. Tlte total overlap
population associated with the bonding of metallo-groups with the rest of
the cluster unit and the total energy of valence electrons [Table 5] suggest
that the compound [Va] is more stable than compound [Vb].

K
__
e

SCHEME [2]
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It is interesting to note that the compound 1,7,2,4- [(nBC H.J,

0,C, B.H 51 [VI] which is analogous to [Va] had been synthesmed and 16
staf) (3111' calculations also show that the replacement of either B1H or
B’H or B'H and B’ H by Fe(CO), units did not change the energy of cluster
bonding molecular orbitals appreciably. Analysis of LCAO expansion of
molecular orbitals for [Va] and [Vb] is too complex because of the two
Fe(CO), units present in these molecules. But LCAO expansion of HOMOs
of [Va] and [VDb] show that there are contributions from 3d_2 52 atomic’
. orbitals of iron atoms and atomic orbitals of the ca.rbonyf carbon and

oxygen.
3.5 Comparison of bonding by BH and Fe(CO); units

As mentioned earlier in terms of Wade’s approach the BH and the Fe(CO),
units use two electrons each and the CH unit uses 3 electrons for cluster
bonding. The overlap population and the atomic orbital contributions in
cluster molecular orbitals in carboranes and metallocarboranes studied show
that the BH and the CH units use approximately two electrons each and that
the Fe(CO), unit uses less than two electrons [varies with the position and
the number of BH units replaced by Fe(CO); units] for cluster bonding. Our
results [Tables 3 and 4] also show that the CH unit uses only one electron
from carbon for the C—H bond. Hence the fourth electron from carbon must
have become delocalised into the cluster bonding. The total overlap popula-
‘tions associated with the bonding of Fe¢(CO), groups into the cluster in all
ferracarboranes studied are much smaller than those of the BH repla.ced
Table 1 shows that in ferracarboranes [except the Fe! of (Vb)].the iron
atoms carry net gross positive atomic charges and these positive charges on
iron atoms may be the reason for the reduction in total overlap population
between the Fe(CO), unit and the rest of the cluster unit. The analysis of
localised charges on the Fe(CO), units [Table 2] and the gross atomic
charges on the carbonyl carbon and the oxygen atoms [Table 1] suggest that
* the high positive charges on iron atoms may be due to the valence electrons
in iron atom being largely delocalised over the carbonyl ligands and this may
be the reason for weak bondmg between the Fe(CO), unit and the rest of
the cluster unit.

As discussed earlier, the analysis of LCAO of the cluster bonding
molecular orbitals shows that only 3d_,, Sd , 4p, and 4p  atomic orbitals
of iron atom are used in cluster bondmg but all 25 2p » 2p and 2p, orbitals
of both boron and carbon atoms are used.

4, Conclusion

SCCC calculations on carbones [I] and [III] and ferracarboranes [II] [IVa],
[IVb], [V] and [VDb] show that even though in terms of Wade’s approach,
the BH and the Fe(CO), units are considered to be isolobal and isoelectronic,
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the Fe(CO), unit is weakly bonded into the cluster when compared with the
BH unit replaced and this may be due to the valence electrons in iron atom
being largely delocalised over the carbonyl ligands in ferracarboranes. Our
calculations also show that even though the CH unit appears to use only two
clectrons for cluster bonding the third electron may be delocalised into the
cluster. The comparison of the LCAO of the cluster bonding molecular
orbitals shows that even though the roles of 2p and 2p  atomic orbitals of
boron are taken up by the iron 8d_, and 3d orbitals with some admixture
of 4p_ and 4p_ atomic orbitals there is no “evidence for the involvement of
[4s, 4p,, 3d22f hybrid orbital which is analogous to boron [2s, 2p,] hybrid.
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Abstract : The zinc and copper contents of some plant and animal foods
commonly available in $ri Lanka were detérmined. The bio-availability of zinc
in plant foods was assessed by  determining their phytate content. The
food samples in their raw, uncooked state were subjected to wet digestion and the
respective concentrations of zinc and copper were measured by atomic absorption
spectroscopy. The phytate phosphorus content of plant foods was determined by
the method of Oberleas. The zinc content of foods was higher than that of
copper. Fish and: Ox liver were the richest sources of zinc and copper. All animal
foods studied could make a significant contribution to the supply of zinc in the
diet. Of the plant foods analysed, pulses were good sources of both nutrients,
while cereals and starchy roots contained moderate amounts. However, both
-pulses and cereals had phytate to zinc molar ratios exceeding 12, thus decreasing
the bic-availability of zinc in these foods. Green leafy vegetables and legumes had

- higher amounts of copper and bio-availablezinc compared to other vegetables and
fruits.

1. Introduction

Zinc and copper are two of the most metabolically active and intensively
mnvestigated trace metal nutrients. The established biochemical role of zinc
is as a component of many metalloenzyme systems, including some enzymes
‘which play a central role in nucleic acid metabolism. In addition, zinc is
now knovm to be a membrane stabiliser and a stimulator of the immune
response.’ Deficiency of zinc leads to many clinical manifestations including
impaired growth and sexual maturation!? Copper is also a component of
many important enzyme systems, such as cytochrome oxidase, lysyl oxidase
anid ceruloplasmin, an iron-oxidising enzyme in blood.® The observation
of anaemia in copper deficiency may probably be related to its role in
facﬂ1tat1ng iron absorpnon and in the incorporation of iron into hacmo-
globln.

Deficiency of these two elements may arisc cither as a result of
- decreased dictary intake or as a result of decreased availability from foods,
~especially in zinc, where the bio-availability may be decreased by the
presence of a large amount of phytate.!' Therefore, it is important to
identify good dietary sources of zinc and copper.
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Knowledge of the trace element content of foods is very limited. The
data available at present is based on analysis carried out on Indian foods’
and a preliminary study by Atukorala et. al.?

In the present study, the zinc and copper content of some common
foods has been determined and the bio-availability of zinc in foods assessed
by determining phytate content.

2. Materials and Methods
2.1 Materials

Plant and animal foods (as purchased) in their raw, uncooked state were
used. The food samples were purchased in Colombo and four different
samples of each item of food were collected at random and analysed and the
mean * SEM taken. The food samples were washed thoroughly with glass
distilled water and dried well with filter paper. The specimens for replicate
~ estimations were taken from different parts of each food. Each food sample
was analysed in quadruplicate, for the estimation of zinc and copper and in
duplicate for the determination Qf phytate.

The variation of zinc and copper content of plants with environmental
conditions, specially, soil conditions, was evaluated by determining the
content of these elements in 2 varieties of green leafy vegetables (Centella
~asiatica — “Gotukola” and Alternanthera sessilis — “Mukunuwenna’)
collected from 5 different areas of Sri Lanka. There was no statistically
significant difference in the values obtained from the 5 areas.

" All glassware used was soaked overnight in diluté hydrochloﬁc acid,
washed thoroughly with glass distilled water and dried prior to use.
Analytical grade reagents (BDH) were used in all experimehts.

2.2 Methods
2.2.1 Estimation of zinc and copper

The organic matrix of foods was destroyed by wet digestion.” A weighed
amount (0.2 — 0.5 g) of food was digested by heating with a mixture of
conc. nitric acid and 65% perchloric acid. The residue obtained was dissolved
in 2M hydrochloric acid and the concentration of zinc and copper was deter-
mined by atomic absorption spectrometry.

Zinc acetate dihydrate and copper sulphate pentahydrate were used to
prepare standard solutions. The absorbance of working standard solutions
was checked-with standard solutions for atomic absorption spectroscopy
(Sigma). The standards and blanks were processed in the same manner as the
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samples. The mean percentage recoveries for zinc and copper were found to
be 98.20* 0.67 and 97.51 * 0.87 respectively. The absorption was measured
using a Varian AA 75 Atomic absorption spectrophotometer. The following
-conditions were used in measurement.

Copper Zinc
Lamp current (mA) ' 4 5
Wave length (nm) 324.7 213.9
Spectral band pass (nm) 0.5 1.0

2.2.2 Estimation of phytate

The phytate content was determined by a direct phosphate method.®
'Hydrochloric acid (1.2%) containing 10% sodium sulphate was used for the
extraction of phytic acid. Phytate phosphorus was hydrolysed by digesting
with a mixture of concentrated sulphuric acid and perchloric acid (3:1). The
digest was diluted and the phosphate content determined by the method ot
Gomeri.

2.2.3 The moisture content of foods was determined using an Infra Red
moisture meter.

3. Results and Discussion

The zinc and copper contents of some foods commeonly available in Sri
Lanka were determined and expressed on a wet weight basis. In general, the
zinc content of almost all foods tended to be higher than that observed for
copper.

Of the animal foods analysed (Table 1), fish liver was the richest source
of zinc, while ox liver was the richest source of copper. Beef muscle had a
higher zinc content compared to chicken or different varieties of fish, while
chicken muscle and prawns had higher amounts of copper compared to other
types of meat or fish. Eggs contained large amounts of both zinc and copper,
while milk was a good source of zinc,
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Table 1. Zinc and copper content of animal foods

Commodity zine Copper Moisture
: {mg/100g (mg/100g (g/100g)
wet weight) wet weight)
Liver ; ;
Ox Liver 3.786 £ 0.289 2.515 £ 0.203 76.0
Fish liver (*‘Para’) 6.134 £ 0.673 1,969 £ 0.164 N.D..
Meat : :
Beef, muscle 2.340 £ 0.338 0.211 £0.025 78.0
Chicken, muscle 1.370£0.176 0.436 £ 0.060 N.D.
Fish _
Seer (Scomber sp.)* 1.470 £ 0.169 0.148 £ 0.033 73.0
“Para” (Carangids sp.)* 1.678 £ 0,155 0.085 + 0.014 N.D.
“Kelawalla” (Euthynnus sp.)* 1.128 £ 0.100 0.133 £0.013 750,
“Nurulla” (Sardinella sirus) 0.930 £ 0.087 - 0.155 £ 0.048 76.4
“Salaya’ (Sardinella Jussieu) 1.023 £ 0.198 ~ 0.137 £0.019 78.3
Prawns (Penaeus sp.)”* 1.349 £ 0.270 0.414 £ 0.108 77.4
Eggs :
Hen (whole) 1.185 £ 0.119 0.295 £ 0.037 735
Milk
(Pasteurised, bottled) 0.900 £ 0,017 trace. 100

Each value is the mean £ SEM of 4 samples.
* The edible portion without ‘{kln or shell was used for analysis.

N.D. — not determined.,

All animal foods studied could make. a significant contribution to the
supply of zinc in the diet. Moreover, the zinc in animal foods is more
bio-available than in plant foods owing to absence of phytate in animal
foods. Most animal foods were moderate sources of copper, except for milk,
which contained only traces of this nutrient.
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Table 2. Zinc and copper content of cergals, pulses and starchy roots
Commodity Zinc Copper Moisture
{mg/100g {mg/100g (g/100g)
wet weight) wet weight)
Rice .
Raw, milled (“‘kekulu’) 0.980 0,109 0.260 £ 0.023 15.0
Parboiled, milled (*‘Samba’") - 1.110+ 0,030 0.220 £ 0.090 15.0
Parboiled, lightly milled (“Samba’) 1.460 %+ 0.1 10 0,327 £0.033 15.0
Flour
Wheat (white, 70% extraction) 1.193 £ 0.189 0.240 £ 0.041 15.0
Rice . 1.870x0.030 0.490 £ 0.060 15.0
Soya (Glycine max) 3.940 £0.160. 2.473 £0.180 e
Pulses 5
Cowpea (Vigna unguiculata) 2.835 £ 0.060 0.609 + 0,043
Mysoor-dhal (Cajanus cajan)’ 2,683 £0.110 1.070 £ 0.010 19.0
“Mung” (Phaseolus aureus) 2.620 % 0.020 1.071 £ 0.100 16.5
_Mung-dhal (Phaseolus aureus) 2.350 £ 0.080 1.035 £ 0.030 =
Starchy roots™
Potato (Solanum tuberosum) 1.133 £ 0.230 0.328 £ 0.061 80.0
Sweet Potato (Ipomea batatas) 0.595 £ 0.170 0,172 £ 0,023 70.0
Manioc (Manibot esculenta) 1.103 £ 0.091 0.590 + 0.081
“Kiriala" (Colacasia esculenta) 0.860 % 0.013 0.631 £ 0.030 —

Each value is the mean £ SEM of 4 samples,

* Edible portion without skin was used for analysis.

All varieties of rice were moderate sources of zinc and copper, with a
noticeable decrease due to milling and polishing. (Table 2). Parboiling seemed
to reduce the loss of nutrients during milling and polishing. A decrease in
zinc content of rice with increase in degree of polishing has also been
reported in studies carried out in India.” Rice flour had a higher content of
zinc and copper compared to 70% extraction wheat flour. Pulses were good
sources of both zinc and copper (Table 2) and soya flour had higher amounts
of both nutrients. In pulses too, the trace element content decreased with
increase in milling and polishing. This is evident from studies on Mung and
Mung dhal. Starchy roots had moderate amounts of both zinc and copper

(Table 2).
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Table 3. Zinc and copper content of vegetables

Commodity Zinc Copper Moisture
(mg/100g mg/100g (g/100g)
wet weight) wet weight) :
Dark green leafy vegetables:
“Gotukola” (Centella asiatica) 3.930 £ 0.810 0.555 £ 0.041 95.0
“Mukunuwenna” (Alternantbera §
sessilis) 2.545 £ 0,625 0.363 £ 0.024 85.0
“Kathurumurunga’ (Sesbania
grandiflora) 2,473 £0.483 0.145 £ 0.015 N.D,
“Kankun” (Ipomea aguatica) . 1.270 £ 0.108 0.221 £ 0.023 90.0
‘Spinach (Basella alba) 0.783 £ 0.230 0.440 £ 0.120 95.0
“Sarana” (Trianthema decandra) 1.077 £0.188 0.416 £ 0.057 N.D.
Other vegetables
Brinjals (Solanum melongena) 1.300 £ 0,529 0.236 * 0.104 N.D.
Carrots (Daucus carota) 0.901 £ 0.1%90 0.243 £ 0,026 89.5
“Kekiri” (Cucumis melo var. agrestis) 0.434 + 0,052 0.105 £ 0.063 98.0
Ladies fingers (Hibiscus esculentus)  1.406 £ 0.392 0.129 £ 0.001 N.D.
Bitter-gourd (Momordica charantia) 0.743 £ 0.010 0.105 £ 0.007 91.0
Jak (Artocarpus beterophyllus) 0.660 £ 0,080 0.300 £ 0.044 N.D.
Ash plantain (Musa sapientum var.)  0.931 * 0.280 0.130 £ 0.021 N.D.
Cabbage (Brassica oleracea) 0.603 +0.030 0.043 £ 0.010 95.0
Legumes ; 4
Green bean (Phaseolus vulgaris) 2,150 £ 0,072 0.226 + 0.046 90.6
String bean (Vigna cylindrica) 1,646 = 0.304 0.232 +0.026 90.0
Winged bean (Psopbocarpus
tetragonolobus) 0.230 £ 0.038 N.D.

1.346 £ 0.254

Each value is the mean £ SEM of 4 samples.
N.D. — not determined

Dark green leafy vegetables were good sources of both zinc and copper
with “Gotukola” (Centella asiatica) having the highest amount of both
nutrients (Table 3). There was considerable variation in zinc and copper
content among the other vegetables studied. Legumes had a higher content
of zinc composed to the other vegetables. The lowest copper content was

seen in cabbage.

These results are similar to the values reported on Indian foods.”
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Table 4, Zinc and copper content of fruits and nuts

67

Commodity Zinc Copper - Moisture
(mg/100g (mg/100g (g/100g)
wet weight) wet weight)
Fruits
Plantains (Musa sapientum) 0473 £0.170 0.166 + 0,052 80.0
“Ambul” variety _ .
Plantains (Musa sapientum) 0.510£0.110 0.190 £ 0.021 80.0
“*Ambun” variety '
Plantains (Musa sapientum) 0.183 £ 0.003 0.320 £ 0.040 |
“Kolikuttu' variety
Pineapple (Ananas comosus) 0.587 £ 0.089 0.299 + 0,041 i
Mango (Mangifera indica) 0.618 £ 0.065 0.274 +0.030 N.D.
“Karthakolumban” variety .
Papaw (Carica papaya) ' 0.749 £ 0.075 0.292 £ 0.040 87.0
Avocado (Persea grattissima) 1.015 + 0.200 0.351 £ 0.091 N.D.
*Veralu” (Eleocarpus obovatus) 0,783 +0.130 0.315 £ 0.144 N.D.
Orange (Citrus auranteum) 0.754 £0.213 0.170 £ 0,084 77.2
(Sweet varicty)
Ripe Jak (Artacarpus beterophylius) 0.610 £ 0.160 0.251 +0.013 N.D,
1.666 £ 0.405 0,946 * 0.083 N.D

Coconut (Cocos nucifera)

_“Each value is the mean* SEM of 4 sa.mi:les.
N.D. — not determined.

Fruits studied contained relatively small amounts of both zinc and
copper (Table 4), except for Avocado which had a moderately high zinc
content. Coconut had a moderately high content of both zinc and copper.

It has been shown that the bio-availability of zinc in pIanf foods may be
decreased by the presence of a large amount of phytate.
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Table 5. Phytate P content and the molar ratio of phytate to zine in some plant foods

Commodity - Phytate P2 Phytate/zinc
(mg/100g) molar ratio

Cereals

Rice, raw milled - 43.65 15.60

Rice, par boiled 38.12 it 9.32
Flour :

Rice flour _ 88.80 ik 17.05

Wheat flour (white, 70% extraction) ' 38.44 11.44

Soya flour 236.00 20.79
Pulses t :

Cowpea (Vigna unguiculata) ) 144.00 & 1937

“Mung” (Phaseolus aureus) ¢ 112.80 15.03

Mysoor dhal (Cajanus cajan) _ _ 62.44 15.01
Legumes

Green bean (Phaseolus vulgaris) 37,20 - ¢ 6.06

Winged bean (Psopbocarpus tetragonclobus) 11.70 9,30

String bean (Vigna cylindrica) { 5.84 4.96
Leafy vegetables : :

“Kankun” (Ipomea aguatica), © 2340 - 6.41

“Kathurumurunga™ (Sesbania grandiflova) 19.40 o 2.75

“Gotukola” (Centella asiatica) 19.36 : 3.09

“Mukunuwenna’ (Alternantbera sessilis) 403 4.01.

Starchy roots*

Potato (Solanum tuberosum) . FE R : 1,17
Sweet potato (Ipomea batatas) : 2.48 1.12
Manioc (Manibot esculenta) 6.20 1.97

% Each value js the mean of 2 samples,
*Analyses were made on the cdible portion without skin.

The phytatr: phosphorus content of cereals and pulses was higher than
that of the vegetables (Table 5). Soya flour and cowpea had a higher content
“of phytin phosphorus compared to cereals and other pulses.

The possible importance of a given food as a source of zinc is deter-
mined by the molar ratio of phytate to zinc rather than by its absolute
content of zinc. It has been suggested that molar ratios of phytate to zinc of
12 ‘and above would decrease the bio-availability of zinc.!
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Our studies show that although zinc is present in significant amounts in
pulses and cereals, it may be less bio-available because of phytate to zinc
molar ratios exceeding 12. Soya flour was the richest source of zinc among
the plant foods analysed, but its bio-availability may be decreased by the
high phytate to zinc molar ratio of 20.8. In contrast, green leafy vegetables
and legumes which contained moderately high amount of zinc also had lower
phytate to zinc molar ratios and therefore represent an important source of
zinc in a Sri Lankan diet.
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" Abswact : This paper deals with the problem of hndl L%nucessary and sufficient
Lcndltmns in order that, for some I', f(x)g(x) ™ 1P (C, i) whenever f(x} ™
1 xP (C, M) for some 1, where ].l}?\} 1,p>-1,p+gq>—1andfEI This
problem is a generalization of a problem cons1dered earlier,* in which ;f"h were
replaced by positive integersr, k, r 2k and | and 1" were zero.

1. Introduction

Let f be a real function with domain < [1, ). If f € le,— (i.e. f is locally
Lebesgue integrable) and A > 0, we define

iy (x) = L f(x) = Fa—)ﬁx ~ )M f(t)dt, and set £ (x) = f(x).
i

we say that f(x) is Cesaro limitable of order A in the ordinary sense to 1,
written f(x) - 1(C, A) if T(A + 1)x7 At A (x) = 1 as x > . More gencrally, if
p> —1. 1# 0, we write f(x) ~ IxP (C, 7\] if

M(Atpt+l
_(__p__)x-'p 'hfl(x) — ] aAS X — °°»

If p is real, we write f(x) = O(xP)(C, A)[or o(xP)(C, 1)] il'x'p"\fh(x) =0(1)
[oro(l)] asx - . ;

In (5), we found conditions necessary and sufficient in order that
f(x)g(x) = o(xP*9)(C, r) whenever f(x) = o(xP)(C, k), where r, k are non-
negative integers and r = k. (See (5), Theorem 1). This is the integral
analogue of a theorem given in (3). The following theorem is a direct conse-
quence of the above Theorem 1.

THEOREM A : Letr, k €/N_ ,r k,p> —1,p+q> —L. Alsolet €L, _ and
ge Ll ifk= 0,r>1,and g* chc A=k 1,

Then, conditions necessary .and sufficient in order that for some I,
f(x)g(x) ~ I'xP*9(C, r) whenever f(x) ~ IxP(C, k) for some 1 arc :
* (5), Theorem 1.
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(a) (i), ljlqs(t) dt = 0(x) as x = oo,

(ii), ¢(x) > 1" as x > = (G, r) for some 1", where
¢(x) = x%g(x), in the case k=0, 1> 1 and’

b) @) — 4x)=0(1)asx e,
X

Gy, feo9)glde=0(x) asx e,

(i),  #(x) > 1" (C,r) asx >,

inthecaser=k = 1,

In this paper, we generalise Theorem A. We replace the integers 1, k by
real numbers g, A respectively, where u = X = 1. We also drop the restriction
g¢le AG, . We prove the following theorem.

THEOREM B : Let y > A > 1, p>—1, pt+q> —landfe L . The

conditions necessary and sufficient in order that, for some 1, f(x )g(x)
I'xP*9(C, u) whenever f(x) ~ 1xP(C, ) for some | are that, for some a (=1),

i) g€ Lm(]-! a),

u [=2+]
1 1
(i) — [ tg(t)dt =1 — ——— f (v— u)‘\d @ (v) for all u > a,
where 1, is a constant andjth id @ (L}] < o,
a

See (1) and (4), where Cesaro summability problems of a similar nature have
been considered.

Theorem B is deduced from some theorems stated and proved in

section 3. '
2. Auxiliary Results

We first deline the following subspaces of L, |

{1y [G;%p:l) ={f/f(x) v 1xP (C, 7\)}with the norm defined by

L1 =sup 22 £, (1)] .
t=1

(i) €, ={f/fe(C,,0,1)for some i}.
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(i) Ny =fi/re (C,1,0,0), f(t) =0 fort<a,GeL (=)}
where G(u) = uf{u) jf dt, with

I fll= (t)|= supu’ lG\_l du!

(iv) (B,A,p) ={ F/£(x) = 0(x")(C, \) }
(v) B, =(B,2,0)

(vi) C,la, = {f/f is continuous for t > a, [(t) > 0 ast~ W}with bi =
sup |1t )1 -

(vii) BV [a,e) ={f/f is of bounded variation in [a, DO)}
The following lemmas will be used in the proofs of the theorems.

LEMMA 1 : If (N§)* denotes the dual space of Ny, then every continuous
linear functlonal A € (N3)* is given by an equation of the form -

1.8 oo . K
A(f) = = \f(w)du | (t — ) da(t), wh
A0 =5 ff)an (s dafo), where
I £ |d a (t) 1< °, the norm of the functional A being given by
T _‘—_ St?\ |da(t)].
Proof : Consider the equation T (t) = y(t = AI 7\ ! fluydu ... (2.1)

Then, T, € C_ [a, ) whenever f € N)\‘

Also, I T, | = sup | T((t) [ it 1 , and thus the linear operator
t;'a f 1\')\

(Io(a,m)

: Ny > C ola =) defined by (2.1) is a continuous linear operator which
maps N)\ lsomctrlcally onto a suhspdcc of C_[a, ==). By the Riesz represen-
tation theorem, every A € (C[a,))* is given by :

LY

A(y) .:,,_IY(t-)dﬁ(t)’ y € C, [a,%), where f EBV (a, ) and | A I =

aﬁdﬁ(t) |

* See (4), Lemma 2.
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Hence, by extending the functional A(y), we can write every A € (N;)* in
the form

A(f) = I(f f{t ?* 1 f(u)du) dB(t), 8 € BV (a, ). *
ie. Alf J fu)du f (e —u erag()

1
= el f(u )du f(t —w)M! da(t) where

eSH
aft) :—r(m)_ju‘“dﬁ(u) and

8 1
PN —af ()1 ——dﬂ)st | ‘de (1)) -

Since f € Ny, the inversion of the order of integration is justified.
LEMMA 2 : Suppose f.g € B, for some u whenever f € Cy.-
Then, (i) g€ L%(1,=),

(if) There exist a (= 1) and K such that if
. : _

1 ; A 1
A(f) = lim —_Jf(t)g(t)dt, then A € (Ny)*and I A I<K

u—+co 1
1

Proof : The necessity of (i) follows trivially since constant functions belong
to G,. i : o
A

Now assume that (i) is false, i.e. It is false that * for some a, K [A (f) | <

KVEDwWhgheberT@& N 00 10 e e S e idor e RBweh,
Now, foru = 1, —d; (u Yl f(u)g( o 1.1"”1.11_1 f(u)g(u) —,uu"u._'1 L, f(u)g(w)

=yl G Ly ’ .';.., ....... (2.3)
where G( ) = uf(u)g(u) — 1(t)g(t

We now define by induction an increasing sequencc{ a.n} tendmg to+ e and a
sequence of functions 5f }as follows : ;

Let a_ =1 and SUPPOSE a7, . . . - & and f ,....f . have been defined
such&atf GN?\,r—l I.n—_l.rll 1.: al
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u
Let G (u) = uf (u)g(u) :Sfr(t)g('t)dt for every r.

By (2.2) there exists f_ € N;n'l such that

e 1 <2e dnd ARIFL 7 L ckses e e (2.4)
Let an—23n1+z f |G [(wldu ((2.5)
Note thatf G (u) !du < eosince g€ L™ (1, =) and f € N?\

Now deﬁne f(t Z f (t). Then f(t) =0 fort < 1,

fe L andf{t ~Z f ior] “/txdn

Also, ililmltlf;\ J= 1R \fllmZ — M (£, )
tz_*m - {2—>OO

+him 2 JeME) (1) — A (E), (t,) |

t. - ml.'=s+1

t_ =00
2

<fim X, If I <2 & 27 =921 for arbitary s € N.
t _)m-r=s+1 r=s+1

oo
t2—>

Hence t'?\f?\( t) ~ a finite limit as t > e, and thus the function f constructed
belongs to Cy.

t
Now,lf 2 gy f( wH? G(u)du = Z f i ‘dtf -u)* 2 Gr(u)du
n

_ g4
G wt'“‘1dt (t — wWH2Gr(u)du —Z rt-“ 1‘“f — w2 Gr(u)du
ik oo , A
- _rGr(u)du [t —wpr2er1q —Zl f (H- ldtlj' (t — w42 Gr(u)du
=1y u )
F e ) 3 TN AL
= e A H-lge | -
_ ;r(pﬂ} (fr) T_ZI: tj(t w2 Gr(u)du
Butlzla(lt'uldtft—uluz(:r )du |< ZJ’ 2t j](:r Hu

< ———Z ﬂGr )ldu <1 by (2.5).

a_n r=11
Hence [t dt [ (t — 2 G(u)du > ok n— L by (2.4
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. .a_ _ _

_u}ﬂ 1

and by (2.3) it follows that J.( f(u)g(u)du ~ +°when u > 1.

: 1 a_ﬁ | .
contradicting the fact that f.g € B, for some p. Hence the necessity of (ii).

LEMMA 8:If p> —1, N >, then (C, &, p, 1) C (C,\’, p,1) and (B, A, p)
< (B, 2’ p). | -

This result is well known. Cf (2), Lemma 3.

LEMMA 4 : If p > —1,p+q > —1 and g € (G, X, p, 1) [or (B, 2, p)], then
h e (C, A, p+q,1) [or (B A, p+q)],whcrch (x) = x%g(x).

Cf. (2).Lemma 4.
LEMMA 5:1If f € B?\’ A 2 1, then there exist constants H, K such that
(i) II (t—uhl(v )du‘éHt?\vaforvét,aé'O,

(i) oU (t —u)f [(v— u)?t U VM1 f(u) dul< KB 1 (20 4 yA 1) fory > ¢,
g= 0t _ _ *

P_roof : The results are trivial for A = 1, and hence take A >. 1.

) Leth—n+pwhcrenEIN 1<p< 2a;1dM—supt7\lf)L(tl.
t=1

By partlal inte gratlon we have

J (t—u)! (v — w)*f(u ]du (lnﬂj +1(u(ﬁ——)[tvu7\1
(v—u)*] du .

n+l

-ZCIerhercc Lsmdependcntoftandv (2.6)

O -r

and J, = I P*f“’(v—u)-in;l( u)du

t—1)F )
( 1 I(t P f 41 (u)du, where 1 < b ty
v -

by the Second Mean Value Theorem.

By Riesz’s Mean Value theorem,

IS -0 =) T sup b';g“’ ~ 0 P2
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= (t— 1)r(\«' — 1) :,up ! M(p— 1}f'n+p(b)‘£ I—(p-l)Mthva,
, 2% b*ib

t—1)7
since [ —— ] < 1, and A ,a are non-negative.

(-1
Hence, (2.6) gives (i)

(i1) Take 8 =n+p where n € INo, 0 < p = 1. As before, we have

5 (t —u)? [(v — u)?“l - I:’\'l.jl f(u)du
, 1 1 E n+ "
- (-1_)“"'“11an+1( i) (ﬁ;){_[t B B T N s b (2.7)
1 |
But, { du:[{_t = uf [y - h-l]}s Co (t—u)? ™! [(v—u)L _ A1)
- é L (t— )-6 B (g — u}}\'l" ........... (2.8)

. |
As in (i),]f Uy s )7\ g (udul| < (8 —n)MiBr1,A
....................... (2.9)

Also, |jt——u B0t v = =M g ()l
[ Al (v— )‘ 1;”[ u}'G i lin+1( ) du | where 1<n< t
27(8 — n)Mtﬁ+ : [t)\ L+ (A= }tv)k "

(2.7), (2.8), (2.9) and (2.10) give the required result.

3. Theoi‘ems and their Proofs

THEOREM 1: If f.g € BQ for some uwhenever { € C,, then there exists a
(= 1) such that '

() EELTILUE
. B N
(i) leg(t)dt i _l—T)\_+—1 S‘(\ dn (v) for all u > a,

3 [
, o A
where 1_ is a constant, andaJ‘v lda (v) | < .

Proof : The necessity of (i) follows from Lemma 2 (i).
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By Lemma 2, there exist a_ and K such that

i 6]
lim J - jf(t dtl < K||f]|whenever f € i (3.1)
u— oo
Also, if f € N&o ,then 2 “f t){dt € V(a,,>). LT (3.2)

11

Now, (3.1) implies that there exists a > a | such that if

s e ;
& L= gf(t)g(t)dt, then, whenever u > a, AL B NRYE 4 siaes w (B.5)
uf ;

For, if (3.3) is false, by the method used in Lemma 2, we can construct

{ }ﬂ b ~ + 00 dﬂdel\%O suchthdt—jf t)g(t)dt > n,
by1 .
1 a
contradicting the fact thdat — {f(t)g(t)dt is bounded whenever { € N, ?, which
. uhy

[+ =]

is a consequence of (3.2) and g€ L (1,%).

Hence, (33) and Lemma 1 give : Whenever u > a,

1 oyt Tinl g g0 ,
TM(f(t)g(t)dt = (I)éf(g)duuj' i~y o 1) e

oo

I tda ()<=, forfENy. ... iz e e (3.4)
a : '
Clearly, the functionX, |, belongs to Nj. Hence (3.4) gives
1( L q A1
— [g(t}dt = — gdt (v—t)*" da(v) forall u > a.
ua F_(“\) O

u o,

: m?\ m_l_ A-1
Since [N d.a (1) | < rm(dtj( _ g da(y)

a-

oo oo o0 o0

1 [:}?_\)[dt f(v — )" da(v) - _rfhﬁdtrj’(" ~ 0"t da (v)

L o bl
) (= i A - _._ar - A .
s r(m“‘g‘ u)® da (v), wherel W gv a) d.a (v)

Hence the result,
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THEOREM 2 : If f € By and (i) h &€ L (1,-a)

(1) = (h(t)dt- - Jv —u) l d a(v), wherej ?\lda(v} |< oo then
ul 2R \
o ¢ t._l | o
I:t-l-lg;l 7 I, f(t)h(t) = _tl—l>rfr>1° —aJIR (vi(¥) —fy(v))d & (v).

Proof : Since f € By, by Lemma 4 we have
I, (vi(v) — £,(v)) = o(v*1), and hence the R.HLS. of I exists, since

aj vx,lda(v)|<°ﬂ.

Now (ii) gives h(u) = _I:(L_l )S(v — u))\ da(v) — IZ(:T J(v - u):’\'1 da(v)
foru> a. b
| S
Hence t™ L f(t)h(t) = t7 T fuh(w)du+L +1,  .....en (3.5)
170 Lo !
r e S ¢
where I, = ——{ : t— u))\"1 f(u)du J'(v—u)lda( v) — [(t - u]lh
Loy oy o il

duj M 5}

gt { S ; Ne — o1 oy
= r_—&;l)i:ia (v)a[{v —u) (t — u) : f(uw)du
L S( (v)j(»—u)" Lt — w)A-1uf(u Tk e 1 i (3.6)
r(\) ar i .
O (R b

s [-m{—r—(;ﬂ)f(t =) dda e e

e St(t = f(u)dl:J:’_ —utt da(\f)}

= _tj{(_l_. +— ; [d (v)aﬁi — u)_)“l,, (v — u)7t f(u)du..

OO (A1) F'()\)
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[+=] : of

3 |
- da(v)jv(t — )1 (y—n) M () du }

|—(7\ SO
Hence, by Lemma 5(i) we get
' llz.l‘{*Klt'}\J v | de (v) } —’(}a.st—Hm ................ (3.7)

.t-lt

Now, by (3.6) we get I -—rﬁ)(lk (£, (v) —vi(v)de(v)

= __-1{ 1 St ) [v(v — u.)l [-:':(t—u))\_l -—t?\'l ] f(u).du

rm I—(?\ﬂ) a’
- v
— ———[da(v) I (v = W[t — w)? ! = T_;\"l] uf(u) du} :
(_ Ja t_1 t : :
Hence | L —|_-—0\—]—JI}\ (£, (v) — vi(v)) da(v) |
<K t'AJ. AL AL *R'I)ldu ) _ by Lemma 5 (ii)

o

<K t-)\'[ )\+l g Aol oy R ) lda(v)l+ 2K S vh \da(vﬂ ;where a<<w<t, and

w
Sy & g _ |
Ilence\ln}lm &11_1;1 olc)I]' — =8 fl)\ (f - vf(v»da(v)k 1 S (5.8)
a
. Ty _)\(t'—u))‘1
Now, (i) implies that t™*]| ———"  f(u)h(u)du 0 as t —+ .

Hence, (3.5), (3.7) and (3.8) give i

THEOREM 3 : Conditions necessary and sufficient in order that f.ge Cy
whenever f € C?\ are that, for some a (= 1)

(1) gEL (L 3},

oo
u

] : . .
(ii) E[g(t)dt =lg S Vi u)k da(v) forallu = a

7 oo i

& h - [="=]
where 1 | is a constant anc!jt lda(t)| < ==.
Proof : If f.g € G, whenever f € C,, then f.g € By whenever f € C,, and by
Theorem 1, (i) and (ii) are necessary.
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If (i) and (ii) hold, then g(u) = 1, +h(u), where h(u) is as in Theorem 2.

Hence t™,f(t)g(t) = 1.t (1) + t™ I, f(t)h(t) ~ a finite limit as
t oo whcnever}e_c)\,by Theorem 2.

THEOREM 4 : If & > )\ >1, ptq > -1, p > -1 then conditions necessary
and sufficient in order that, for some I’,

by e (C, B> pta, I’) whenever f € (C, A, p, 1) for some 1 are that for some
a(= 1), '

() g€L™(1,2)

[+ =]

u
1 ih
(i) —It'q T R el | i u)}\ da(v) for all u > a,
uaz C(A+1)u

where 1 is constant,_ftk \ da(t)\ <%0,
a

Proof : Since p > -1, p+q > -1 we can consider x Pf(x) and x™9g(x) instead of
f{x) and g(x) in the previous theorem, and usec Lemma 4.

Hence Theorem 1 gives the necessity of (i) and (ii).

Again by Theorem 3, (i), (ii) and [ € (C, A, p, 1) imply that
f.ge€ (C, A, ptq, ') for some I’, and hence f.g € (C, P P, I’), by Lemmu 3.

This completes the proof.

References:

1. BORWEIN, D. (1954) J. Lond. Mith, 6% 29 : 198 — 206.

2. BORWEIN, D. (1956) J. Lond, Math, Soc. 25 : 289 - 302.

3. BOSANQUET, L. . (1954) Mathematika, 1: 24 — 44,

4. SARGENT, W. L. C. (1952) J, Lond. Math. Soc. 27 : 401 - 413,

5 YOGACHANDRAN, C. (1981) J, ;\-;arn. Sci, Coun. Sri Lanka 9 : 17— 23.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

J. Natn. Sci. Coun, Sri Lanka 1987 15(1) : 83—86
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Abstract : In this raper we prove two theorems on sequence to sequence trans-

formations given by Yo Z:a o Lk (PR SRR I‘hc theorems gwe necessary and
sufficient conditions in ofder t at

(1) y€lwheneverx Ebv _and

{2) v € bv whenever x = Whtl’e x= ‘[ }and v = {v} and | = The space

OO
of all sequences x such that 2. I x, '< o e = The space of al sequences x

n=1
such that X, = Q(1}, bv = The space of all x such :hdrzjx Ko 1! K

1. Introduction

We assume that the transformation is given by

[=+}

yn = a’nk xk,n == 1,2,3;. Syt

n=1

We prove the following theorems:

1.1 THEOREM 1 : Necessary and sufficient conditions in order that vel
whenever x € bv are :

oo ¥

(i), kzz a nk converges foreveryn=1,2.,....

(11 There exists M > 0 such tth IZ By ! < Mforallmz= 1.
n=1 k=1

1.2 THEOR]:’W 2 I\Iecessary and sufflcrent conditions in order that y € by
whenever x € 1™ are that

i), é‘ ankl < o0 forcvgryn? L. _
(ii), There exists M > 0 such that éﬁé%nk —a . JlsM
: . g =1n 2
for all N € F, where F is the space of all finite sets N of natural numbers.
There are many well known classical theorems on sequence to sequence
transformations of the above type, some of which have been proved by .

~ Toeplitz, Iahn, Knopp and Lorentz, Mears, Sunouchi and others. Usually,
the longest part of the proof is the proof of the necessity of conditions of
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the type (i), and (ii), . In this paper, we give a technique which shortens the
proof considerably. (See (1) for similar theorems and for the references
given. See also (2) for the use of this technique for integral transformations.)

2. Rcsuits used in the Proofs of the Theorems

2.1 THEOREM A (Toeplitz’s Theorem)

I\Lccssciry and sufficient conditions in order that y € 1° whenever
s S=Bigd

[= =]
(i), :IZ' | 2 | <eforeverynz1
o=

(i) There exists M > 0 such that ' Z] < Mforalln> 1.
I k=1

—_

2.2 THEOREM B (Hahn’s Theorem)

Necessary and sufficient conditions in order thaty € 1°° whenever x € bv are
that

o0
i), E a_, converges for every n = 1
k=1

(i), There exists M > 0 such that |Z a \ << Mforallm= 1 and all
nz= 1.,

These two theorems are well known,

The lollowing lemma is a simple consequence of the definition of
absolute convergence. (See (1).

LEMMA 1: Let F be the space of all finite sets of natural numbers. Then, a
necessary and sufficient condition that x € 11is that :

I. There exists K independent of N such that [BN\ < K forall NEF,
where By Z X, - |
When this condition is satisfied, we have ZI " | < 2K.

LEMMA 2: Lety Z a_, x,, where x € X, X being a sequence space.
Then, el ; .

I. y €1 for every x € X iff B, is bounded for all N € F for every x € X,

where BN =kZﬂ bN Kk Xk and bL 5% ré_N a,
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II. y € by for evcry' x € X if D is bounded for all N € F for every

xEX,whereD Z d and d Z Tt = B el
Yol TNk k. Nk = Vnk n-1,k

Proof I : By Lemma 1,y € 1iff | B| < K forall N€ F, where By, = & y_.

ol : nEN
IhtB ’“Z Zankx-k=é (Zar-1 Z by

nEN k=1 nEN k=1
Hence the result.

IL y € by ifg};dyn —y <=

Sincey —y_, = lgi R T ’k)xk, the result follows,

3. Proofs of the Theorems

3.1 Proof of Theorem 1: Note that (1), is necessary and sufficient for the
~ existence of y  whenever x € bv. (Theorem B).

Snfﬁmency If (1)1 and (i1), hold and x € bv, then

L;_E‘)M!{Zaﬁkmzz \gg_lgankygmfomux\:en

k=1p €N

By Theorem B, this implies thatz by X, is bounded for all N € F. Hence
by Lemma 2,y € 1. .

Necessity By Lemma 2, y € | implies that By =0(1) for all N € F for every -
X € bv. _ i

Hence, by Theorem B, there exists M such that
-IZ. by x| <M for all N € F and all m.

ie. |§N Z ank[ < %M for all N € F a.hc_l all m, and Lemma 1 gives the
n k=1 ;

required condition (ii), .
Hence the theorem.

3.2 Proof of Theorem 2: (i), is necessary and sufficient for the cxxstcnce of
y, Wheneverx € 1%, (Theorem A).

Sufficiency: If (i), and (ii), hold, and x € ], then

D |—|§1 % n_l'k)xkiéM kE._ll xkl and hence y € bv by
= n s e
Lemma 2 II. '
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Necessity: Again by Lemma 2 1L, y € bv implies that

kzi dy . 1s bounded for all N € F whenever x € 1“6,_ and

Theorem A gives the necessary condition
kZ__:l\dN W} <M forall N € F, which is (i),

Note: We see that condition (i), involves N. We can show that (i), cannot
be replaced by the condition:

()’ Z z fa,c — 2,.1 | < ™ which is independent of N. Clearly, (i)
g k=1 n=1 :

and (ii)’ are sufficient for y to be in bv whenever x € 1%, but (ii)’ is not
necessary.

o0

In (1), Peyerimhoff has constructed x € 1™ for which Yo ﬁkz_l ay, X, satisfies

z ¥, I<ngtiélnz_‘a =

By takinga’ | =a , —a 1k Z a X, , we see that for the same x

in lm,;lyn —¥,.1| <, but
o0 o
ik X Ve
k=1 p=1

'Thus (ii)” is not necessary in Theorem 2.

nikl
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Abstract : - Dehalogenation of Eppawcla apatite, which is mainly in the form of
chlorfluorapatite, has been investigated in the temperature range 900 to 1300°C.
The loss of fluorine is relatively small while much higher loss of chlorine has been
observed. There is a lincar correlation between the extent of dehalogenation and
the available phosphorus content of the products. Presence of moisture enhances
the dehalogenation process. Addition of silica facilitates the removal of fluorine
much more than chlorine. In the presence of soda ash, retention of fluorine is
greater while almost total chlorine content is removed even at 1100°C. It is
evident that chlorfluorapatite first undergoes isomorphous replacement of
halogen with hydroxyl groups to form hydroxyfluorapatite which then undergoes
decomposition at higher temperatures to yield more soluble phosphates, Mostly
chlorine is removed as HCI while fluorine is evolved as HF, .‘-iil"'4 and I'IZSiFé.

1. Introduction

The apatite group of minerals has the general formula, Ca, (PO, ), X, where
X can be usually F, Cl, OH or a mixture of any of these ions. The end
members of this family are referred to as fluorapatite, chlorapatite and
hydroxyapatite. Fluorapatite? is found to be the most stable form and as
such most natural apatites contain more F than Cl or OH.

An estimated reserve of about 25—30 million tons of apatitc® occurs -
at Eppawela in the North Central Province of Sri Lanka. It has been
reported® that the samples from the ‘leached zone” of the deposit at
Eppawela contain more chlorine than fluorine. Eppawcla apatite has an
unusual chemical composition: its Gl /F ratio® is close to 1.3 and it
contains negligible OH . In contrast, some workers 12 have reported the
existence of hydroxyapatite in the same deposit.

Available phosphorus content of apatite is low,* making it unsuitable
for direct application as a fertilizer to short term crops. It is believed that
fluorine plays® an important role in the solubility of apatite minerals. It has
been demonstrated!® that defluorination of some rock phosphates at high
temperature, yields products possessing higher contents of available
phosphorus. Furthermore, haloapatites can be considercd as a potential
source of halogen although it may not be economical to exploit these
minerals commercially for halogens.

In the present study, the loss of f[uo_rine.and chlorine components in
Eppawela apatite at high temperature has been estimated. Furthermore, the
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effect of water, silica and soda ash on dchalogenation has also been
investigated in an attempt to postulate a mechanism for the dehalogenation
process and to correlate the extent of halogen loss with available phosphorus
content of the product.

2. Experimental
2.1 Thcrmal treatment

Rock phosphate No. 1 sample (100 mesh) from the “leached zone” at
- Eppawela, apatite — quartz (100 mesh) mixtures and apatite — soda. ash
mixtures were heated at temperatures of 700—1300°C in muffle furnaces
using platinum crucibles. Selected samples were also heated at 1350—
1400°C. After heat treatment the samples were quenched in water and the
products were examined by powder X-ray diffraction. Differential thermal
analysis (DTA) of the rock samples was carried out using a Mettler TA12
Thermoanalyzer at a heating rate of 10°C per minute in air, while thermo-
gravimetric (TG) analysis was performed using a Perkin-Flmer TGS-2
Thermogravimetiic Analyzer.

2.2 Chemical Analysis
Four different samples labelled 1,2,3 and 4 were collected from four
different hillocks in the “leached zone” at Eppawela. Three determinations

for each of the components F, Cl, total P,O; and available P_ O, have been
. 5 o
made for these samples and the average values are reported in Table 1.

Table 1. Some analytical data of Eppawela apatite

Sample 1 Sample 2 ' Sample 3 Sample 4
Wt. % PZDS - 38.10 © 39.60 - 34.20 37.70
Wt. % F 1.70 1.03 ; 1.34 0.78
Wt. % Cl 2.20 2.41 2.33 5 SR
2% Citric acid ; ]
soluble PZOS 6.3 S 54 5.9

2.2.1 Halogen estimation:

About 50mg samples were dissolved in 5M HCI for F™ analysis. Analyses
were made using an Orion Model 94—09 fluoride ion electrode® by
employing an alkali buffer system. Chloride analyses were made on
25-50mg samples dissolved in 1:1 IINO,. These were diluted with cthanol
and titrated to a potentiometric end-point against standard 0.05M AgNO,.
Two per cent citric acid extracts of some fired samples were also subjected
to F7 and CI™ analyses by the same procedures,
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2.2.2 Phosphorus estimation.

Total phosphorus contents of the samples were determined by extracting the
samples with a mixture’ of conc. HNO, followed by 65% HCIO, . Available
phosphorus contents (in wt % P, O, ) have been estimated!! by the 2% citric
acid method. Approximately 1.0g samples of finely powdered (100 mesh)
samples were extracted with 100 ml of 2% citric acid using a mechanical
shaker operating at about 250 oscillations per minute for a period of 30
minutes. All the extracts were analysed for phosphorus by the vanadomolyb-
date method” using a Unicam SP 600 colorimeter at a wave length of
460 nm. '

3. Results and Discussion
3.1 Dataon Eppawela apatite

Results of phosphorus and halogen analysis of four different samples
collected from the ‘leached zone’ at Eppawela are shown in the Table 1.
These values are compared with some of the known rock phosphates® from
other countries in the Table 2. -

Present chemical analysis confirms that Eppawela apatite contains more
chlorine than fluorine and hence it is different from most of the known rock
phosphates. Its total phosphorus content is high, when compared to other
known deposits, which makes this deposit commercially very important. On
the other hand, available phosphorus content of Eppawela apatite is found
“to be the lowest among the phosphate rocks listed in the Table 2.

Table 2, Comparison with foreign phosphate rock samples

- Phosphate rock wt. % F Wt. % P, 0, 2% citric acid
: soluble P,0;
(% Wt.)

Fl()\rida hard rock 3.4-4.0 31— 36 32
Florida land pebble . 3.2 —4.1 30— 36 JViGET
Tennessee brown rock ] 2.6 —4.1 Tyi1381 6.2
Tennessee blue rock 3.3 —4.0 28 —34 i 6.8
South Carolina rock 2.2-3.8 16 — 29 7.8
* Curacao, West Indies - 0.3-0.9 38 —-41 14.6
Morocco 4.1 —4.3 33—-35 10.4
Nauru and Ocean Islands 20-33 38—-41 10.1
‘Christmas Island 1.0-1.5 39 13.2
Eppawela, Sri Lanka 0.8 - 1.7 34 —40 5.9

Note: Wt. % Cl values for foreign rock samples are not available in the litcrature.
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Synthetic experiments made using tricalcium phosphate, calcium
- chloride and calcium fluoride followed by the comparison of powder X-ray
 diffraction patterns of matural and synthetic samples confirmed that the
- Eppawela apatite is in fact a chlorfluorapatite. Its X-ray powder pattern
could be indexed using a hexagonal unit cell with a = 9.470(10) A and
< = 6.863(5) A. Differential thermal analysis of this sample did not showy
any thermal transition up to 1000°C while thermogravimetric analysis
showed a weight loss of 0.6 — 1.0% in the temperature range 500 — 1000°C.
- This is mainly due to the loss of halogen as evidenced by the available experi-
mental data. However, the confirmation of identity of the evolved gases by
mass spectroscopy was not possible in this study,

3.2 Dehalogenation

Halogen loss observed in Eppawela apatite on heat treatment as well as 2%
citric acid solubility of the products are shown in Table 3. Total loss of
halogen (both chlorine and fluorine) after heat treatment in the temperature
interval 700 — 1300°C was found to be in the range 6 — 15%. The loss of
fluorine was nearly a constant (v 5 — 6.5%) while much higher loss of
chlorine (v 7 — 22%) was observed in the same temperature range (Figure 1).
When the heating time was increased to 25 hours at 1300°C, 70% of chlorine
was lost while only about 12% of fluorine was evolved under the same
conditions. i

- Table 3. Halogen loss in Eppawela apatite at high temperature

Tempera- Time '+ Fluorine ' ; Chlorine 2% Citric
ture °C - hrs. % wt. F % loss F % wt.of Cl % loss Cl  acid soluble
P205 (wt. %)

1.62 4.7 2.04 7.3 6.5

700 2
900 2 1.61 e 1.99 9.5 7.2
1100 2 1.60 5.9 1.96 10.9 8.8
1300 2 1.59 6.5 1.72 21.8 © 101
1300 25 1.50 . 11.8 S 0.66 70.0 13.0

Correlation between the available P,O, contents and the percentage
dehalogenation in Eppawela apatite is shown in Figure 2. It is apparent that
there is an increase in the available phosphorus contents with increase in the
extent of dehalogenation. It has also been observed that the presence of
- water enhances dehalogenation. For example, about 50% increase in dehalo-
genation was observed when the experiment was repeated in the presence of
added water at 1100°C.

During heat treatment the rock phosphate changed its colour from
yellowish white (room temperature) through greenish pink (1100°C) to
green (1300°C). X-ray powder pattern of the products clearly show that
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Figure 1. Effect of temperature on dehalogenation of Eppawela apatite,
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Figure 2, Relationship between dehalogenation and percentage conversion,

2% citric acid soluble P,0,

{ % conversion = s x 100)
Total 15'205
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there is a pronounced shift in the powder lines of chlorfluorapatite towards
hydroxyfluorapatite. Apatite structure is retained even after 2 hours heat
treatment at 1450°C.

3.3 Halogen loss in apatite — quartz mixtures

Loss of chlorine and fluorine in some mixtures containing apatite and
quartz at high temperature is presented in Table 4. It has been observed that
there is an increase in the loss of total halogen with rise in temperature
(Figure 3). Furthermore, it is evident from the comparison of Figures 1 and
3 that addition of silica facilitates the loss of halogen in the temperature
range 900 — 1300°C. .

Loss of both fluorine and chlorine reaches a maximum and then
remains more or loss constant with increase in the amount of quartz added.
The maximum loss of halogen was observed at 10% wt quartz in all the
temperatures of the present study. Experimental data (Table 4 and Figure 3)
also show that the presence of silica facilitates the removal of fluorine much
more than chlorine. The observed chlorine and fluorine losses at 1100°C
(Figure 3) exemplify this fact. It was also revealed that the addition of water
accelerates the removal of halogen from these mixtures as well.

Apatite structure is retained in these compositions at 1100°C as shown
by powder X-ray diffraction. Product at 1300°C was found to contain traces
of silicocarnotite and tricalcium phosphate in addition to apatite. Therefore,
it appears that the reaction of apatite with quartz is incomplete even at
1300"C after 2 hours heating.

3.4 Halogen loss in apatite — soda ash compositions

Results are summarised in the Table 5. In general there is a gradual
increase of halogen loss with increase in temperature in all compositions with
soda ash. With increase in soda ash content there is a greater increase in the
loss of chlorine than fluorine. For example, in the compositions containing
molar ratios of apatite : soda ash, 2 : 3 and 1 : 2, total chlorine content is
lost while only about 32 — 48% fluorine is evolved after 2 hours heating at
1300°C. The major phase in the products was identified as rhenanite,
CaNaPO, .

. Effect of soda ash on dehalogenation is shown in Figure 4. Loss of total
chlorine and fluorine increases with increase in soda ash content up to about,
1.5 mole of soda ash per mole of apatite and beyond this value the effect is
negligible. This therefore indicates that the optimum soda ash requirement
for the maximum removal of halogen is about 1.5 moles of soda ash per
mole of apatite. '

It is evident that chlorine removal is greatly facilitated by the pi‘esense
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of soda ash. This fact is clearly shown in the fluorine and chlorine
components of the halogen loss at 1100°C (Figure 4). Fluorine loss shows a
small but gradual increase with increase in soda content. Loss of chlorine,
however, increases rapidly and reaches almost 100% at 1 : 1 molar ratio.

Results show that a large proportion of fluorine is retained while most
of the chlorine is evolved in the compositions containing soda ash. There-
fore, it is of interest to examine the nature of fluorine in these products. No
fluorine has been detected in the water extracts of samples fired at 1100°C
indicating the absence of fluorine in water soluble phases. The products were
almost 100% soluble in 2% citric acid. Therefore, fluorine should be present
in a citric acid soluble phase. However, citric acid extracts were found to
contain only a small fraction (~ 25%) of fluorine. As such, the nature of.
most of the fluorine (v 75%) retained in the sintered samples is uncertain.
The most plausible explanation would be that the fluorine is present in the
form of complex ions such as SiFﬁz', fluorphosphates, etc., which are not
sensitive to the fluoride ion electrode employed in the present analysis.
Thus, values reported in this paper give only the free fluoride ion contents,

4. Discussion

Eppawela apatite, which is mainly in the form of chlorfluorapatite, under-
goes reaction with moisture in the furnace atmosphere to form hydroxy-
fluorapatite with the liberation of HC] and HF. Chlorine liberation in the
form of IICI is facilitated due to the fact that chlorapatite is unstable with
respect to fluor- and hydroxyfluorapatite. Hydroxyfluor apatite appears to
be stable up to 1400°C, though no evidence is presented to confirm this.

The structure of apatite has been investigated by Mehmel® and Naray-
Szabo!” The vertical chains of calcium and oxygen atoms are linked by
PO, groups to form a honeycomb structure with channels parallel to the ¢
axis. The halide ions are positioned within these channels. In fluor- and
hydroxyfluorapatites the OH and F are situated on mirror planes at (00%)
and (00%), whereas in chlorapatite the Cl atoms are at (000) and (00%).
Thus, the positions of halogens in Eppawela apatite (chlorfluorapatite) are
uncertain: the fluorine and chlorine atoms cannot all assume their normal
positions because the distances between the two sets of sites arc not large
enough to accommodate halogens at both sites. It is possible that chlorine
atoms are forced to occupy [luorine sites in chlorfluorapatites.

Due to steric factors chlorine containing sites are under strain. As such,
in the presence of moisture Cl is replaced by OII with the evolution of HCI.
Fluorine may also be lost to a much lesser extent. This also explains the
enhanced loss of halogen when extra water is introduced to the furnace. In
the presence of silica highly volatile SiF, and H,SiF , would also be formed
which accelerates the loss of fluorine.
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Table 6, Solubility dataof some phases

Material 2% citric acid Solubility
soluble P'205 (wt. %) as a % of total P2 05

Ca (PO ) (OH) (hydroxyapatlte) 16.2 . 38
5-Ca (PO ) ; 34.0 , 74
- Ca (PO“_)2 36.6 80
Ca4PzO : 38.9 100

_ Cas(SiO4)(PD4)2 (silicocarnotite) 30.1 . 100
Ca?(SiO4JZ{Pq4)2 3 -21.9 100
(Nagelschmidtite)
CaNaPO 4 {Rhenanite) 45.0 100

Available phosphorus content of hydroxyapatite is higher than that in
haloapatites. Thus, increase in available phosphorus content with increase in
dehalogenation is due to the increase in the extent of the replacement of
halogen by OH in the structure. Table 6 gwes the available phosphorus values
of some phases-that may be encountered in the fired products.

Decomposition of chlorfluorapatite on thermal treatment proceeds via
two stages.

(a) Isomorphous replacement of chlorine and to a lesser extent fluonne
with hydroxyl ions, and

(b) breakdown of the resulting hydroxyfluorapatltc to give as the major
phases, (i) a and § tricalcium phosphate, tetracalcium phosphatc ele,
at 1500 — 1600°C; (ii) silicocarnotite and nagelschmidtite in addition
to (i), in the presence of silica at 1300 — 1400°C; (iii) rhenanite in the
presence of soda ash at 900 — 1300°C,
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CHEMISTRY OF MARINE ORGANISMS OF SRI LANKA : LIPID AND
TRITERPENOID CONSTITUENTS OF AN UNIDENTIFIED
ALCYONACEAN AND AN UNIDENTIFIED HOLOTHURIAN

B. M. R.BANDARA, A. A. L. GUNAT_ILAKA, S.D.G.S.SAMARANAYAKE
Department of Chemistry, University of Peradeniya, Peradeniyva, Sri Lanka.

and

E.D. DE SILVA AND L. M. V. TILLEKERATNE _
Department of Chemistry, University of Colombo, Colombo, Sri Lanka.

‘(Date bfreceipr : 23 December 1986)
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Abstract : The major constituents of the lipid fraction of an unidentified

alcyonacean is shown to be hexadecyl hexadecanoate and the sterols, gorgosterol,

23-demethylgorgosterol, brassicasterol, cholesterol and 24-methylcholesterol. The

aglycone of the sgponin from an unidentified holothurian species had been
- characterized as 22, 25-oxidoholothurinogenin,

1. Introductipn
1.1 Alcyonaceae

The Order Alcyonaceae belongs to the subclass Octocorallia of the phylum
Coeclenterata, The animals belonging to this order are commonly known as
soft corals. Soft corals are relatively abundant in Sri Lankan waters and have
recently been the subject of extensive chemical investigations® A large
number of novel secondary metabolites which include sesquiterpenoids,
diterpenoids and prostaglandins’! have been isolated from soft corals. The
sterols of the soft corals are particularly interesting because of the diversity
of their side chains.* As the soft corals are known to contain unicellular
algae, the zooanthellae, which are symbiotically associated with them,
several studies to define the origin of the sterols have been reported®:12

1.2 Holothroidea

The marine phylum Echinodermata can be divided into five classes:
Crinoidea (sea lilies), Holothuroidea (sea cucumbers), Echinoidea (sea
‘urchins), Ophiuroidea (brittle-stars) and Asteroidea (star fishes), The dried
body wall of certain sea cucumber species (e.g. Holothuria atra) is a well
known Chinese culinary dchcacy traded under the name trepany or beche-
de—mer In contrast, the poxsonous properties of sea cucumbers have also
‘been known for many centuries in parts of the Pacific where mashed or
chopped sea cucumbers have traditionally been used to poison fish. The
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general toxicity of the sea cucumbers have been attributed to a group of
compounds known ‘as holothurins, a class of water soluble saponins.
Although saponins have been isolated from several terrestrial plants, in the
animal kingdom they have so far been found in Echinodermata with only
sea cucumbers and star fishes having appreciable quantities. Curiously,
holothurins have triterpenoid aglycones whereas star fish saponin (asterosa-
ponin) have steroid aglycones.*

2. Results and Discussion
2.1 Analysis of the lipid part of the soft coral

The combined petroleum and chloroform extracts of the soft coral on flash
chromatography on silica gel gave a waxy solid which on purification by
repeated recrystallization afforded a tl.c. homogenecous compound as
colourless plates, m.p. 51 — 52°C. This compound had a molecular weight
of 480 by mass spectrometry. The IR spectrum showed strong bands at
1730, 1240 _and 1180 c¢m™ indicating the presence of an ester carbonyl
group. The 1H NM.R. spectrum confirmed the presence of the ester group
by triplets at § 4.00 (] = 6Hz) and 2.16 (J = 6Hz) which could be assigned
to the protons of the methylene groups attached to the alkoxy oxygen and
the carbonyl carbon of the ester group, respectively. The remaining broad
band at 5 1.26 indicated the presence of a long alkyl chain and possible
absence of other funcﬁonal groups.

Treatment of this ester with Lithium aluminium hydride (LiAlH,)
afforded a single alcohol indicating the ‘symmetric’ nature of the natural
ester. The identity of the reduced product as l-hexadecanol (2) was
established by comparing its mass spectrum with computer-recorded known
mass spectra:’ Mixed m.p. and Co-LR. spectrum of this alcohol with an
authentic sample prepared by LiAlH, reduction of hexadecanoic acid
further confirmed its identity as hexadecanol. Saponification of the natural
ester yielded hexadecanol. Further, the mass spectrum of the natural ester
compared with that for hexadecylhexadecanoate (1)1 The ester (1) was
also synthesized from hexadecanoic acid. '

Further elution of the above column afforded a sterol mixture

- constituting about 0.02% of dry weight of the concentrate from soxhlet

extraction. The sterol mixture was silylated and subjected to gas chroma-
~ tographic analysis. The sterols present were identified as brassicasterol (3a).
24-methylcholesterol (3b), gorgosterol (3c), cholesterol (3d), and 23-deme-
thylgorgosterol (8¢)(Fig. 1).Subsequent gas chromatographic-mass spectral
(GC-MS) analysis confirmed the above findings (see Table 2). Relative
concentratmns of the sterols in the. column fraction calculated from gas
chromatographic trace were: gorgosterol (40%); 24-methylcholesterol (45%);
brassicasterol {10%); cholesterol (5%), 23-demethylgorgosterol (trace).
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Table 1. 1y N.M.R. spectral data® (6 in CDCi3 at 60 MHz) of 22, 25-oxidoholothurino-
genin (4) and its 3-acetate (5)

Comiptr 3-H it 23-d ¢4 14 'c10 ‘o o

und Gili= g ; (Mc)2 Me Me (Me)2 Me
“@ 3.26 5.51 4.25 0.85 .17 1.20 1:38 1.26
: m Cem m s s s s s
5.20 1.00 -
m 5
) 4.56 5.40 4.20 0.91 1.13 1.23 1.26 1.33
bt m m s 5 s 5 S
0.99 1.28
5 s

fabbreviations: s, singlet; bt, broad triplet; m, multiplet

Cholesterol (3d) is the most common steroid found in marine organisms.
- Brassicasterol (8a) and 24-methylcholesterol (3b) have been reported to be
prescnt in some sponges, coelentrates, molluscs, crustaceans and echino-
derms.® Gorgosterol (3c) first isolated from the gorgonian Plexaura flexuosa
occurs in many coelentrates. The uncommon steroid 23- dcmcthylgorgosterol
(3¢) which was initially obtained from the gorgonian Gorgonia ﬂabeﬁum
has been found in some alcyonacean species.'’

Table 2. G.C.-M.S. data? of sterols isolated from the soft coral

Sterol R.R.T./ minb Mass fragmentation (m/z)
Brassicasterol (3a) _ 1.17 ' 398(M™), 380(M+ —IIZO), 355, 300,
273(M1  —side chain), 271, 255M7

: —I-'Iz(_)- side chain).

24-methylcholesterol (3b)¢ 1.35 400(M™), 367, 273(MT-side chain), 301

Gérgostcrol (3¢c) : 2.43 426(M%), 314, 300, 299, 271

Cholesterol (3d) 1.00 386(M+), 372,301, 273, 255

23-demethylgorgosterol (3e) 1.79 M.S. not recorded.

YUsing Varian MAT—44(3% OV—17 column, 260°C)
bRel'ati\ie Retention Time (R.R,T.) for cholesterol = 1.00

‘ Stereochemistry of C 24—Me was not determined.
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2.2 22,25-Oxidoholothurinogenin

Hot methanolic extract of the dried holothurian was hydrolysed with HCI in
methanol-water under reflux conditions. The reaction mixture was filtered
and the precipitate was chromatographed over silica gel to yield a white solid
which when recrystallised from chloroform-methanol yielded colourless
_needles. The 'H N.M.R. spectrum (60 MHz) of this compound showed seven
tertiary methyl singlets in the region § 0.85 — 1.38. This along with the
molecular ion peak observed at m/z 484 in its mass spectrum suggested that -
the compound could be a triterpenoid. The presence of a lactone carbonyl
absorption band at 1750 cm™* in the LR. spectrum, and two olefinic
hydrogens at 6 5.51 and 5.20 in its *H N.M.R. spectrum suggested it to be
a holothurinogenin. Comparison of physical data of 4 and its acetylated
product (5) with those reported from Actinophyta agrossert® confirmed the
triterpenoid to be 22,25-oxidoholothurinogenin (4).

3. Experimental
3.1 Investigation of the soft coral

The unidentified soft coral collected at Nilaveli, on the East coast of Sri
Lanka was stored in methanol. Mcthanol was decanted and the residue (dry
wt. 1 kg) was extracted successively and exhaustively with hot light
petroleum, hot chloroform and hot methanol. The light petroleum (29 g,
'3%) and the chloroform (8.5 g, 0.35%) extracts were combined as there
was no significant difference in their behaviour on T.L.C. '

‘Flash chromatography of the above combined extract (10 g) over silica
gel (T.L.C. grade 250 g) with chloroform containing increasing amounts of
methanol fumished three fractions; hexadecyl hexadecanoate (1), a mixture
of sterols and a fraction which mainly consisted of a diterpenoid (by mass
spectroscopy). Further characterization of the last fraction was not possible
due to lack of sufficient material.

3.1.1 Hexadecyl hexadecanoate (1)

The crude fraction containing (1) was recrystallised from light petroleum to
obtain colouress plates (0.519 g; 0.17% from dry weight) mup. 51 — 52°C
(lit.1? Jl 0= LR, Ymax (KBr) 2820, 2900, 1725, 1460, 1180, 725 cm™;
'HN.MR. 5 (CCI 4» 60MHz) 4,00 (2H,t, J =6.0Hz), 2.16 (2H, t, ] = 7.8Hz),
1.26 (methylene envelope); M.S. mfz (rel. int.) 480 (M*, 18%) and 257
(1.0%). '

3.1.2  Lithium Aluminium Hydn'dé Reduction of (1) to obtain
hexadecanol (2)

To an ice-cold solution of hexadecyl hexadecanoate (25 mg) in dry THF
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(5ml), L1A1H (5 mg) was added portxon«wxse Usua.l work-up afforded the
reduced product which was purified by preparative T.L.C. and recrysta]hsed
from acetone to y1eld hexadecanol (2) (21 mg; 34%) m. p 53 — 54° (lit.”
49°.C);IRV KBr) 8340, 2830, 2900, 1480 cm™"; 1H N.M.R. & (CCI
60MHz) 3. 2%% t, ] = 6Hz), 1.26 (meth'ylene envelope]

3.3.3 Saponification of hexadecyl hexadecanocate (1) to obtain
hexadecanol (2)

A mixture of the ester (62 mg) and methanolic KOH (7%, 1 ml) was refluxed
for 3h. The reaction mixture was concentrated under vacuoand the residue
was partitioned between ether and water. The ether layer was washed
with water (3 x 10 ml). Evaporation of ether yielded a crude solid which was
purified by preparative T.L.C. Recrystallisation from acetone vyielded
hexadecanol (35 mg, 58%) m.p. 53 — 54°C (lit.” 49°C); LR. » .. (KBr)
3340, 2830, 2900, 1480 cm™; 'H N.M.R. & (CCl,, 60 MHz) 8. 23 (2H,t,
J = 6Hz), 1.26 (methylene envelopc) M.S. m/z (rel. int.) 224 (M —H,0;
09%), 196, 182, 168, 154, 111 97, 83, 69, 55, 43.

3.1.4 Synthesis of hexadecyl hexadecanoate (1)

Hexadecanoic acid (960 mg) was dissclved in dry ether (10 ml). LiAlH,
(15 mg) was added portion-wise. The mixture was heated under reflux for
2h. The reaction mixture was cooled, acidified with dilute hydrochloric acid
and extracted into chloroform (50 ml x 2). Evaporation of chloroform
yielded a white solid (225 mg). The crude product (225 mg) and hexade-
~canoic acid (220 mg) were dissolved in acetone (20 ml), and conc. H,80,
(1 ml) in acetone (5 ml) was slowly run down to the acetone solution along
the wall of the flask. After heating under reflux for 4h the reaction mixture
was worked-up in usual manner. Subsequent purification by preparative TLC
and recrystallization from acetone afforded pure compound (1) (200 mg, 50%)
m.p. 51-52°C;IR v (KBr)(cm™) 2900, 2820, 1730, 1180, 760—720.

max

3.1.5 Gas Chromatographic-Mass Spectral analysis of the Sterol mixture

The above sterol mixture obtained as a T.L.C. homoge_ne_éus colourless
crystalline solid was subjected to G.C.—M.S. analysis. The results of this
analysis are depicted in Table 2. -

3.2 Investigation of the Holothurian

The holothurian collected at Negombo, on the West coast of Sri Lanka was
sun-dried and the dried material (397 g) was extracted exhaustively with hot
light petroleum and then with hot methanol to yield 4.5 g (1.0%) and 20 g
(6%) of extracts, respectively.
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3.2.1 Isolation of 22,25-oxidoholothurinogenin (4)

Total methanol extract (20 g) in aqueous methanol (50%, 200 ml) was
heated under reflux while a solution of dil. HCI (60%, 200 ml) was run down -
to the reaction mixture during 0.5 hours. Heating was continued for further
8 hours. The resulting precipitate (1.73 g) was filtered and chromatographed
over T. L. C. grade silica gel to obtain pure 22, 25- oxideholothurinogenin
(4). Recrystallization from chloroform-methanol yielded needles (103 mg,
0.05%), m.p. 310 — 312°C (lit.” 315 —316°C); (o), —22.5° (lit.> — 22.2°);
LR.v .. (KBr) 3500 and 1750 cm™* ; sce Table 2 for ' H N.M.R. data.

3.2.2  22,25-Oxidoholothurinogenin-3-acetate (5)

22,25-Oxidoholothurinogenin (25 mg) was dissolved in dry pyridine (5 ml),
acetic anhydride (2 ml) was added dropwise to the solution, and the
reaction mixture was heated under reflux for 3 hours. Usual work-up of this
mixture, yielded a white solid which on crystallization from chloroform-
methanol yielded colourless needles of 22, 25-oxidoholothurifiogenin-3-
acetete (5); m.p. 288 — 289°C (lit.” 289 — 290°C); (a),, + 6.7° (lit°+ 6.5°);
LR.»_ . (CCl,) 3565 and 1770 cm™.

X
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SHORT COMMUNICATION
SEMICONDUCTOR TO METAL TRANSITION IN HgyCLF

K. TENNAKONE* AND A. H. JAY ATISSA

Department of Physics, University of Rubuna, Matara, Sri Lanka.

(Date of receipt : 01 _}zﬂy 1986)
(Date of acceptance : 10 February 1987)

Experimental and theoretical investigations on conductivity transitions in
solid materials have attracted much attention. It is well known that some
inorganic compounds undergo transition. from semiconductor or insulator
phase to metallic state upon heating/1—4/. In this note we report our
observations on semiconductor to metal transition in mercurous chlorofluo-
ride. This material undergo transition into a metallic state at 369 K and the
conductivity in metallic state is unusually high ~177 @ m™.

Hg, CIF is prepared by the following method. An aqueous solution of
mercurous nitrate (0.1 M) is added dropwise to mixture containing dil HCI
and NaF (0.5 M in HCI and 0.5 M in NaF). Hg, CIF that separates out as a
chocolate brown- precipitate is washed and dried at 423 K. Chemical analysis
indicate that the compound has stoicheiometric composition corresponding
to Hg, CIF (molar ratio Hg : C1 : F € 2 : 1.05 : 0.92).

To measure the conductivity, the powder is compacted into a glass tube
(diameter ~ 0.8 cm) and pressed between stainless steel electrodes to a
pressure of 2 x 10° pa, when a pellet (length ~ 0.6 cm) is formed. The ends
of the tube are sealed with epoxy resin, the sample isimmersed in a thermo-
static oil bath and the d.c. resistance at different temperatures is measured
using a resistance meter (Computing Digital Multimeter, Takeda Riken
Model 6877). The room temperature (30°C) conductivity of the material
is 177 @ 'm™? (quite high for an inorganic compound). The plot of In & vs
T is indicated in Figure 1. The transition to metallic state occurs at 369 K-
and the conductivity thereafter gradually decreases with the increase of
temperature, the maximum conductivity is ~ 215 @ 'm™, Current-voltage
characteristics are found to be linear at all temperatures. Again polarization
effects are not detected and results are independent of the clectrode material
and a.c. measurements show the same. behaviour. Above observations
indicate that the conductivity is electronic and ionic conduction is negligible
or absent.

Attempts were made to pré'pare single crystals.of Hg, CIF by diffusion
and gel methods, sizeable crystals could not be obtained. Again authors had
no facilities to elucidate the crystal structure of Hg, CIF.

* Institute of Fundamental Studies, Svi Lanka,
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placed directly below the table and should
be indicated by superscript lower-case
italic letters (a, b, c, etc.). Each table
should carry on the back of the sheet
the author’s name and figure number.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of references which must be
inserted on a separate sheet at the end of the
paper. The list should be arranged in alpha-
betical order by author and numbered in
Arabic numerals. All authors' initials must
be given after surnames. The year of
publication should follow in parentheses.
When journal articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Periodicals

1900 —1960, 1972, 4th edn, London : Butter- -

worths Scientific Publications. If the journal
is not in this list, the name should be given
in full. The abbreviated journal title should
be underlined to indicate italic type and
followed by the volume number underlined
with a wavy line to indicate bold type, the
issue number in parentheses and then the
| inclusive pages. When books are listed, the
order should be : author(s), year, book title,
volume number, edition, pagination/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : author (s) of section, year, the
word In followed by author of book, book
title, volume number, edition, inclusive pages,

place of publication and publisher. The-

series title of a book should be given in
parentheses after the publisher.

Examples :

Journal — AnGMOR, J.E., Dicks, D. M.,
Evans, W. C. & Santra, D.K.

(1972)  Planta Med. 21(4) :
46-420.

Book — SchokMaN, D. (1966) Vegetable
growing : local and exotic
varieties, 29p. Colombo: Agri-
culture Department.

Section of _

Book — Zitnak, A. (1973) In Chronic

cassava foxicity : proceedings
of an interdisciplinary workshop,
London, England, 29-30 January
1973, pp. 89-95. Ottawa:
International Development
Research Centre. (IDRC-00¢).

Footnotes which are indispensable should be in-
dicated in the text by small superior figures and
listed on a separate page in the manuscript.

Abbreviations and Symbols recommended in
the various parts of British Standard 199] :
Letter symbols, signs and  abbreviations
should be used. Authors are encouraged
to use the S.1. System of units (see description
in British Standard PD 5686 : The use of
S. 1. Units). '

Authors whose papers contain mathematical _
expressions should submit a list of the symbol
used carefully and clearly indicated for the
guidance of the printer. This list will not
appear in print,

Formulae and Equations : Equations should
be typewritten and quadruple spaced. They
should ‘be started on the left margin and the
number placed in parentheses to the right of
the equation.

Nomenclature : Scientific names of plants
and animals will be printed in italics, and
should be underlined in the manuscript. In
the first citation, genus, species and authority
must be given. e. g. Tylenchorhynchus claytoni
Steiner. In later citations, the generic
name may be abbreviated to its initial letter.
eg. T. clayroni.

Special instructions in the fields of Physical,
Chemical and Medical Sciences are available
on application to the Secretary,

Short Communications : The Journal may
include a limited number of short communi-
cations. Authors should submit short com-
munications only when they believe that
rapid publication of their results is of the
utmost importance. A short communication
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables.
Short communications should be complete
in their own right and suitable for citation.
The title should indicate the content clearly
as these papers do not carry abstracts.

Proofs : Corrected galley proofs must be
returned to the Secretary without delay as
directed. Failure to do so will result in
delay in publication. Correction of proofs
by authors must be restricted to printer’s and
similar errors. They should be marked in
pencil. Any modification of the original text
is to be avoided. Responsibility for correc-
ting proofs rests entirely on the authors
though editorial assistance will be provided.

Reprints : 50 reprints will be supplied free
of charge for each article. Additional
reprints can be ordered on  the reprint
order form which will accompany the proofs.
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