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desired ion (either Ca°* or Poi-) followed by titrimetric
estimation of both.

Another similar experiment, namely, estimation of
iron from iron supplement tablets by redox titrations, is
mentloned in Chapter 4. In this experiment reduction of
ferric ions is carried out using zinc dust in presence of
dilute sulphuric acid.

In Chapter 5, a nonconventional experiment, prepara-
tion of paper models of the specles contalning octahedral
units has been mentioned. The models given here, are of those
specles which are involved in the reactions studied in
Chapter 2 to 4. Although this type of work is differen*
from the usual type of research work, it gives simple and
inexpensive methods of preparation of paper models which are
very much ugseful for better understanding of the structure of

complex species.

New_contributionsof the present work and their
pedagogical value 3

The experiments suggested in the present work are
designed in such a way that they are useful to gain experience
in the methods of synthesls, compositional study and various

methods of titrimetric analysis. The contributions of the
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present work to padagogy can be summarized as.;ollows s

1.

2.

3.

4.

Se

For metallo-~-oxalates, thelir ammonium salts rather than
potassium salts are useful for the recovery and reuse of
the metals. The present attempt is a step to introduce
to the students the concept of recovery of chemilcals that
has gained significance today.

The analysis of any one of the metallo-oxalates reported
here, introduces the students to at least three different
types of titrimetric methods (complexometry / iodometry,
redox titration and potentiometry).

In the thermogravimetry of any complex reported here, the
students get not only the training of the technique but
also its use for the calculation of parameters such as
degree of decomposition (a) and energy of activation (Ea)

for each step of decomposition.

In the experiment for estimation of calcium and
phosphate 1in presence of each other, the students get
experience of quantitative separation as well as the use
of three methods of titrimetrlc analysis [:alkalimetry,

complexometry and redox (permanganometry)] .

In the estimation of iron from the drug,the discussion
about the use of 'zinc dust method' instead of ‘'Sn-Hg

method! for reduction, makes the students aware about



6.

(iv)

pollution problem and the remedies to minimise it.

The analysis of consumer product like drug requires
complete disintegration of the sample. The students
get training of it in the experimentsmentioned above.

In the analysis of durg, the concentration of the
constituent to be analysed 1is exactly known. Hence the
comparison of the observed values with the results

expected and therefore, the error analysis can be done.

The paper models of an octahedron and a tetrahedron
without faces not only give the idea of the shape of the
chemical species but can also indicate all the atoms and
bonds. The two methods suggested, for getting such
models are easy and inexpensive and they are of immense

importance in teaching structural inorganic chemistry.



chapter

INTRODUCTION

Our experiments are not carried out to decige
whether we are right, but to gzin new knowledge.
It is for knowledge's szke that we plough and
TOW.

= R. Willstatter



CHAPTEK 1
INTRODUCTION
l.1 Learning through experiments
l.2 Some reported experiments having pedagogical value
1.3 Nature of the present work
References
ABSTRACT

In practical courﬁes of chemistry, experiment which
helps in learning different concepts, techniques and skills
in 1limited time has great significance. The designing of
such experiments may, therefore, be treated as research in
chemical education. Also, introducing new teaching aids is
equally important. This view is discussed by giving
appropriate examples from literature. The brief outline of
the present work which includes some such ideas is given 1in

this chapter.



1.1 LEARNING THROUGH EXPERIMENTS

“"To hear is to forget

To see 1s to remember

To do 1s to leara”.

This motto of Nufflield Foundation, the world-renowned
organisation related to chemistry educaiion, expresses rightly
the necessity of doing practicals to learn chemistry. The
practical should have a well-set procedure which can be
completed in limited time and should have reproducible results.
In chemistry practicals a gainful exercise is the one which

would

1. teach the new skills in experimental work,

2. help the students to (a) draw justifiable conclusions
from observations (b) realise that the chemical theory
is derived from observations and (c) know that there are
definite limitations in getting cent-per—cent accuracy,

and

6.

. create lnterest for the subject.

With these criterlia in mind we set some experiments
which have pedagogzical value in inorganic chemistry. As a
prerequisite to this some such representative experiments

reported earlier are mentioned.



1.2 SOME REPORTED EXPERIMENTS HAVING PEDAGOGICAL VALUE

The literature is cited in order to know different

types of experiments such as :

(a) The customary single laboratory period (3~h) experiment
such as estimation of a constituent from the solution contain-
ijng it (e.g. estimation of copper from given volume of copper

sulphate solution).

(b) The extended experiment requiring 2-3 laboratorj periods
such as preparation and purity of an 1inorganic complex e.g.
preparation and purity of [rucmia)e] 0121 or quantitative
analysis of an ore or alloy or a synthetic mixture.

(c) The group experiment where students are divided into
small groups, each responsible for only a portion of the total
data ultimately shared by all, e.g. estimation of iron from
Mohr's salte, FO(NH4)2(SO4)2'5320. which can be done groupwise
by titrimetry like permanganometry (group 1) and chelatometry
(group 2) or by instrumental methods like colorimetry (group 3)
and potentiometry (group 4).

(d) The project contalning a serles of experiments such as
study of Reinecke's salt3 which involves synthesls of the
complex, its analysis for the components, ion exchange experi-
ment, spectral studies and other measurementes like conductance

and magnetlc susceptibility.



(o) The extended project contuining a serles of experiments
which involve applications of usual methods for the analysis

of unknown samples such as consumer products e.g. determina-
tion of iron from razor blade by two methods of redox
titrationn4 or complete characterisation of unknown complex
6.g+ study of tra.ns-[ Co(en)zclz] 3 [Fe(o;:)a] -4%3205.

(£) The nonconventional experiments (which do not involve
actual work in laboratory) such as interpretation of given
dats (e.g. interpretation of spectra), solution of the problems
containing hypothetical data for analysis (e.g. estimation 6f
phosphate from large vat containing boiling mixture of
concentrated nitric and sulphuric acids, perhaps containing one
dissolved humans) and preparaticn of models useful for the

study of structural inorganic chemistry7.

The approach forteaching of chemistry courses has,
thus, changed in recent yesrs from the conventional
experiments to the use bf more purposeful exercises. Although
such an approach 1s galnful end stimulates much greater
enthusiasm in the students, it presents the teacher with the
problem of devicing various types of exerclses to include in
a course which famlliarize the student with as wide a range
of concepts, techniques and reactions as possible. This

approach initiated us to set a few experiments based on some



recent 1literature data. For this, suitasble modifications
in the procedures menticned in this data, have been done.

The merites of these experiments have also been discussed.

1.3 NATURE OF THE PRESENT WORK

The thesis 1s divided into five chapters.

Chapter 1 describes the background for the present

work with help of some appropriate references.

Chapter 2 deals with the synthesis and compositional
study of ammonium salts of metallo-oxalates of Al(III),
Cr(Il11), Fe(IIXI), Ni(I1), Cu(Il) and Zn(IX). The procedures
for preparing these complexes are given. The compositions
have been ascertained by chemical analysis and thermogravimetry.
The study of thermogrums, is extended further to find the
procedural decomposition temperatures as well as energy of

activation for different steps.
The pedagoglecal values of this experimental work are -

1. Information about the synthesis and merits of ammonium

galts of metallo-oxalates as compared to those of
conventionul potassium metullo-oxalates
2. Introduction to different titrimetric methods of analysis

Al(I11), Ni(I)) and Zn(I1I) - complexometry (EDTA method)



Cr(111) and Cu(ll) - Iodometry
Fe(II1I) and oxalate - permanganometry
Ammonium ion - potentiometry

3 Study of the technlque of thermogravimetry

Chapter 3 and 4 are related to the analyseis of
famjiliar samples of known compositions. They increase the
awvareness about the importance of chemistry of consumer
products. The concept of errors in chemical analysis is also
introduced by'calculating different parsmeters like relative
error, standard deviation and relative standard deviation.

This 1is useful to increase the awareness &about the precautions
which are to be taken during different steps of chemical

analysis in order to get accurate results.

In Chapter 3 a group experiment 1s given which
involves two methods for estimation of calcium and phosphate
from dietary supplement tablets. In both these methods Poz—
lons are preclpitated as quinoline molybdophosphate and
estimated by alkalimetry. In the first method Caz* ions are
estimuted by complexometry using EDTA solution (direct and
back titration method) while in second method Cazf ionsg are

precipitated as calcium oxalate and estimated by permangano-

metry.



This experiment has following pedagogical values -

1. Introduction to essential steps of analysis such as :

(1) The preparation of the sample solution of consumer

product by disintegration of the tablets,

(11) Quantitative precipitation of desired ions in

presence of each other,

(111) Use of different titrimetric methods namely,
alkalimetry, complexometry {(direct as well as back

titration method) and permanganometry.

2. Study of the comparison of two methods using calculations

of erroxr analysis.

Chapter __ 4 1s related to methods of estimation of
iron from iron supplement tablets. After disintegration of
tablets, the ferric ions in the solution are reduced to ferrous
ions using zinc dust as a reductant(in presence of sulphuric
acld} The estimation of iron 1s done by redox titration method
using potassium permunganuste as well as potassium dichromate as

titrunt.

The pedagogical values of the experiment suggested are -

1. Introduction to the preparation of the sample solution of

consumer product (disintegration of tablets).



2. Informatlion about the method of reduction of ferric ions
using zinc dust (in presence of dilute sulphuric acid)
which is an alternative to "Sn-Hg method”. [The Sn-lg
method involves use of HgCl (which 1is not desirable

due to pollution problem)].

2

3« Study of estimation of iron by redox titrations using
two different types of titrant-potassium permangenate and

potassium dichromate.

4. Calculations of error analysis.

In Chapter 5 a nonconventionsl experiment, namely,
the construction of paper models of the specles containing
octahedral basic units has been xzentioned. It invclves two
methods of construction of such models. The models of simple
specles (metallo-oxalates, metal-EDTA complex) &s well as some
polyanions contuining octahedral units have been constructed
(Refer photographs given in Chapter S). These specles are
involved in the chemical reactions involved in earlier

chapters.

The pedagogical values of this work are -

1. Simple and inexpensive methods for the construction of

paper models.



2. Preparation of more meaningful models becausg of the
formatlon of octahedral units without faces, which can
show metal and ligating atoms, bonds, bond angles, bond

lengths etc.

3+ Use of models to explain structure, geometricel / optical

isomerism for the complex species in a better way.

Thus the present research work seems to be an attempt of

different approach in ‘Chemlstry-education’.
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chapter

SYNTHESIS AND SOME COMPOSITIONAL

STUDJES OF AMMONIUM METALLO-
ZOXALATES

The ingenuity and effective logic that enabled
chemists to determine complex moleculsar
structures from the number of isomers, the
reactivity of the molecule and of its fragments,
the freezing point, the empirical formula, the
molecular weight etc., is one of the outstending
triunphe of the hurian mind.

— Henry Eyring



HAPTER 2

SYNTHESIS AND SOME COMPOSITIONAL STUDIES OF AMMONIUM
METALLO-0 TES

2.1 Introduction

2.2 Synthesis

2.3 Analysis

2.4 Thermogravimetry

2.5 Results and Discussion
2.6 Merits of the study

References

ABSTRACT

The preparation, analysis and thermogrevimetric study
of ammonium salts of metallo-oxalates [ MsAlL(III), Cr(III),
Fe(II1), NL(II), Cu(II) and Zn(II) ] are reported here. The
complexes are found to be of the type (NH4)3[MIH (0204)3]

'3820 and (NH4)2 [“II (0204)2 ] -2H20. The compositions have
been ascertained from the analysis as s carbon and hydrogen

(microanalysis); NH4* (potentiometric titration); Czoz-

(permanganometry); and metal (complexometry/lodometry/redox
titrations) as well as metal oxide and water (using thermo-
gravimetry). The TGA curves are also studied to get degree

of decomposition and hence energy of activatin for each step
of decomposition. The study of any of these complexes
requires three laboratory periods (3-h each). Such experiments

seem to be a purposeful investization for postgraduate students
of inorganic / analytical chemistry.



2.1 INTRODUCTION

In the experizents of synthetic inorganlc chemistry,
the complex selected should be such that, its preparation and
analysis should be easy. The oxalato chelates seem to be
ideal in this respect. The chelates like potassium salts of
metallo-oxalates [ Metal ion 3 AL(II1), Cr(III) end Fe(III)]
are common in the practical courses of inorganic chemistry.
One can extend the study of the complex for its other propertiles
also. e.g. Potassium salt of Ble oxalato-cuprate (I1) dihydrate
has been studied for its other properties such as TGA, spectra,

magnetic moment etc%’z.

Our literature survey indicates that the study of
ammonium salts of metallo-oxalates is limited as compared to

the potassium salts.

- I [ 111 .

The metallo-oxalates Mi [ MIT1 (C,0)5] xHo0 with
ul = x, va,; M = Fe, Mn, Cr, co; x =2 ena Ml =Fa;
MI1l - Coy, x = 4.5 have been reporteda. The study of X-ray and

4 I . I

thermal decomposition” of Ms [Fe(0204)3] 3320 with X* as K, Na
and NH4 is also reported. Paris et a1 have reported the
thermal decomposition of trioxalatometallates, (NH4)3
[7" 0,0 ]°3Ha0 where M = Fe, Gr and AL with Mp0; as final
decomposition product. The preparation and thermal decomposi-

tion of ammonium trioxalato cobaltate (I1I) trihydrate,
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(NH4)3 [Co(0204)3:1‘3H20 has also been reportede. The thermal
investigations of sodium and ammonium metal-carboxylato
complexes of the metals like Mn(1I), Fe(II), Fe(III), Co(II),
Ni(II), Cu(II), zn(II) and CA(II) (with the carboxylate ligand :
oxalate, malonate and succinate) in qolid state, have been
reported7’8.

Using the information given in the earller reports,
the study of synthesis, analysis and thermogravimetry of ammonium
salts of metallo—-oxalates of AY(III), Cr(III), Ep(III), Ni(11),
Cu(ll) and Zn(II) 1is carried out. The compositions have been
ascertained from the analysis for metals (by titrimetry),

’10) as well as metal and water

ammonium (by potentiometry9
(using TGA). The preparation of any such complex, its analysis
and TGA require about three laboratory periods (3~-h each). This
type of exercise, therefore, seems to be useful for the students
to gailn experience about the preparation of complex, standard
titrimetric estimations of all its constituents and use of thermo-

gravimetric analysis.

The plan of work and equatlons given herewith indicate
that this work is useful to get the knowledge about various

methods of analysis.

Based on the composition ascertalined from analysis,

these complexes seem to have octahedral geometry. To have better
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1dea about the structure, the models of these complexes have

been prepared (refer Chapter S5).

Plan for analysis of ammonium salts of metallo-oxalates

Amnonium salt of metallo—-oxalate *—-‘1’
Micro- stimatlon] [Estima on] [Estimation] {Thermo-
analyslis of C0, of metal of NHZ gravimetry
. (TGA and
i { I H DTG)
: ! P 3 :
Carbon Redox 513*, K1 , Potentio- 1. ¥ of water
Hydrogen titra- 2 2+ metry and of
Residue tion a (Titrant: reslduse
(metal (Titrents Complexo- (metal
oxide) K00 ) metry NaOH) oxide)
4 (Titrant:
EDTA) 2. Procedural
........ decomposi-
Cr3+-cu2+ tion
tempera-~-
Iodometry ture
(Titrants 3. En .
« Energy o
NagSz05 ) activa-
= “3‘; - tion for
Fe different
decompo-
Redox sition
(Titrants steps
KMno ) pa-
4
Equations:

Synthesig of ammonium galts of metallo-oxalates

Al (1II)

1\12(504)3 + 6 NaOH

—* 2 A1(OH), + 3 NagSO,

2 AL(OH)y + 3 H,Cp0, + B(NH,),0,08 — 20Ny [ A1(cg0, )5 ] 3150
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Cr (III) :
Fe (III) 3
+ 6 NH,Cl
N1 (II)
NCl, + 2(¥H,),C,04 + 20 —> (VHg),[ N1(c,0,),] 2,0 +

"+ 2 NE,CL

cu (I1) 3
CusO, + 2(NHg)Coly + 20 —* (NH4)2[CU.(0204}2] 0 +

+ (NH4)23 0,

Zn (II)
ZnS0, + 2(NHg) C,0, + 0 — (VHg)p [Zn(C204)2] ‘2H 0

Analysis of metallo-oxulateg

Estimation of oxalate -
Stundardization of KMnO,4

NajCh0, + HgSO, ~ NagS0, * HCo0,
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5H;C,0, + oMno, + 3H S0, — K;804 + 2InS0, + 10 Co,+ 8H20

Titration with KMnO4

HoS04
Ammonium salt of metallo-oxalate =—————a~p 320204

SH,Co0, + ZKMnO, + 3Hy80, —>K,S04 + 2 MnSO, + 10 CO, + BH,0

Estimation of metal ion
Disintegration of metal complex

1. (HC1 + HNO4)

Metal complex 2. HeS04 » M-sulphate + volatile products

AL(III), N1(1I) and Zn(II) s by complexometry i
Standardization of EDTA
or
M *+ In e« MIn (wine red)
Indicator

2-— -
MIn + NagCyoH oNo0g —> [M(CyoH o N-0g)] & + 2™ + a¥ + 1n

(Nay, = EDTA) (dissocla-
ted)
(blue)
(where M = an* / Mg2+)

Back titration of excess (unused) EDTA with standard Mg2+ ion soln.

Mo + EDTA = M (EDTA) complex
known excess
EDTA + uge* — Mg(EDTA) complex (Back titration)
unused (std. soln.)
Mgz* + In —-— MgIn

(blue) (wine red)
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2* .
Mg + EDTA — Me(EDTA) conmplex (Blank titration)

{(known excess
as in back

titration)
cr(ilI1i) :
3+ L= (AENO"’) oS-
2Cr + 3 5208 - 7H20 —_— Cr207 + b Hso4 + SH
(oxidaticn)
o= - 2-
2 8208 + 2,0 —-— 02(1)* 4S0,  (elimination of S§,0g )
(unused)
Cr20$- +61 + 14H+ — 2Cr3* + 312 + 7 H20 (1odonetry /
. ’ standardiza-
I + Na, S0, —> 2 Nal + X 0 tion of
2 2920 8549% .
NazS203)
Cu(il)

2cu+41 — Cusl, + Ip
“ (1odometry)
Ip + 2 Na_S,0, —> N&_S,05 + 2 Nal

272 2
Fe(111) :
HoS0
2 Faa + Zn —ii» 2 Fez* znz* {reduction)
(dust)

Zn + HY e——a zn2*+H2 (¢) (elimination of Zn)

(unused)

10 Fe°' + 2 Mn03  + 16 H' ~—> 10 Fe°' + 2 Mn>" + 8 Hn0

(titraetion
with Kané)
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Estimation of NH,

Stundardization of NaOu

C——o0 X c—0 K
@[ + NaOH —b .. *HO
¢ — OH ¢c—0 Na

Potassium hydrogen
phthalate

4 NH, + 6HCHO = (CHp)(N, * tH0 + 4 H (reaction

+
4 with HCHO)

EY = OH — Hg0 (Titretior. with NaOH)

Decomposition of metallo-oxeletes (Thermogravimetry)

For the complexes of Hai': .

o]

100-150 °c
)y [ M(c0,)5 ] *2H 0 > O, )g [ M(cg04)5] + 3H,0
upto 500°C
20H,), [ M(C504)37] + 30, — Mg0; + &VHy + 12C0, +
+ ZH O
2
For the complexes of Mz*
125 °c

®g), [ M(Co04)p] 'm0  ——— (g, [ Mic0p ]+ 0

O
280 °C
), [ M(Cx0 )] ——> MO + 2NH, + 4 COp ¢ HO
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2.2 SYNTHESIS OF AMMONIUM METALLO-OXALATES

All the chemlcesls used are of inalaR or equivalent

grude. The procedures are developed on the basis of those

reported for potessium salts of metallo-oxalates.

Reagents 3
Oxalic acld dihydrate
Ammonium oxalate monohydrate
Metal salt [ Sulphate for AL(III), Cu(il) and zn(1l);
chloride for Fe(llI) and Ni(11); and ammonium dichro-
mate for Cr(IIl)]
Sodium hydroxide
Methyl alcohol

procedures 3
Ammonium tris-oxalato aluminate (IIY) trihydrate :

In 30 mL of distilled water containing 2.50 g of KaOH
(0.0625 moles) is added 7.00 g of Al,(SO4), ‘18 H-O (equivalent
to 0.0210 moles of Al) with constant stirring. The precipitate
of Al(OH)3 is filtered through Whatman No. 41 filter paper and
washed with distilled water till it is alkali free.- In~ 50 mL
of hot distilled water are dissolved 3.75 g (0.0315 moles) of
HoC20,°2Ho0 and 4.48 g (0.0315 moles) of (NH, ) C-0,°H;0. To
this solution the precipitate of aluminium hydroxide is added
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and the solution is bolled. The unreacted Al(0H), is removed
by filtration. The solution 1s concentrated to ~ 25 mlL and
~ 2 mL of methyl alcohol is added. It 1s then cooled in ice
bath. The colourless complex is separated by filtration,
washed with small volume of ice cold 1:l methyl alcohol and
then dried.

Anmonlum tris-cxelato chromate (JJJ) trihydrute 3

In 100 mL of hot water contalning 17.50 g (0.1470 moles)
of H20204‘2’320, 5.70 g (0.0401 moles) of 034)20204'1120 is
added. The solution 1s heated to get a clear solution. In
100 mlL water 5.00 g (0.0198 moles) of (NH4)2Cr207 (equivalent
to 0.0396 moles ofCr)is dissolved and this solution is added
dropwise to the above oxelate solution with constant stirring.
Then the solution is concentrated to~ 10 mL. It is cooled
and to it ~ 4 ml of methyl alcohol is added. The deep green
crystalline product is filtered, washed with small volume of
ice-cold 131 methyl alcohol and then dried.

Ammonium tris-oxalato ferrate (11]) trihydrate 3

In 5 ml of water 1s dissolved 3.20 g (0.0197 moles)

of anhydrous FeCl, (equivalent to 0.0197 moles of Fe). In
~ 100 nL of hot water, ie dlssolved 9.25 g (0.065 moles) of
(NH4)20204'H20. To this solution is slowly added, the ferrie
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chloride solution with constent stirring. I1f ferric hydroxide
precipitate is formed, it is removed by filtration. The
solutlon 1s kept in 1ce bath. The pule yellow green fprecipitate
of complex is filtered, washed with small volume of ice-cold

1lil methyl alcohol and then dried.

Ammonium bjg-oxalato nickelate (I1) dihydrate 3

In 20 mL of hot distilled water, 8.064 g (0.05G2 moles)
N1012'6H20 (equivalent to 0.0°6% moles of Ni) is dissolved.
In another beaker conteining 100 mL of hot distilled water
20.74 g of (NH4)20204‘H20 (0.1459 moles) is dissolved. Both
these solutions are mixed with constant stirring and the
resultant solution is concentrated to ~ 50 mL. Then it is
cooled in ice bath. The pale bluish greem compiex is filtered,
~ washed with small amount of ice cold 1l:l methyl alcohol and

dried.

Ammonjum bis-oxalato cuprate (I dihvdrate

In 10 mL of distilled water, i1s dissolved 4.10 g
(0.0164 moles) of CusO,°SHo0 (equivalent to 0.0164 moles of Cu).
In 45 mL of hot distilled water is dissolved in 9.50 g of
(NH4)oC04°Ho0  (0.067 moles). These solutions are mixed
together with constant stirring. The resulting solution is

concentrated to ~ 10 nL.



It 1is then cooled in an ice-bath. The pale-skyblue precipitate
of complex is flltered, washed with small volume of ice cold
131 methyl alcohol and then dried.

Ammonium bis-oxalato zincate_ (IY) dihydrate 3

In 50 mL of hot distilled water 9.50 g of (NH4)2c204.H10
(0.067 moles) 1s dissolved. To this solution 10 mL of aqueous
solution containing 4.60 g (0.0160 moles) of Zn304-7H29
(equivalent to 0.0160 moles of Zn) 1s added dropwise with
constant stirring. The solutlion 1s concentrated to ~ 10 mL.
It 1s then cooled and to it 3 mL of methyl alcohol is added.
The colourless product is filtered, washed with small volume

of ice-cold 13l methyl alcohol and then dried.

The ylelds of the complexes are generally 50-60 per cent
of theoretical ylelds. The complexes are recrystallised before
use to make them free from ammonium oxalate. The recrystalliza-

tion 1s carried out by using aqueous alcoholic medium.

2.3  ANALYSIS OF AMMONIUM METALLO-OXALATES

The results of analyeis for carbon, hydrogen, oxzalate,
metal lon and ammonium lon are glven in Table 2.1. The details
of the observations und culculations for analysis of ammoniun
salt of oxulato complex of Ni(II) are given as a representative

cuse.
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2¢3.1 Microanalygis

The analysis of carbon &and hydrogen has been carried

out on HOSLI-HOLLAND carbon~-hydrogen analyser.

2.3.2 Estimation of oxalate

Analysis of czoi' is done by redox titretions
(permanganometry).
Reggents 3

Potassium permanganate solution (0.025 N)

Sodium oxalate (0.025 N) (Standard solution)

sulphuric acid (3 M)

(Refer Chapter 4 for the preparation of these resgents
and standardization of KMnO,).

groceduzg $

A definite quantity (about 0.1 g) of the complex 1s
welghed and dissolved in distilled water. The solution 1is
diluted to & known volume (100 mL). An aliquot of 10 mL of
this diluted solution is mixed with 10 mL of H_SO, (3 M) end

then titrated against previously standardized KMnO4 sclution
(0.025 N) until the end point faint pink cdlour is obtained.

From the titration reading percentage of c202* is
calculated by using the relation :
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2-
lmL 1N KMnOa = 44f?09 mg of 0204

In cuse of estimation of 0202- from Cr(lIlYand Ki(11)

complexes metal ions are removed by precipitating their

hydroxides [ by using KOH solution (10 %) ] and the filtrate

after neutralisetion [ by adding H SO, (3 M) ] 1s used for
o-

estimation of 0294 .

Estimation of C2oz- from Ni(11) complex 3

Welght of complex & 0.10600 ¢
Titration reading for 10 mL aliquot from 100 mL diluted solution
of Ni(I1, complex = 5.6 mL of KHno4 solution (0.02440N).

1 mL 1N KNnO; & 44.009 mg of C,05

-"+ 5.6 mL of 0.02440N KMnO, = 6.0134 mg of C0-
(in 10 mL aliquot)

* 100 mL diluted solution i.e. 0.10600 g of complex

60.13d mg  Of Cx0-

m

+'- % of 0202‘ in Ni(II)-complex = 56.73

2.3.3 [Estimation of metsl ion
Disintegration of metal complex

An accurately weighed amount (~ 0.1 g) of complex is

disintegrated using S mlL of Hcl-HN03 (1:1 mixture of concentrated
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acids) followed by & mlL of concentrated H,S0, solution.
After complete evolution of brown fumes the solution is cooled

and diluted to 100 mL exactly.

er 2

Estimation of Ala*J N1 and Zn 3

This 13 done by complexometry (ELTA titration method).

Reagents

Zn°" ion / Mg?

" 1on solution (0.0l M) (standard
solution) 3 For the present analysis Mgz* ion solution is
prepared by dissolving exactly weighed amount of pure magnesium
wire (about 0.24%12 g) 1in minimum amount of HC1l (2 ¥) and
diluting this solution to one litre exactly.

EDTA solution (0.01 M)

Buffer solution (pH 10) (ammonium chloride—ammonia)
Erichrome Black T indicator.

(Refer chapter 3 for the preparation of these reagents and
standardization of EDTA solution).

Procedure :

An aliquot of 10 mL of diluted metal ion solution is
neutralized with dilute ammonia. To this solution is added
known excess (25 mL exactly) of previocusly standardized EDTA
solution (0.0l M) and ~ 5 mL of buffer solution {pH 10) are
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added. The unused (excess) EDTA is back titrated with standard
Mg2* 1lon solution using Eriochrome Black T indicetor until the
end point blue to wine red colour is obtained. From the volume
of Mgz* ion solution required, the percentage of the metal ion

1s calculated using following relations 3

Volume of EDTA solution consumed by metal ion

2r

Volume of Mg“ soln. x molarity

Molarity of EDTA

lmL 1M EDTA = 26.98 mg of 4}3* / 58.71 mg of N:la+ / 65.37
mg of Zn2+

Estimation of N1°" from Ni(II) complex 3

Mean titration readings 3

Blank titration : 23.1 mL of Mgc" ion solution (0.01181 M)
Back titration 3 20.6 mL of Mg2+ ion solution (0.01181 M)

. (Blank-Back) reading = 2.5 mL

er ion

e2r

Volume of EDTA (0.01092 M) consumed by Ni

2.5 (mL of Mgz* soln.) x 0.01181 (M of Mg soln.)

0.01092 (M of EDTA)
= 2.7mL

4

1oL of 1 MEDTA = 58.71 mg N1°

2.7 mL of 0.0192 M EDTA = 1.731 mg of Ni°'(in 10 uL
aliquot)

. 100 mL diluted solution (1.e. 0.C96 g of complex) = 17.31

er
o mZ of Ni
o % of N1“" in N1(I1)- complex = 18.03. ¢



27

Estimation of grs* and Cu2'

This 1s done by iodometric method.

Estimation of Cra*

3+ >
Using peroxcdisulphate,Cr ions are oxidized to cr®”

and then estimated by 1odometry11.

Reagents 3

Ammonium peroxodisulphate solution (10 %)

Silver nitrate solution (2 %) in distilled water

Potassium iodide solution (10 %)

Starch solution (freshly prepared 1 & solution)

Sodium thiosulphate solution (approx. 0.025 N): 6.20 g of
N328203 is dissolved in one litre of water

Potassium dichromate solution (0.025 N) (standard solutiom ) 3
1.225 ¢ KeCro0, is dissolved in one litre of water

Er_qcedure H

Standardization of N32§203 solution using standard chr207

solution 3

An aliquot of 25 mL of K Crp07 (0.025 N) 1is mixed
with 20 mL of HCl solution (13l1) and 20 mL of freshly prepared
iodate free KI solution (10 £). The liberated iodine is
titrated against NasS8;05 solution (approx. 0.025 N) using

starch indicator (The end point is disappearance of blue colour).



Estimation of Cr_(I11)

To an aliquot of the diluted Cr(l1lI) soluticn, 10 mL

of ammonium peroxodisulphete solution(10%) 1s added and solution
i3 warmed to ~ 60 Oc. To this solution 5 mL of silver nitrate

solution (2 $) is added. The solution is boiled for 15 min.
It is then cooled and diluted to ~ 50 mL. To this solution

20 mL of HCl solution (131) and 10 mL of KI solution (10 %) are
added. The liberated i1odine is titrated against standardized
sodium thiosulphate solution (0.025 N) using starch indicator.
From the titration reading percentage of Cr(lIl) 1s calculated

naing the relation 3

l okl of 1 N NagS,03 = 17.332 mg of crs*

Estimation of ggg*

Reagents

Sodium thiosulphate solution (0.025 N)

Potassium dichromate solution (0.025 N} (standard solution)
Potassium iodide solution (10 £)

§tarch solution (1 4 freshly prepared solution)

Acetic acid (2 N)

Sodium carbonate solution (2 N)

Procedure :

An aliquot of 10 mL of diluted solution containing
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Cu(II) ions is neutralised with NasCO; solution (2 N). Using
acetic acid (2 N) the pH of the solution is adjusted to ~ 5
and then it 1s treated with 10 mL of KI solution (10 4,). Tae
liberauted 1odine is titrated with previously standardized
Ne,S,0, solution (0.025 N) using starch indiecator. From the
titration reading percentage of Cu(Il) in the complex is

calculated using the relation :

lomL 1N Nazszcb solution 2 ©63.50 mg of Cu2'

Estimation of Fe° '

Using zinc dust Fe3+ ions are reduced to Fezv and then

estimated by using redox titration method (permanganometry).

Reagents :

Sodiun oxalate solution (0.025 N) (standard solution)
Potassium permanganate solution (approx. 0.025 N)
Sulphuric acid (3 M)

Zinc dust
(Refer Chapter 4 for the preparation of these reagents)

Procedure i

To 10 mL aliquot of the diluted solution of Fe(IlI) ions
is added S§ mL of sulphuric acid soclution (3 M). The solution
is heated on water bath ~ 60 °C. Then ~s 0.5 g of zinc dust
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is added (to reduce ?03* to FeZ'). To the solution 5 oL

of HoS04 solution (3 M) is edded. The flask 1s shaken until
all the zinc dust is dissolved. This solution is.titrated
with previously standardized KMnO4 solution (0.025 N). From
this reading amount of Fea+ is calculated using the relation

1ol 1N KO, 5 55.85 mg of Fe°'

&
2:3-4Bstimation of lHsfrom ammonjum salts of metallo-oxalates :

Due to the limitation of conventional method (alkali-
metry) of estimgbion of NBZ in detecting the end point accurately
the estimation is carried out by potentiometry®’1®. The
analysis is based on the reaction of NHZ ions with forméldehyda.
The liberated acid 1s titrated against standard sodium hydroxide
solution potentiometrically using glass electrode and calomel

electrods.

Reagepts :

Sodium hydroxide solution (0.1 M)

Potassium hydrogen phthalate (0.1 M) (Standard solution)
Formaldehyde solution (2 %) s It is prepared by adding 6 mL
of 76 4 solution of formaldehyde to 100 mL dlstllled water.
The solution 1s neutralised by adding few drops of NaOH (using

phenolphthalein indicator). (Refer Chapter 3 for procedure

of stundardization of sodium hydroxide solution).
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Procedure 3

The accurately weighed amount of complex ( ~ 0.1 g) 1is
transferred to a beaker. To this 20 mL of rormaldehyde_solution
(24) 1s added and the solution is kept for sometime. The
volume is adjusted to ~ 80 mL and the liberated acid is titrated
potentiocmetrically with previously standardized NaOH solution
(0.130M) using glass and calomel electrodes. Each time 0.3 mlL

of NaOH solution is added and the corresponding emf is measured.

The equivalence point of the titration 1s obtained by
plotting graph of mL of NaOH added Vs. emf and also by plotting
graph of AE/ sV Vs. ol of NaOH added. The amount of NH
is calculated using the relation s

1oL 1M NeOH = 18.00 mg NH,

Estimation of NHZ from Ni(II) complex (Refer Figure 2.1)

——

Welght of the complex = 0.0880g

From the graph, equivalence point of the titration =
4.] mL of NaOH solution {0.130M).

lmlL 1M NaOi = 18.00 mg of NH;;
4.1 mL 0.1300M NaOli = 9.594 mg of NHZ

+

.. 0.0830g 4i.e. 98 mg of complex contains 9.594 mg of NH4
. o 100 mg of complex = 10.90 mg of NH;
.« % of NHJ 1n N1(II)- complex = 10.90.
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Table 2.1 Analy91; of ammonium salts of metallo-oxalates

Analysis Ammonium salt. of metallo-oxalate complex of
*) AL(III)  Cr(III) Fe(I11) N1(II) Cu(II) zn(11)
c 14.68 19.03 17.74 17.62 15.71 16.47
(18.05) (16.98) (16.83) (15.65) (15.41) (15.232)
H 4,91 3.86 4,46 4,65 3.83 4,68
( 4.51) ( 4.25) ( 4.21) ( 2.91) ( 3.85) ( 3.83)
Cg0 4" 63.70 59.77 65.00 56473 57.78 55.59
(66.17) (62.26) (61.70) (57.39) (66.50) (56.16)
(a’ 6.01 14.58 13.04 18.CG 19.55 £l .47
(c) 7.86 13.94 12.92 2.16 20.47 17.35
(6.76) (12.26) (13.05) (19.13) (20.39) (20.86)
NH; 13.48 12.05 12,47 10.90 12.97 11.20
(13.54) (12.74) (12.62) (11.74) (11.56) (11.49)

*The values in the parentheses indicate the calculated values.

(a) from titrimetric estimation (b) from the residue in TGA
(¢c) <from the residue in microanalysis.



2.4  THERMOGRAVIMETRY OF AMMONIUM METALLO-OXALATES

2e4.) Theoretical background

Thermogravimetry is a method that involves measurement
of change in the weight (mass) of a sample as a function of
change in 1its temperaturell’lz. It 1s done by using thermo-
gravimetric balance where at a time, both weight and temperature
of the sample are measured. The instrument consists of (1) a
precision balance (accuracy 1 mg), (2) a sample holder (which
is stable within temperature range og‘experiment) suspended
from balance pan into the middle portion of furnace (3) a
furnace for heating the sample (temperature of which can be
programmed to increase linearly) and (4) temperature measuring
equipment (thermocouple). The heating should be such that it
should not affect functioning of the balance. The TGA curve
(thermogram) 1s plotted as percentage mass loss against tempera-
ture. The accuracy of TGA experiment depends on the accuracy of
balance, the particle size and amount of the sample, heatling
rate and type (static / dynamic) as well as nature (air/

nitrogen) of atmosphere.

From TGA it is poseible to get information about the
amount of water assoclated and of thermal decomposition of the

complex. From the residue of the sample, metal content can also
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be culculated. From TGA, it 1s possible to plot dm/d+¢

i.e. derivative of mags change against temperature change
(differential thermogravimetry DTG). From the DTG curve,
temperature range for each step of decomposition is obtained.
Also the exact temperature at which maximum decomposition

occurs for that step can be found out.

From TGA curve, we can calculate the fraction of the
semple undergoing deccmposition in a particular step [ i.e.

degree of decomposition (a) ]. It can be expressed as :

% loss at time ¢t

Total $ loss for the step

For the reaction in which the order 1s unknown, Coats

and Redfern derived the following expressionlag_
l—(l-a)1-9
= F(ax) = 1n 3
1) T

where F(a) 1s appropriate mechanistic function expressed in
terms degree of decomposition ()}, n is the order of reaction

and T is temperature in °k at (a).

For the correct choice of F(a) and n the graph of
F(x) against 1/T ‘gives a straight line. The slope of this
line gives the activation energy (Es) for that particular step
as per the relation 3 B
Ea = - slope xR

vhere R is Gas constant (8.314 J K-l mol-l)-
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In the calculations the value of n is varied such that the
correlation coefficient i1s obtained close to + 1.0 for the

given set of data.
P.4.2 Procedure

The thermogravimetric analysis 1s done by using a
laboratory-constructed thermobalancel4. It 1s calibrated by
using freshly prepared crystalsof copper sulphate and calcium

oxalatell- The following specifications are used for TGA @

Sample container : cylindrical cup of corning glass. [ 6 mm
(1d) x 20 mm  (h) ]

Particle size of sample s 150 mesh

Amount of sample 1t S50-100 mg

Precaution taken to reduce the sample-loss ¢t On the top

surface of the sample a layer of ~ 150 mg of dry silica gel

(co;qmn grade) 1is applied. (Silica gel is an inert compound,

§:i;bie at high temperature).

Rate of heating 1 3% min-l

Temperature range of study : room temperature to 700 °C

Atmosphere 3 dynamic air [ Agspirator assembly 1s used for
removing the evolved gases, with the flow of air

at a rate of 6 litres per houro]
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For each metal corplex TGA and DTG curves are plotted.
From TGA curves percentzge of water associated and of metal
(from residue of metzl oxide) are calculated. For the complexes
under study two steps ere observed in TGA, the firet one being
for dehydration while the second one being for decomposition.
From the second step the procedural decomposition temperzture

is obtainedlso

From the DTG curves the exact temperuture renges for
ubove mentioned steps are obtaired. For these ranges where
the accelerated weight loss ia observed, the TGA curves are

expanded.

For each curve the best fitting straight line is drawn
for the region of maximum weight change. At least six points
are selected on this straight line. The data of temperature
« %k ) and corresponding weight loss (4) is tabulated. Using
this data, the values of F(a) are calculeted using Coats and

Redfern equation.

The graph of F(a) against 1/T 1is plotted and from its
slope energy of activation for that step 1s calculated.

Although all these calculations can be done manually, we
have done this work using the computer programme{developed in

our department by Dharltbwith the help of BBC microcomputer.
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The thermograms of the complexes are eshown in

Figure 2.2.8 and c.Z2.tL and the data obtalred is surmarized

in Table 2.4.

As an illustration the graphs and calculations for
Ni(I1I)-complex ere shown in detuils. Figure 2.3 shows TGA
and DTG for this complex. Figure 2.4 and 2.5 show the graphs
required for finding out the energy of activation for the two
steps of decomposition of the complex. Table 2.2 and 2.3

give the relevant information.

2.5 RESULTS AND DISCUSSIOX

The results of analysis as well as thermogravimetry
for various constituents (Table 2.1 and 2.4) are in good
(¢ o,),] -38.0
(vhere M''I 1 A1, Cr, Fe) snd (N, [ MI1(C,0,),] -2H0
(where il Ni, Cu, Zn). These compositions are similar
758,17518 ¢ the metal

agreement with ‘the compositions (KH4)3 [ } A

to those of reported metallo-oxalates
ions under present study. [ There is, however, slight variatiom

in number of water molecules in some of the reported composi-

tionu7’8-]

The analyses also indicate that the adsorbed water is

not assoclated with these salts.
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Figure 2,2(a): Thermograms of
ammonium metallo-oxalates of
A1(III),Cr(III),Fe(11I)
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Figure 2.2(b)s Thermograms of
ammonium metallo-oxalates of
Ni(II),Cu(II),Zn(II)

1. (NH4)2[N1(0204)2] 28,0
2. (NH4)2[Cu(6204)gJ.2320
3. (EH4)2[Zn(C204)2].2320
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Figure 2+4 3
Step I of thermogram of

(NHy) 2[N 1(c204)2J - 2Ho0
(a)Expanded part of TG.
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Table 2.2 ¢ Information obtained for the first step of
" thermogram [ Region I 3 100-140 °C
(dehydration)] for ammonium salt of oxalato
nickelate (II)

Information obtained using computer programme:

Order = 0.85 Intercept = 4.183 x 1ol
Corr. coefficient = ~ 9.792 x 101
Activation energyEa= 174.0 kJ mol—l
No. 4 wt.loss T% (@Q/Tx1073)* F(x)
1 1.0 102.5 2.663 - 14.21
2 4.4 110 2.611 - 12.58
3 7.2 115 2.577 - 11.89
4 8.4 117.5 2.561 - 11.60
5 9.8 122.5 2.528 - 11.22
6 10.4 125 2.513 - 10.98

®Calculated ufter converting temperature into %

Information obtained from graph 3
- 2.0

The slope of graph of[F(«) Vs. 1/T)= =
0.1 x 10

1

4
» « Eg = - glope x R = 2.0 x 10 x 8.314

16.628x 104.1 mol

166.28kJ mol-l



Table

2e3

Information obtained for the second step of
thermogrem [Region 11 : 200-280 °C
(decomposition) ] for amionium salt of oxalato
nickelate (1I)

Information obtained using computer programme:

Order = 0.95 Intercept = 1l.6212 x 101

Corr.coefficlent = - 9.981 x 10-'l

Activation energy 121.6 kJ mo].-l

No. % Wt. loss T °C /T x 10-‘3)"I F(a)

1l 18 200 2.114 - 14.79
e 23 210 2.070 - l4.26
3 36 220 2.028 - 13.48
4q 53 230 1.988 - 12.86
S 69 240 1.949 - 12.39
6 ol 2558 1.8094 - 1ll.62

[
Calculated after converting temperature to %

Information obtained from graph 3

- 20
The slo f gra fIF(a) Vs 1/T} = =
Pe of eraph of[F(a) ] 0.14 x 10 °
= - 1.43 x 10°
[ ] 4 4 _ 4 -l
« = Ea - - slope x R =l‘quIOXS'31 =11.83 x 107 J mol

= 118.9 kJ mol ™*



Table 2.4 Thermogravimetric study of smmonium salts metallo-oxalates

Complex Tempera- & loss Tentative assignment Energy of
(Composition baged  ture °°‘éé"§¢1°n
on the analysis) (®°¢) al_,
kJ mol
(NHg) 4 [Al(C204)3]' 62-175 12.00 Loss of coordinated water a. 76.4
. 3H.0 (Calc.® 3 13.54 %) b. 79.8
2 200.525 76.00 Decomposgition 8. 36.5
b. 30.7
Residue 3 12.22 & (calculated’*=
pa0t** 12,77 4)
(NH.)s | CT{(C,04)al" 100-197 11.00 Loss of coordinated water a. 18.9
)3 [07(C00);] (Cale.® 1 12,74 £) b. 22.9
3320 300-362 74.00 Decomposition 4,133 .4
b.1E9.E
Residue : 15,00 4 (Calculated®’=
17.92 %)
Y
220
(NHq)q [Fe(0204).,] . 65-145 10.00 Loss of coordinated water 8. 775
e (Calc. s 12.62 s) b. 68.3
i)
« CHy0 162~375 75.00 Decomposition a. 374
b. 31.6
LE)
Residue ¢ 16.00 § (Calculuated =
18.65 §)
0o0®**

Contd e



Table 2.4 (contd.)

Complex Tempera=- £ loss Tentative assignment Energy of
(Composition based ture activation
on the analysis) (°c) (Ea) _
kJ mol 1
(NH4),_[N1(0204J,.] . 100-126 15.00 Loss of coordinated water a. 174.0
2 0" (Cal® s 11.74 %) , be 166.3
2 200~-2556 75.00 Decomposition a. 121.6
.. b, 1l18.9
Residue : 2.75 % (Calculated =
Lo5®* 24.35 %)
(NH4)L[.cu(czo4hJ . 100-125 12.00 Loss of coordinated water a. 192.4
om0 (Cale.*s 11.56 4) b. 189.2
2 200-280 72.0 Decomposition a. 28.4
.o b. 7.7
Residue : 22.51 (Calculated =
25.53 1)
oo5***

Contd ..



Table 2.4 (contd.)

Complex Tempera- %€ Loss Tentative assignment Energy of
(Composition based turg activation
on the analysis) ( C) (Ea)
(NE, ) | 20(C-0. ). |° 150-185 16.00 Loss of coordinated water Be 6746
4 "[ o 2% "] (Cale.* s 11.49 %) be 6645
20 375-406 48.00 Decomposition a. 89.5
b. 91.5
Residue t £6.00 & (Calculated':
25.97 4)

fLoss calculated for coordinated water (3H20 for HIII- complex and o0 for MII-

‘%ornesidue calculated assuming metal oxide.

"'Procedural decomposition temperature

&. E; calculated using computer programne .

b. Ea calculated using graph of F(a) Vs. 1/T.

complex)



For the analysis of Fe(1III) or Cu(lIl) complex,
instead of using separate amounts of the complex for
estimating czoz- and Mn+ individually, one can use the same

amount for the estimation of both as per the follcwing methodl’a"la.

The exactly weighed amount of complex is dissolved in
water and diluted to known volume. The aliquot of this
solution is used for estimating czoi' by permanganometry.
After the end point the addition of KMnQa is stopped. The
same solution 1s utilized further for estimating metal.[Fb(IIi)
by’ permanganometry while Cu(II) by lodometry ] by following
proper precautions of redox conditlions and pH. We have tried

this procedure of estimation also and got good results.

The TGA curves indlcate that the salts loose water
molecules in the temperature range 60 - 200 °C and then starts
theinr decomposition to give metal oxidesby loosing probably
ammonia and carbon dloxide (Refer the equations given). The
Eg values for dehydration and decomposition are found to be
18 to 190 and 27 to 130 kJ mol-l respectively for these
complexes. The procedural decomposition temperatures indicate
that the metal ions can be arranged as per the increasing thermal

gstabllity of the complex in the order as s

N1(II) { Fe(11I) ¢ cr(II1) { Cu(ll)  AL(IID) 2n(11).
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An abnormal observation is noted in case of Ni(II)-
-complex where we get the percentage of residue very much
less than the expected value. Such loss 13, however, not
seen complexes such as NiC,0,°2H,0 or Ni [Ni(czoé)zjl'zﬁzolg.
This observation, thus, seems to be an interesting thing

which requires further detailed investigation.

2.6 MERITS OF THE STUDY

Oui study suggests that ammonium salts of metallo-
-oxalates may be better than potassium salts. The probable
reasons for this are ;s followss (1) The thermal deccmpoasition
gives pure metal oxide. One can recover the metal from it.
(11) The thermogram obtained 1is useful for calculation of
percentage of metal (ii1i) During TGA of potassium salts, the
sample holder 1s affected (due to formation of K20). This

drawback 1s eliminated when ammonium salt 1s used. (iv) The

-+

4 can be easily performed.

analysis of NH

The experimental work suggested in this chapter is
useful to gain experience in the preparation of some metal
complexes, thelr analysis (involving different types of
titrimetric methods) and thelr thermogravimetric study. The
study of any one of these complexes gives experience of using
different techniques and utilizin: the experlmental data

obtained for purposeful investigation within reasonable time.



39

REFERENCES

l.
2.
J.

5.

6.

7.

8,

10.

11.

l2.

Udupay, M.R., ind. J. Chem. Fduc., 8, 34 (1981).

Darely, J.R., Hoppey J.I., J. Chem. Educ., gg, 365 (1972).
Matsul, M. and Nakanishi, T., J. Sci. Res. Inst., gg,

26 (1952).

Broadbent, D., Dollimore, D. and Dollimore, J.,

Je Chem. Soc.(A), 451 (1967).[Chem. Abstr.: gg, 82017 K]
Parls, J., Rousset, A. and Chassagneux, F.,

Prog. Vvac. Microbalance Tech., g, 416 (1975).

Usha, M.G., Subba Rao, M., Narayan Kutty, T.R.,

Indien J. Chem., 20A, (1981).
Saha, H.L., Mitra, S., Thermochimica Acta, 109, 331 (1987).
saha, H.L., Mitra, 8., Thermochimica Acta, 112, 275 (1987).

Searle, G.H., Bull, G.S. and House, D.A., J. Chem. Educ.,
oo, 605 (1989).

Palmer, W.u., "Experimental Inorganic Chemistryv,
Cambridge University, Cambridge, 1954, P. 204.

Vogel, A.I., "A Text book of uantitative Inorganic
Analysls including Elementary Instrumental Analysis",

4th ed., ELBS and Longmans (1978), P. 36l.

Dollimore, D. and Keattach, C.J., "An Introduction to
Thermogravimetry", Heyden (1lY7¢), p. 43.

Coats, A.W., Redfern, J.P., Nature, 201, o3 (19c4).



40

14. Mhaske, R.BE.y M.Fhil. Thesis, Univerasity of Poona

(1987) P.185.

15. Bottei, R.S. and McEachern, C.P., J. Inorg. Nucl. Chem.,
gg, 2653 (1970).

le. Dhar, P.S., Ph.D. Thesls, University of Poona (1980)
P. 47.

17. Krishnamurty, K. V. and Harris, G.M., Chem. Rev., g%,
212 (1961).

18. J. Olmsted Il1, J. Chem. Educ., 2%’ 1098 (1984).

19« Kelkar, V.D. and Pokharkar, S$.R., Unpublished work.



chapter

TITRIMETRIC ESTIMATION OF CALCIUM
AND PHOSPHATE IN DIETARY SUPPLEMENT

TABLETS

I1f from any art you take away that which concerns
weighing, measuring and arithmetic, how little ie

left of that art !
— Plato
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CHAPTEKR 3

TITHIMETRIC ESTIMATION OF CALCIUM_AND PHOSFHATE IN LI1ETAHY
SUPPLEMENT TABLETS

3.1 Introduction
3.2 Theoretical background
3.2 Experimentsal
3.4 Results and Discussion

References

ABSTRACT

An experiment 1lnvolving estimation of calcium and
Phosphate is suggested which enables the student to gain
experience in three types of standard titrimetric estimations,
namely, neutralisation method (alkalimetry), redox method
(permanganometry) and complexometry (EDTA titrations). It
also gives two methods for separating and estimating one of
these constituents in presence of other, which otherwise is
erroneous. The resulte show accuracy and reproducibility.

The methods have been used for the estimation of calcium and

phosphate from salts and some dietsry supplement tablets.



3.1  INTRODUCTION

The teaching of titrimetric analysis has now
introduced purposeful exercises involving analysis of consumer
products such as drugs. This necessiates the setting of
experimentes which familierize the students with as wide a range
of titrimetric reactions as possible. The experiment for
estimation of calclum &nd phosphate in dietary supplement
teblets 1s suggested here. It is profituble as it adds to
variety in the laboratory programme, enables the students to
gain experience in snulyeis of a familiar sample of. known
composition and increasestheir awureness about the importunce

of chemiatry of consumer products.

For estimation of Ca?* and Poi- from dletary

supplement tab}ets, they are disintegrated using nitrlc acid
(111) and concentrated hydrochloric &cid (so that organic
matter is removed). The solution is diluted to a known volume
and aliquots from it may be used for the analysis by either of

the two methods sugzested here.

Any of these methods for the estimation of calcium
and phosphate involve separation and combtined use of different
types of titrimetry, nemely, acid-base, redox and complexo-
metry. This otherwise, is not possible due to the precipitation
of their salt. The analysis of a sample using both the methods
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wlll require three 3-h laboratory pericds.

The flow sheet zand reactions for the exreriment

are given herewith.

Method 1

In this method phosphate 1s separuted as quinoline
molybdeophosphate precipitatel. For this, to the solution
contalining Ca.?'+ and Poi-, concentrated hydrochloric acid,
sodium molybdate and quinoline hydrochloride reagent are added
successively. The yellow precliplitate 1s digested on waterbath.
It is filtered through whatman filter paper No. 41. The
precipltute 1s dissolved in known volume of stundard solution
of sodium hydroxide. The excess of sodium hydroxide is back
titruted with stendard hydrochloric acid using phencolphthalein
indiceator. |

The filtrate and washings obtained after removing the
precipitate of quinoline molybdophosphate, are collected
together. To this solution liquor ammonis 1s added dropwise
till the white turbidity dissolves and pH of the solution
becomes about 10. Then the solution is diluted to definite
volume with distilled water. The aliquots from‘this solution
are used for estimation of calcium using EDTA solution (elther
directly or by back titration wifh standard zinc sulphate
solutionz).



Flow sheegt

Tablet / Tablets (Weighed exactly~1 g)

(Distintegration)
1. HNO, (1:1)
2. HC1 (concentrated)
3. Heat
4., Cool and filter
iltrat ntainin ’
Residue (if any) F 2.c° ¢ (Separation)

ca’, pogj

Reject
Pilute to known

volume (250 ml)

solution®

Used for estimation
of caZ* and PO by

Method I and Method II

Refer next two pages



Method ]

Aliquot' (25 ml)
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Precipitute orf

quinoline

molybdophosephate

1.

2.
-

Dissolve in known

excess of NaOH

Dilute to known
volume 250 mL

3-
P04 solution

l. Eack titration
of unused NaOH
with std. HCl
(0.05 M)
solution

2« Blank titration

—

Amount of Poz“ in the
sample

1.

HCl

(conc.)
2. Sodlum molybdate

solution
3. Heat
4. (Quinoline hydro-

5. Digestion

chloride solution

. Filter
Flltrate and washlngs
Ca2*
Dilute to
known volume

250 ml solution

{(Direct
titration)

PIJA

50 mlL aliquot

B (Back
titration)

50 mL aliquot

Complexometry Complexometry
Titrate against 1. Add known
EDTA (0.01 M) excess of
using Erio- EDTA
chrone
Black T indica- 2. The unused
tor EDTA 1is
* back
2¢ titrated
Amount of Ca“ in with stan-
the sample dard
2ns 04
4. Blank
1 Titration.

Amount of Caa* in the

sample
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Aliquot- (25 mL) (containing
ca®’ and PO°

4

1.  CH,COONH, + HOOC*®COONH,

2. Digest, filter

Precipitate Flltrate
3-
CaC,0,*Ho0 PO,
1. H2504 (dilute) 1. HC1 (conc.)
2. Sodium molybdate
2. gétut? to solution
i 3. Heat
2;{ 4. Quinoline hydro-
Ca solution chloride solution
+ H2_0204 (1iberated) 5. Digestion
- 6. Filter
Redox titration
using standardized
KHnO4 Precipitate of Filltrate
= 2“1§°%3n°; hat Rejected
Amount of Ca®' 4n molybdopnospaate
the sample 1. Dissolve in
known excess
of NaOH
2. Dilute to known
volume 250 mL
Poi' solution
1. Back titration of

A

unused NaOH with
std. HC1 (0.05 M)
solution.

2. Blank titration

Amount of POS- in the
4
sample
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Equations
L= 34"
Disintegration to tablet ¥o ——>  H.PO
q . 3 4
acld
l- HNOa
organic matter _o- HCl | volatile products.

Estimation of Phosphate (Guinoline molybdate method)

@ +Hel — e mn]” c”

y Quinoline hydrochloride
Quinoline

HyPOg4 + 12 NagMoOy + 3 (CQHNJH'Cl + 24 HC1 —»
sodium molybdate

(CglioN) By [904-12-1003] + 24 NaCl + 12 H,0 + 3HC1
Quinoline molybdophosphate (yellow)

(Cc NQ)H PO,°12 Mo0,| + 2¢0H —» 3 (CHA) +
o7 3[ (know:r]: excess of NaOH) 7

2- 2~
12 Mo0S™ # HPO + 14 Hg0

Titration NaOH + HC1 ) NaCl =+ H20

(unused) (std.soln.)
Standardization of

O
:;go?iin?niﬁﬁiiiim' Lo + NaoH — L
E:J(i—o“ 'rﬂfﬂa? + H20
H ~0 o o~
ar, %ﬁ NV
c sl
Phenolphthalein triphe Phenolphthalein

(colourless) carbino 1on ion (Red)
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Standardization of EDTA M2* + In =3 MIn (wine red)
Indicator

MIn + NagCyoH) No0g — [K(C)g  No0g) % + 2" + 2na”

2710
Naz- EDTA M - EDTA -
+ In
(dissociated)
(blue)

(where M = Zn2+, Mgzv)

Method I A
Direct titration of Ca2+ with EDTA using Eriochrome

Black T 4indicator.
o= .

Na - Hzp HD
Eriochrome Black T

PH ~ 10

Ma*-t}mz > MD + H

blue red

o
where Hg* @ Ca , Zn _

(0]
and -
ey

D & CpoHyoNo0,8 =
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Method I B

Back titration of excess (unused) EDTA with standard
zine sulphate solution.

cat + EDTA —  Ca(EDTA) complex

known

excess . (Back titration)
EDTA * Zn2 —>» Zn{EDTA) complex

unused (std.soln.)

ad

Zn + EDTA — Zn(EDTA) complex (Blank titration)

(known excess

as in back
titration)

Method I]

Oxalate method, titration with standard KMnQ4 solution

Standardization of KMnO; s

2r 2=,
S0, —> 2Mn" + 380, +8HO~10CO,

5 H,C0, +2Mn0y + 3 Hy

Precipitation of Cae+ ions as calcium oxalate.
o+ o=
Ca~ + 2C,04 = CaCy0y

CaC 04 +H

o S04 —> Cas0, + H,C,04 (dissolution of ppt. of

2 cac,0,)

- 2f 2-
5 H,C 04 + 2 MnOg + 3 Hy504 —> 2Mn~ + 280, + 8 HO + 10 Coy

(titration with Kﬂn04)-
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ethod

In this method, from the solution contzining Ca2+
and Poi- ions, Cae* ions are separuted as calcium oxalate
precipitate, which is then dissolved in hot dilute sulphuric
acid solution. Oxalic acid produced is titrated with
previously standardized potassium permanganate solution. From
the volume of potassium permanganate solution, amount of Caz'
ions is celculated. From the filtrate (obtained after removing
precipitate of calcium oxalate), POZ- jons are precipitated as
quinoline molybdophosphate and estimated by alkalimetry (as

described in Method I).
3.2 T GRO
at of 4 ampl

In the disintegration the use of acid mixture is
found to be necessary in order to get clear solution and to
remove the organic matter (which may interfere in KMnO, -

titration).

3-

Estimation of PO,

1
In the proposed methods, phosphate is estimated by
»Quinoline molybdophosphate method" which is better than the

conventional "Ammonium molybdbphosphate method®. In the

conventional method, Poz_ jons are precipitated as ammonium
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molybdophosphate complex. The precipitate of

(ity)5 [ £04°12(M00,)] 18 treated with standard solution of
sodium hydroxide. The excess of scdium hydroxide is back
titrated with standard hydrochloric acid solution using
phenolphthalein indicator. However, the results are less

accurate due to lideration of ammonia.

The advantages of the reagent containing sodium
molybdate and quinoline are - (1) the precipitate formed,
quinoline molybdophosphate is 1999 soluble and has a constant
composition (11i) Quinoline is ; weak base and does not
interfere in the titration.

Estimation of Ca2’

Complexometric (1.e. EDTA) titrations :

Direct method

When Caz* ions are titrated with EDTA solution, a

relatively stable calcium-complex 1s formed.

e~ +
Caef + HoY = CaY + 2H (where Y = EDTA)

L]
with Ca‘* ions alone, end point with Eriochrome Black T
indicator is not sharp. The EDTA complex formed by M82+ ions

1s less stable.

——

- 2 +
M22* + HzYz &= Mg + &H
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Also magnesium - indicator complex is more stable than
calcium - indicator complex but less stable than magnesium -
EDTA complex. Therefore, during the titration of a solution

o 2¢
containing Ca and Mg 1ons with EDTA, using Ericchrome

Black T indicator, EDTA reacts first with Ca®’ ions, then with
sz* and finally with magnesium = indicator complex. Slnce
magnesium - indicator complex 1s wine red and free indicator
is blue (in the pH renge 7 to 11), the colour of the solution
changes from wine red to blue.

. - 2- 2- -
MgD~ + HY =  Mgy° + ED° + E

(red) (blue)
(where D is Eriochrome Black T indicator).
It M52+ ions ere not present in a solution containing Ca2+
ions, then they are added in one of the followlng manners -
(1) 1little MgClp is added to EDTA solution before it 1s
standardized or (i1) little Mg-EDTA solution (1 £) 1s added
to buffer solution or (i1ii) little Mg-EDTA (MgYa-) solution

19 added to 032* ion solution.

The interference due to metal longs like Cu2+, Mn
etc. in this method can be overcome by using suitable masking
agentsl.
Back titration method

To the aliquot contalning Cae*, a known excess of EDTA



53

solution 1s added and the unreacted EDTA 1s estimated using
OS¢
standard an* or Mg solution using Eriochrome Black T

1ndicator1-

Redox titrations (i.e. permanganometry) 3

From an aliquot containing Caa*, calcium 1s

precipitated as calcium oxalate using ammonium oxalate. The
precipitate 1s filtered, washed with water and then dissolved
in hot dilute sulphuric acid. The liberated oxalic acid is

estimated using standardized potassium permanganate solution.

3.3  EXPERIMENTAL

The setting of the procedure is done by using standard
3—
solutions of Ca’ and PO, , their synthetic mixturesand a salt

of known composition. The detalled procedure 1s ziven below
and the results are given in Table 3.1 to 3.3. Some of the
well-known dietary supplement tablets contalning calcium and
phosphate are used for the analysis. All the reagents and
chemicels used are of Analar or equivalent grade.

3-
1. Estimation of PO4

2e Estimation of cas*
3. Estiwation of Poi- and Caz* together from synthetlc

mixture and a salt.
4. Estimation of poi‘ and Caa* from dietary supplement tablets.



3=
3.3.1 Estimation of PO,

Reagentsg

Aqueous solution of sodium molybdate dihydrate (15 %) :
75 g of NaMoO,y 2Hy0 in 500 mL.

Quinoline hydrochloride solution : 20 mlL of redistilled
quinoline solution is added to 800 mL hot water containing 20 mL
concentrated HCl. The solution 1s stirred well, coolaed aand

filtered. It 1s then diluted to one litre with distilled water.

HC1 solution (0.05 M) 3+ 4.5 ml, of concentrated hydro-

chloric acid per litre.

NaCH solution (0.5 M) 3+ 20 g of sodium hydroxide
per litre.

NaOH solution (0.05 M) 3 100 mL of NaOH (0.5 M) diluted

to one litre.

Stock solution of 902- (1 ng Poi' / mL) 3 1.4330 ¢

of potussium dihydrogen phogphate (KH2P04, molecular welght
136.09) is dissolved in one litre of distilled water.

$tandard aqueous solution of potassium hydrogen
phthalate (0.05 M) & 2.5525 g per 250 mL.

Phenolphthulein indicator : Alcoholic solution (1 %).
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Procedureg 3

Standardization of codidm hydroxide soiution (approx. 0.05 M):
An aliquot of 25 mL of potassium hydrogen phthalate solution
(0.05 M) 1is titrated against sodium hydroxide solution (approx.
0.05 M) using phenolphthalein indicator till the end point

colourless to pink is obtained.

Mean titration reading = 22.8 mL of NaOH
Exact molarity of NaOH solution = 0.05485

Standardization of hydrochloric acid solution (approx 0.05 M) @

An aliquot of 25 mlL of HCl solution (approx. 0.05 M) is
titrated eagainst standard NaOH solution (0.05485 M) using
phenolphthalein indicator till the end point colourless to pink
is obtained.

Mean titration reading = 24.4 mL of NaOH solution
Exact molarity of HCl solution = 0.05357

b T
Determination of concentration of stock solution of PO, : 4An

aliquot of 25 mL of POZ- solution (1 mg Poi'/ mL) 1s taken
in the beaker and 25 ml of concentrated HCl and 18 aL of
sodium molybdate solution are added to it. The solution 1s
heated and quinoline reagent (35 mL) is added slowly with
constanf stirring. The yellow precipitate is digested on
waterbath for 15 min.and then filtered through Whatman filter
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puper No. 41. It 1s wushed with about 10 mL of 1:9 HC1
gsolution and then with distilled water till the washings are
acid free. The precipitate is dissolved in 25 mL of standard
NaOH solution (0.5485 M). The solution and washings are
collected in a volumetric flask and diluted to 250 ml with
distilled water. An aliquot of 25 mL of this diluted solution
ie titrated with standard HCl solution (0.05357 M) using
phenolphthalein indicator (end point as pink to colourless).
This is the reading for back titration.

Blank Titration : An aliquot of 25 mL of NaOH solution (0.5485M) -
1s diluted to 250 mL and 25 mL of this diluted NaOH solution 1s
titrated with standard HCl solution (0.05257 M) using phenol-
phthalein indicator till the end point pink to colourless is

obtuined.

Mean titration readingse:?

Blank titration 3 25.6 mL of 0.05357 M HC1
Back titration $ 13.1 mL of 0.05357 M HC1
.". Difference 3 12.5 mL of 0.05357 M HC1.

1 mL of 0.5M HCl = 1.830 mg of PO3

3-
0

.+ 12.5 nL of 0.05357? M HCl = 2.451 mg of PO,
Thus 25 ulL from diluted solution contains 2.451 mg of POy

'« 950 mL of diluted solution contains 24.517 mg of POZ-.
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The results obtained for different volumes of stock
L

solution of PO. are summerized in Table 3.1.

4
Tuble 2.1 3 Determination of concentration of stock
solution of phosphate
mL of stock (Blank~-Back) Amount of mg 7/ oL of
solution of titration PO°" P02
PO~ reading (mL) 4 4
4 (mg)
25.0 12.5 24.51 0.9804
20.0 10.1 19.77 0.9885
15.0 7.8 15.21 1.0140
Mean 0.8943

or
3e2.2 Estimation of Ca

3.3.2a
Complexometric titrations :

Reagents

Preparation of Mg~EDTA solution i

It is prepared by mixing equal volumes of 0.2 M
solutions of EDTA and Mgso4. The solution is neutralised to
pH 8 to 9, by adding NeOH solution (phenolphthalein should
Just give red colour). The small quantity of above solutlon
is taken, few of drops of buffer solution (pH 10) and few drops
of Eriochrome Black T are added. A violet colour should be
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produced which turns blue on the addition of a drop of EDTA
and red on the addition of a ein:le drop of 0.01 M Mgs0,
solution. This confirms equimolarity of Mg and EDTA. If the
condition 1s not satisfied, 1ittle EDTA or MgS04 solution is
to be added.

or
Stock solution of Ca dons (1 mg /mL) 3 1.25 g of
CaCO; 1# dissolved in water acidified with little concentrated
HCl. The solution 1s diluted to 500 mL with distilled water.

EDTA s=olution (0.01 M approx.) s 37.225 g of Ne,-EDTA
is dissolved in distilled water. The solution is diluted to
10 litre.

Standard zinc sulphate (0.0l M) solution s 0.718 g of
pure Znso4'7H20 is diesolved in distilled water and the
solution is diluted to 250 ml.

Buffer solution (pH 10) s 17.5 g of pure NH,Cl 1s
dissolved in 142 ml of strong ammonia. The solution is diluted

to 250 L.

Erichrome Black T indicator 3 0.5gindicator 1s
dissolved in 100 mL alcohol.
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Procedures :

Standardization of EDTA solution

An aliquot of 25 mL of standard zinc sulphate solution
(0.01 M) [The exact molarity of the solution we used is
0.009918 M ] 1s taken in the titration flask, neutralised with
dilute ammonia and to it~ 5 mL of buffer solution (pH 10) and
6 drops of Eriochrome Black T indicator are added. The
solution is titrated with EDTA solution till the end point

wine red to blue colour is obtained.

23.2 mL of EDTA solution

Mean titration reading

Exact molarity of EDTA = 0.01065
i titrs ith t H

An ;11quot of 5.0 mL of Ca2+ ion solution (3 mg/mL) is
taken in the titration flask and neutralised with dilute
ammonia. To i1t 5 mL of Mg-EDTA solution and 5 mL of buffer
solution (pH 10) are added. The solution is titrated with EDTA

solution using Eriochrome Black T.

Mean titration reading 3

11.3 oL of 0.01065 M EDTA
1 mL of 1M EDTA & 40.08 mg of Ca°

o+
e’e 11l.3 mL of 0.01065 M EDTA = 4.82 mg of Ca
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Thus S mL of stock solution contains 4.82 mg of Ca2'

The results obtained for different volumes of stock

solution of Caz* are sunmarized in Table 3.2.

abl 3. H Determination of concentration of stock
solution of calcium

mL of stock Mean titration Amount of ng / mlL of
solution of reading (mL) cas* caZ*
ca®* (mg)
5.0 11.3 4.82 0.9640
10.0 23.4 9,89 0.9986
15.0 35.9 16.32 l.0212
ann 0.9946

Estimation of calclium by back titration with stapdard zinc
gulphate solution ¢

An aliquot of 5 mlL of caZ* ion solution (1 mg / sl) 1is
taken in the titration flask and neutralised with dilute
ammonia. To it exactly 25 mL of EDTA solution (0.01065 M) and
S mL of buffer solution (pH 10) are added. The excess of EDTA
is back titrated with standard zinc sulphate solutlon
(0.009918 M) using Eriochrome Black T indicator until the end
point, blue to wine red colour, is obtained. Blank titration
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19 carrled out by titrating 25 mlL of EDTA solution with zinc
sulphate solution using Erlochrome Black T indicator. From
the difference in readings (Blank-Back), the amount of

calcium ie calculated.

Mean titration readings :
Blank titration t 26.8 mL of 0.009918 M 2nS04 solution
Back titration : 14.4 mL of 0.009918 M 2ZnSO4 solution
Difference ¢ 12.4 mL of 0.009918 M ZnSO4

solution = 11.6 mL of

EDTA solution (0.01065M)

1 mL of 1 M EDTA 2*

'+ 11.6 mL of 0.01065 M EDTA = 4.9519 mg of Ca°'

40.08 mg of Ca

2r
Thus 5 mL of stock solution contains 4.95 mg of Ca

Reagents :

Aqueous solution of ammonium acetate (7.2 %)

Aqueous solution of ammonium oxalate (1 £)

Aqueous solution of potassium permanganate (approx. 0.1 N)
(3.16 g per litre).

Standard sodium oxalate solution (0.1 N) 3 1.225 g of pure
A.R. grade sodium oxalate 1s dissolved in distllled water and

the solution is diluted to 250 nl.
Sulphurlc acid (2 N).



Procedureg :

Standardization of KMn04 solution

An aliquot of 10 nL of standard sodium oxalete
solution (G.1l N) 1s tuken in the titration flask. After
adding 25 mL of sulphuriec acid (2 N) to it, the solution is
warmed and titrated with potassium permangunate solution
(approx. 0.1 N) until the permanent pink colour is obtained.
From the titration reading exact normality of KMnOg4 is
calculated.

Mean titration reading = 9.9 mL of KMnO, solution
Exact normality of KMnO4 sclution = 0.1010

Estimation of Ca> using KMnOs

To an aliquot of & mL of stock solution of Ca2+
(1 mg/mL), taken in the beaker, 15 mlL of ammonium acetate
solution (7.2 %) 1s added. The solution is heated and 15 mL
of ammonium oxalate solution (1 £) is added to precipitate
calcium oxalate. The precipitate i1s digested for 15 min. ‘
on water bath and then filtered through Whatman filter paper
No. 41. The precipitate is washed with small amount of
distilled water and then dissolved in 25 mL of hot sulphuric
acid solution (2 N). The liberated oxalic acid is titrated with

potassium permanganate solution (0.1010 N) until permanent



faint pink colour 1s obtained.

Mean titration reading = 2.5 ml of 0.1010 X KMnO, solution
1 mL_of 1 N KMnO4_solution = 20.04 mg of CaZ"

-"« 2.5l of 0.1010 X KMnO, solution = 5.0001 mg of Ca2”

Thus 5 mL of stock solutlion contalns 5.06 mg of cas’

3.2.3 Estimation of calcium and phosphate together
Anglveis of synthetic mixture

The synthetic mixture for analysis (40 mL) can be

prepared by mixing known volumes of stock solutions of Cazf

a-
and P04 (each one runging in between 5 to 35 mL).

Method I
timat £ POS .

» From the mixture taken, Poi ions are separuted as
described in article 3.3.1. The precipitate of quinoline
molybdophosphate complex is dissolved in exactly 25 mlL of
sodium ﬁydroxido (0.5 M) solution and the solution is dlluted
to 250 mL. This solution is used for the estimation of P05

&8s described earlier.
Eatimation of Ca” .

The filtrate and washings obtained after removing the
pirecipitate of quinoline molybdophosphate complex are collected
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together. The pH of this solution is adjusted to ~ 10 by
8dding liquor ammonle &nd the solution 1s diluted to 250 mlL
exactly. From an aliquot of 50 ml. from this solution, Cazf
ions muy be estimated by any of the following two methods.
(A) Direct Titration with EDTA end (B) Back Titration with
standard zinc sulphate solution (refer article 3.3.22). From
this emount of Ca°' in 50 mL aliquot , the &mount in 250 mlL
of diluted solution (i.e. in the original volume of synthetic
mixture) is calculated.

Method JI1
W-

From the mixture taken, Caz' ions are seperated as
described in article 3.3.2b. The precipitate of calclum
oxalate is dissolved in ~ 25 mL’of hot HgSO, (2 N) and the
solution is titrated with previously standardized KMnO,4
solution (0.1010 N). From the titration reading the amount
of Caz* in the synthetic mixture is calculated.

Estipstion of PO :

From the filtrate obtained after removing the
precipitate of calcium oxalate, roi' ions are precipitated as
quinoline molybdophosphate complex (as described earlier). The
precipitate is dissolved in 25 mL NaOH solution (0.5 M) &nd the
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solution 1s diluted to 250 mL. Then &liquot of 25 mL of this
solution 1s uged ror estimation of Poi- (refer article 5.2.1).
From this smount of PO, (in 25 mL aliquot), the amount in
250 mL of diluted solution (1.e. in the original volume of

synthetic mixture) 1s calculated.

-
-

o 3
Analysis of the salt contsining Ca and PO;

The exactly weighed amount (about 50 mg) of anhydrous
dibasic c¢slcium phosphate (molecular weight 136.05) is used

for the present analysis.

[The expected amounts of caZ’ and Poi- in it can be calculated
as follows s

CaHPOqy = Ca = POg

136.05 40.08 & 94.97 )
14.73 mg = 34.90 mg |

« e 50 mg
The weighed amount of the salt is dissolved in HCl
solution (1:98) and it is dilluted to ~ 50 mL with distilled

o+ 3-
water. The solution i1s used for estimation of Ca  and P04

by any of the two methods mentioned.

The representative results for analysis of synthetic
mixtures and the salt are given in Table 3.3.
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Table 3.3 + Estimation of Ca° and PO, from the synthetic mixtures and salt

Sazples® Method I Method II =
cac* P043~ ca2* POZ
Method IA Method 1B Titer Calcu~ Titer Calcu- Titer  Calcu-

Titer Calcu~ Titer Calcu- . b lated oL lated  (mp)P lated

oL lated (uL)P  lated amount KMpo. eamount amount

E(:DTAl o amount Zns04 amount HCl 4 HCl

0.010 . 101 .
) (me) (0.00018 (mg) (0-05367 (mg) (0:1010 (mg) (0.08357  (me)
sn%+
Ca®” (4.97mg) 5,3 4.91 2.5 4,97 18.0 35.19 2.4  4.86 17.9  35.10
P°i- (34 .280mg)
SM,,
Ca2* (34.8lmg) 16.4 25,00 17.1 24,06 2.6 5.00 17.1 34.61 2,6 5410
Poi- (4.97 mg)
Salt:CaHPO4
Ca®’ (14.72mg) 7.0  14.84 7.3 14.51 17.9 35,10 7.3 14.77 18.1  35.49
PO (24.90mg)
in 50 mg
galt
Z + The values in the parantheses are expected values
)

Difference between the readings of Blank and Back Titrations.
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3.2.4 [Estimation of Calcjum and Phosphate in Dietary
Supplement Tablets

Disintegration of Tablet 3

After welghing exactly one tablet (if its weight is
~1 g), it is disintegrated in a 250 mL conical flask. [ For
the tablet having welght less than 0.6 g, two teblets are used
instead of one, in order to get the readings in the range
suitable for titrimetric snalysis] . The disintegretion is
carried out using 10 mL of nitric acid (1:1l1), followed by
S mL of concentrated hydrochloric acid (which is used for the
removal of excess of nitric acid, as 1s indicated bty diQ-
appearance of brown fumes). After disintegration, the solution
is cooled, mixed carefully with ~ 50 mlL of distilled water,
warmed and filtered. The filter paper is washed with
distiiled water till it is free from acid. The filtrate &and
the washings are collected together and diluted to 250 mL. An
aliquot of 25 mL of this solution is used for estimation of
calcium and phosphate using any one of the two methods suggested

earlier.

For the drug samples analysed in the present work, the
data given for each arug by the manufacturer is mentioned,
which is followed by our observations and results (refer

"Tables 3.4 to 3.8).
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The detalls for the first triul (out of three triale)
of analysls for drug sample Dy (Cal~D-min) are given as a

Teprezsentative case.

Prug gemple Dy Name 1 Cal-D-min

Name of the manufacturer 3 Xirti Works, Bombay
Contents Each tablet contains 0.5 g dibasic calcium
phosphate (Dicalcium phosphate I.P.)
Vitamin PS USP 200 IU

b I
The amount of Ca2+ and 90; (calculated considering

anhydrous compound) ~

Ca2+ $ 147.30 mg per teblet

q-
POZ 1 349.10 mg per tablet

Average weight of the tablet 3 1.2244 ¢
Welght of the tablet taken for analysis = 1.2298 g

Method I
3-
Estimation of P04

Mean titration readings @
Blank titration 31 25.6 mL of 0.058357 M HCl1
Back . titration: 1 8.1 mL of 0.0585357 M HCl

(Blank-Back) reading = 17.5 nmL.

l mL of 0.5M HC1 & 1.83 mg of POi.

"« 17.5 mL of 0.05557 M HCl = 3.4312 mg of PO}

(in 25 mL of diluted solution)



68

. .  Amount of Poi- in 250 mL diluted solution = 34.31Z mg

(in 25 mL original solution).

e Amount of Poi- in 250 mL original solution = 3423.12 mg
(In 1.2298 g of sample)

«'e. Amount of Poi- in 1.2244 g (averege weight) of tablet
= 341.62 mg.

Estimation of Ca2+

Method JA Direct Titretion with EDTA
Mean Titration reading = 6.8 mlL of 0.01065 M EDTA

o+

loL of 1 M EDTA = 40.08 mg of Ca

‘e 6.8 mL of 0.01065 M EDTA = 2.9025 mg
(1n 50 mL diluted solution)
.*.  Amount of Ca®’ in 250 mL diluted solution = 14.5129 mg
(in 25 oL of original solution)
.« . Amount of Ca2+ in 250 mL original solution = 145.129 nmg

L3

(in 1.2298 g of semple)
o« Amount of Caz* in 1.2244 g (average weight) tablet

= 144.50 mge

Estimation of Ca2+

Method JIB s Back Titration of excess EDTA with standard

gine sulphate sclution,

Blank Titration reading 26.8 mL of 0.009918 M Zns0, solution.

Back Titration reading 19.4 mL of 0.009918 M ZnS04 solution
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(Blunk-Back) reading = 7.4mLdf0.009918 M ZnS04 solution.

Volume of ELTA consumed by Cag* = 6.8 mL

1 oL of 1 M EDTA = 40.08 mg of Cas’

.". 6.8 oL of 0.01065 M EDTA = 2.9357 mg of Ca°'
(in 50 mL of diluted solution)

.*.  Amount of Ca®¥ in 250 mL of diluted solution
= 14.6786 mg (in 25 mL original solution)

.*. Amount of Ca®’ in 250 mL of original solution

= 146.786 mg (in 1.2298 g of sample)

2‘0
Amount of Ca in 3,22044g(aversge weight) of tablet = 146.15 mg.

Method 11

2
Estimation of Ca~ (permanganometry)

Mean Titration reading = 7.1 mL of 0.1010 N KMnO4 solution

1mlof 1M KMnO; = 20.44 mg of Ca'

2+

7.1 mL of 0.1010 N KMno, = 14.3706 mg of Ca
(in 25 oL original solution)

.« . Amount of Ca2+ in £50 nmL original solution = 143.706 mg
(in 1.2298 g of sample)

.. Amount of Caz* in 1.2244 g (average welght) of tablet

= 143.08 mg.

Estimation of ng-

Blank Titration reading = 25.6 mL of 0.05357 M HC1 solution
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3.2 ml of C.052357 M HC1 solution

Back Titration rezding

(Blank-Back) rezding = 17.53 mL of 0.05357 M HC1l solution
1ol of 0.5 M HCl = 1.83 mg of PO

.. 17.8 ml of 0.05357 M HCL = 3.48997 mg of PO
(in 25 mL diluted solution)

.. Amount of POy M 250 uL diluted solution = 34.8997 mg
(in 25 mL of original solution)

. e amount of Poi- in 250 mL of original solution = 348.997 mg
(in 1.2298g0f sample)

'« Amount of Poi- in 1.2244 g (average welgzht) of

tablet = 347.47 mg.

Drug Ssmple Do : Name 3 Ossopan

Name of the manufacturer : TTK Pharma Ltd., 0ld Trunk Road,

) Madras 600 042.

Contents H Each dragee contalns extract of bone of young
animals (0.2 g); Tartrazine coloured; calcium 33 mg,
Phosphorous 15 mg (i.e. 46 mg Poi-). Average welight

of the tablet = 0.5216 g.

Welght of the two tablet tsken for analysis = 1.0922 g

Dru ample D3 s Name : Ostocalclum

Name of the manufacturer s Glaxo, Bombay
Contents Each tablet contains : Vitamin D3 (Cholecaleci-
ferol IP) 400 IU, Vitamin Byo IP S mg, Vitamin C,
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1P 560 mg, Tridbusic calcium phosphate IP 0.73 g
(equivalent to 125 mg of CaZ')
Colour sunset yellow FCF.
Expected (calculated) amount of Poz- per tzblet = 131img.
Average welght of the tublet = 0.9428 ¢
Welght of the tablet tazken for anulysis = 0-9541 g.

Prug Sample Dy 1 Name : Ossivite
Name of the manufacturer : John Wyth (India) Ltd., Bombay.

Contents H Vitamin A IP (as Palmitate) 2500 1.U., Cholecalci-~
ferol U.S.P. (Vitamin D,) 500 I.W., Dabasic Calcium
phosphate I.P. 150 mg., Calciunm carbonate I.P. 50 mg

{contains Ponceau 4 R and Tartrazine as colorants).

Expected (Calculated) amount of Ca2’ per tablet = 64.214 mg.
Expected (Calculated) amount of POZ- per tablet = 104.72 mg.

Average welght of the tablet = 0.5750g
Welght of the two tablets taken for analysis = 1.1355 g.

Drug Sample Ds & Name Kalzana

Name of the manufacturer : German Remidies Ltd., Bombay 400 092

Contents Each tablet contains ¢ Calcium Dibaslc phosphate
I.P. 430 mg, Cholecalciferol (Vitamin Dq) I.P. 200 I.U.,
Ascorbic acid (Vitamin C) 40 mg, Calcium content 101 mg,

Colour sunset yellow,
- 3- -
Expected (Calculated) amount of PO, per tablet = 257.20 mg



Average welght of the tablet = 0.9888 ¢
The welght of the tablet tuken for analysis = 1.0242 g

3.4  RESULTS AND LISCUSSION

All the results for the estimation of Ca2* and POi-
have been summarized in Table 3.9. They indicate that the
proposed methods are simple, reproducible and accurate within
the 1imits of titrimetric analysis. As the assay of drug
samples is avallable, the reliable evaluation of the students’
performance c¢an be done. The samples used here contain

calcium and phosphate as inorganic ions.

80 far the samples having other additional constituent

inorganic ions, the modifications seem to be necessary.

For complexometric estimation of calcium, direct

titration method seems to be better than back titration method.

The methods are useful to determine Cag* and Poi- from
the same sample. Moreover, they are useful for the students
to lmow about some of the aspects of analytical chemlstry such
as disintegration of the sample, quantitative precipltation
of the desired ion and dissolution of the precipitate followed
by volumetric estimation of the desired ion. The methods are
also useful to gain experience of differant types of volumetric

analysis e.g. acid-base titration (estimation of Poi'J,



Table £.4 : Analysis of Cal-D-min_ (Sample Dy)
Expected amount of Ca?: = 147.30 mgz / tablet
Expected amount of PO = 3849.10 mg / tablet
Observed Mean Deviation 4,2 Standard S tandard Relative
values - = i deviation relative error
x d1'|x - Xil deviation
o Sk %
cac’ 144 .50 0.48
(Method 1a) 142.3¢2 144.02 1.7 14.5845 1.0706 0.7433 2.23
145.23 l.21
ca®’ 146.78 0.26
(Method 1B) 141.93 147.04 5.06 53.9736 3.6733 2.498 0.18
FO3” 341.62 1.07 . s | ea
341.27 342.69 42 9.4113 2. 2.7 .
(Method 1) 545.19 .50
cast 143.08 0.14
142.29 0.07
PO 347.47 0,09
(Method I1) 352.43 347.56 4.87 46.48 4.82 2.45 0.44
c42.78 4.77
deviation d1 =X - Xy where X = mean of observed values and x1 = observed value

standard deviation ¢ = ,/fd12 /(N-1)

standard relative loeviation -:'H =

where N= number of observations

/X x 100

Relative % error =[Expected value - Mean of observed values (X) /{Expected value)] x 100



Table 2.5 Analysis of Ossopan (Sample Dp)

Expected amount of ca” 33.00 mz / tablet

el

Expected amount of PO, = 46.00 mg / tabdlet

Observed Mean Deviation idiz Standard Standard Thelative
values - 4. =lx - deviation relative error
x i lx *1 deviation
« SR g
cet 34.65 0.76
(Method IA) 21.956 33.89 1.84 5.7326 1.693 4.99 2.70
25.07 1.18
caZ’ 31.60 0.68
(Method 1B) 32.40 32.28 c.12 0.7793 0.6242 1.8C .18
32.8C 0.55
poi- 44.94
46,62 45.87 1.45% 0.852%¢ l.26 C.28
(Method 1) 46.03
ca™" A 8 4.44 1.49 2 0.29
'le h d 31!3 32. 7 a 0 . "&o\:‘:‘ o W
(Method 11) 5456
POE” 45.88
4 47 .52 45.98 4.426 1.487 Sec4d O.0a
(Method I1) 44,55




Analysis of Ostocalcium (Sample Dga)

Expected amount of Ca2+ =
Expected emount of P03

125 mg/tablet
191.1 mg/tadblet

Observed Mean Deviation d.2 Standarc Stendard Reletive
values 3 = . L4 deviation reletive erraur
in mg. dy -|x xil devistion
Vs Sg <
ca®" 122.23 1.28
(Method IA) 125.25 122.61 1.64 14.4505 1.4900 1.21 1.11
123.2.6 0.25
caZ* 122.74 1.80
(Method IB) 128.18 125.54 2.64 10,2321 £,2380 1.86 0.:3
124.69 0.85
PO, 183.75 1.25
20.88 192.40 1.52 4.1652 1.4450 0.78 0.03
Gtethod 1) 192.58 0.18 )
ca?* 124.01 3.09
(Method 1I) 129.58 127.10 0.61 16.0700 2.8200 2.28 1.68
127.71 £.48
[~
PO, %94.;5 2.56 .
90. 192.16 1.28 9.8204 2,2170 1.15 0.55
(Method I1) 190.88 1.28




Table 3.7 : Analysis of Ossivite (Sample Dy)

Expected amount of Ca2* = 64.21mg / tablet
' Expected amount of POZ" = 104.72 mg / teblet
Observed Mean Deviation £d12 Standard Standard Relative
values x T - deviation relative error
in mg dy= "-’ = xi' deviation
T SR S
ca®’ 62. 69 2.88
(Method IA) 66.52 65.57 0.95 12.99 2.85 Q.88 c.le
67.52 1.95
ca™ 8506 6245 ¥t 12.66 5
60« «SG 244 N 2.52 - 61
(Method IB) 6609 > e 4.03
Poi' 99-59 3.06
106.80 102.35 4.45 al.l¢6 2,945 3.854 £.26
(Method I) 100.95 1.40 < 3
thod I1 60 .7 62.29 1068 10-163 W97 * 2.83
Gie ) 64.95 2,56
POS” 101.27 0.89 |

1C6.06 .89




Table 3.8

3

Analysis of Kalzana (Sample Dg)

Expected amount of Cast = 101.00 mg / tablet

Expected amount of Poi' = 237.36 mg / tablet
Observed Mean Deviation .idiz Standard Standard Relative
values X a =|; -x l deviation relative error
in mg 1 i devistion
g Sk %
cast 105.03 1.87
(Method IA) 97«53 103.16 063 49,2565 4.96 4.81 2.14
106.91 3.75
ca<” 102.97 0.67
method I) 232:25 % . f:gé 10-6194 15027 0-97 1051
ca2t 101.51 0.76
(Method II) 08.44 100.75 2.31 8.285 2.04 - 2.02 0.25
102.29 1.54
—=
vo4 535,82 289 20.048 z.21 1.26 27
(Method I1) 8.2 =N 9- %8 ' < - 0.2




Inble. 3:2 : Analysis® of synthetie sixtures,; salt, and drug samples for eetimation of cs*” and roﬁ'

Sample with expected
results

METHOD I

RETHOD 11

= -
ca?” PO, ca?” Pod
Observed Relative Standard Observed Helative Standard Observed Helative Stundurd Observed HRelative Stendard
amount error devie- asount error devia- aaount error devia- azount arror devis-
tion tion tion tion
relstive relstive Telative Telative
=g ¥ % ag % » ag 5 > =g ]
Synthetic Mixc . -
s"l “-” ng C:?, 14 4.91 =1.21 - ?501’ 1.12 —— 4.98 8-21 - 30-10 0-30 -
and )4.80 s¢ POg ) b 4.97 K1l
SHy (34.61 B¢ Ca™” 1A 35,00  0.85 5400 0.60 — 3.6l 0.87  _ 5.10 2.62 -
nd 4.7 mg POS ) 18 34.06  2.14
Salt CaHOP4 . ‘
(14.73 ng Ca2* and 1A14.94 1.43 _ 38.10 Q.50 - 14.77 0.3 - 35:49 1.66 -
54.90 ng P03” 4n 1814-51°  1.50
50.00 mg salt)
Drug sumples (Dy-Dg)
Dy (147.20 mg Ca2¥ 1a 144.02 2.2  0.7420  42.09 1.84 2,77 143. 22 277 0.085  347.88 0.44 2,45
3.
and 349.10 mg PO 1b 147.04 0.18 2.498
per tablet) -
b, (33.0C og Ca2” 16 33.32 £.70 4,00 45,87 0,28  1.858 32.87 030  4.53 <£.98 .04 2.2¢
and 4G.00 ng po":' 18 2.8 2.8  1.934
per tublet)
Dy (225.90 mg c-g: 1a 222.61  1.112 1.207 182,40 0.6800 0.7801  127.10 1.8 2.2 18206 - 0.55 118
and 190.10 z¢ P04 1B 125,54 0.43  1.Bs2 |
per tablat) .
Dy (G4e2) oy c-E'a IA 65.67 2.1 3.88 102,38 2,260 3.854 G3.32 2.8 3.¢1 102.16 2444 D.45
snd 104.72 ng PO 18 €2.50 2.8% 4-03
per tublet)
D5 (161.00 ng Ca°" 74 202.36 2.14 4.81 23,734  1.6) 0.9716 100,75 0.25 .01 2A6.71 027 1.36
snd 227.36 ag PO3" 1P 102.64 2.61 1.3

per tablet)

® The values are mean of three replicstes

1A
1B

¥ethod of direct titration with EDTA
Hethod of Back titration with zinc sulphate.
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Complexometry (estimation of Cagf), redox titration
(estimation of CazT).

There are two report93’4

of similar type of work,
but both of them involve use of ilon exchange chromatography.
Diet23 has reported a ﬁéshman laboratory experiment -
"The determination of calcium in dietary supplement tablets
by lon exchange", where a cation exchanger is used to retain

Caz+

and equivalent amount of H* ions liberated is estimated
using alkalimetry. In this experiment, however, the tablets
containing calcium lactate are suitable (The limited solubllity
of calcium carbonate and phosphate makes the samples contzining

these compounds unsuitable for the experiment).

A method of estimation of calcium and magnesium in
presence of phosphate in oral rehydration formulation has -been
reported by Barjo4. Here the separation of phosphate 1s dome
by passing aqueous solution of the sample through a column of
anion exchange resin before the complexometric estimation of

calcium and magnesium. (Estimation of phosphate is not reported).

As compared to both these methods the procedures

suggested by us seem to be simpler and less costly.
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chapter

TERMINAT ON_FROM
IRON-SUPPLEMENT TABLETS BY

BEDOX TITRATIONS USING ZINC
DUST AS REPDUCTANT

The sceptical chemist .... draws conclusions
regarding materials ...... chiefly on the busle
of quuntitative chemical unalyels which ..... 1e
the touchstone of all chemicul hypothesis.

-- G.T. Morgan
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CHAPTER 4

DETERMINATION OF IRON FROM TRON~SUPPLEMENT TABLETS BY REDOX

TITRATIONS USING ZINC DUST AS REDUCTANT

4.1 Introduction
4.2 Theoretical background
4.3 Experimental
4.4 Results and Discussion

References

ABSTRACT

A simple group experiment for determination of iron
from haematinic tablets - & familiar consumer product - is
given here for execution in two 3-~h laboratory pericds. Ferric
iong obtained after complete disintegration of the sample, are
reduced with zinc dust in acid solution and the determination
of iron can be done using elther potassium dichromate or
potassium permanganate solution. The experiment introduces the
students to comparative study of both the redox reactions as

well as their abplication to analytical chemistry.
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4.1 TRODUCTIOH

with the increasing awareness about the pollution
problems and environmental safety, it has become necessary
to modify the conventional experlmental procedures. As an

alternative to the conventional Sn-Hg reduction method

(which involves ugse of HgClé), wa have tried the reduction
of ferric ions as per some reported procedures using the
reductants like zinec dustl-s, zinc granules, aluminjum powder,
aluminiun\wire4, aluminium foll, magnesium powder and
magnesium ribbon. Out of these, reduction with zine¢ dust in
presence of sulphurlc acid 1s found to be suitable for complete
reduction of ferric ions within reasonable time. Using this
method, therefore, an experiment has been set up for estimatlon
of iron from iron supplement tablets. These samples contain
iron in different forms such as ferrous fumarate, ferrous
sulphate, ferroglycine sulphate and ferrous calcium citrate
complex. The mathod involves disintegration of tablets,
reduction of ferric lons with zinc dust in presence of sulphuric
acid and finally the titrimetric estimation. It enables the
students to gain experience of redox titrations using
potassium permanganate as well as potagsium dichromate. The
waste solutions obtained can be easily dlsposed off after
removal of metal ions by precipitationsg

The flow-sheet and reactions for the experiment are

given herewith.
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l. HC1 (comnc.)
2. Boll

3. 5n012(10 %)
4. HegCl,( 6 3)

&

Solution containing

Fez*

1. H;S0, ( 3 M)
2. HoPO, (85 %)

2+ Diphenylamine
indicator

4., Titrate with

(0.025 M)
golution

b
Amount of Fe
in the sample

Flow gheet
[ Two tablets (weighed exactly)
X. HNOa (cone.)
2. HgS04(cone.) (Disintegration)
3. Heat
4. Cool and filter
Residue (if any) Flltrate (Separation
Reject. containing Fe<¥ par )
Dilute to known
volume (250 nmL)
Stock solution
) ¥ _ (Estimation)
Method 1 Method II A Method II B
Sn-Hg reduction Zn dust zn dust
(Titer : KCre07) reduction reduction
L (Titer =K20r207) (Titer: KMnOy4J
Aliquot (25 mL) Aliquot (25 mL) Aliquot (25 mL)
2% 2+ 3+
Eleu I!‘e Fe

l. H,S0, (2 M)

o%VY4 o
2., Heat (~70 C)
2. Zn dust

4. HgS0, (3 M)

1. H50, (2M)
2. Beat (~70°C)
3. Zn dust

in the sample

' ] I
Solutlon cvontaining Solution containing
Fez* Fe2+
1. H~-PO, (85 %) ‘Titrate with
2. Diphenylanmi std. 1¥n%e
. pheny ne
indicator (0.025 M)
3. Titrete with solution
std. Kgpr207
(0.025 M)
solution
> -
Amount of Fe Amount of Fe

in the sample
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Eguationg
Disintegration of tablets and Fez* _1-11_123__) Fe3+
Estimation of iron 3 %:Emg%‘L
Organic > Volatile
matter products
Method I : Sn-Hg reduction

ot 4+
2 Fea* + Sn2+ —> 2Fe + Sn (reduction)

Snz* + 2 Hg2+ — ‘Sn4+ + Hg? (elimination of Sn2+)

(excesas)

2 3 3
6F62*+Cr207 +14H* —+6Fe*+20r++7H20

Methed II Zinc dust reduction

HoSO
2 Fea+ + Zn -2—3—1* 2 F02+ + Zn2+ (reduction)
+ v
in + 2§ — 2Zn + Ha(g) (elimination of Zn)

(excess)

Method II A: Titration with chr207

a+ 3+
6F92++Cr203. +14u+-—*6Fe +2Cr +7320

2 Oy~ Ol D 2 OO

~-2(h+e)
Diphenylamine Diphenylbenzidine Diphenylbenzidine

(indicstor) violet
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Method JII B Titration with KMnO,

O - +
10 Fe +2Mn04 + 164 —_— 10Fe3++2Mn2++8H20

(Standardization of KMnOg4:
- +
¢ Na© + CZOE) + 2H —> HL0, *+ o Na't

2 M0, + 5H20204* 6H —3» 2Mn~ + 10 002+8H20)

4.2 THEQORETICAL BACKGROUND

Disintegration_of drug sample

As estimation of lron 1s done by redox titrationms,
removal of organic¢ matter 1s necesgssary. The concentrated
nitric acid is useful for removal of organic matter as well
as for oxidation of ferrous ions to ferric ions. The concen-
trated sulphuric acid i1s useful to remove excess of nitric

acld which otherwise may interfere in the analysis.

Estimation of iron

In the conventlional methodz, reduction of ferric ions
1s done using Sn012 and HCl. The excess of SnCl2 is removed
by adding HgCly solution. In the method suggested here,
reduction of ferric ions is carried out using zinc dust in
presence of sulphuric acid. In this method sufficient amount
of sulphuric acid is to be added to dissolve zinc dust

completely or otherwise the solution is to be filtered to
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remove undissolved zinc dust.

The advantage of this method is that after reduction
of ferric ions the solution can be titrated against potassium
dichromate or also agalnst potassium permanganate solution
(use of Zimmermann-Reinhardt's solutionz is not required).
During the titration with potassium permanganate solution

diphenylamine indicator may be used to get distinct end pointo.

4.3  EXPERIMENTAL

All the reagents and chemicals used are of Analar or
equivalent grade. The procedure 1s set by using standard
solutions prepared from iron salts and then used for the
estimation of iron present in some drugs. (Some of the well-
~known iron-supplement tablets are used for the analysis).
The detailed procedures for the three methods used for the

analysis are given dbelow.

Reagents

Concentrated‘acidé $ nitric acid, sulphuric =zcid,
hydrochloric acid.

Phosphoric acld (85 %),

Zinc dust _
Diphenylamine indicator solution (1 £): The soclution

is prepared in concentrated sulphuric acid.
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Sulphuric acid (3 M) : 84 mL of concentrated sulphuric
acld 1is diluted to 500 mL with distilled water.

SnCly solution (10 ) : 12 g of pure tin metal
(granules) 1s dissolved in 100 mL of hot concentrated hydro-
chloric 2cid and the solution is diluted to 200 mL.

HegCl, (6 % aqueous solution)

Stock solution of Fe(III) : (concentration 1 mg / mL) using
Fe(NH4) (304)2_.12 H-0 2 4.3168_g of ammonium ferric sulphate
(molecular weight 482.19) 1s dissolved in about 200 mL of
distilled water containing ~ 5 mL of 3 M HyS0, sclution and
the solution is diluted to 500 mL with distilled water.

Potassium permanganate selution (~ 0.025 N) 1 About 3.95 g of
potagsium permangznate is dissolved in about 500 mL of distilled
water. The solution is warmed and then filtered. The filtrate

13 diluted to 5 litre with distilled water.

Potassium dichromate solution (~0.0285 N) : 6.1280 g of
potassium @ichromate is dissolved in about 500 mL of distilled
water and solution is diluted to § litre with distilled water.

Standard sodium oxalate solution (0.025 N) : 0.4188 g of
anhydrous sodium oxalate_(molecular welght 134.00) 1s dissolved
in distilled water, the solution is diluted to 250 mL with

distilled water.
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Standard solution of Fe(NH,),(S0,),°¢H 0 (0.025 N) solution :
2.4509 g of ammonium ferrous sulphate (molecular weight = 392.14)
i1s disgsolved in distilled water, the solution is diluted to

250 mlL with distilled water.

Procedures :

Standardization of KMnO4 solution (approx. 0.025 N} ¢ An aliquot
of 10 mL of standard sodium oxalate solution (0.025 N) is taken
in the tit;ation flask. After adding 10 mL of sulphuric acid

(3 M) i1t 1s warmed end titrated-with KMnO, solution until the
permanent pink colour is obtained. From the titration reading

exact normality of KMnO, solution 1s calculated.

Mean titration reading = 10.1 mL of KMnD4 solution.

Thus exact normality of KMnO, solution = 0.02475.

Standardization of X Cr,07 solution (approx. 0.025 N) ¢ An
aliquot of 10 mL of standard ammonium ferrous sulphate (0.025 N)
solution 1s taken in the titration flask, 10 mL of HoS0, (3 M)
solution, 5 mL of H,PO, solution (85 5) and 4 drops of
dirhenylamine indicator are added. The solution is titrated
with K20r207 solution until persistant blue-viclet colour is
observed. From the titration reading exact normality of

KoCrg0n  solution is calculated. Mean titration reading = ©.8 ml

of K20r207 solution. Thus exact normality of K;Crg0p solution

= 0002551l
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Egtimation of Iron from galtsg :

Estimation of Fe from galt No. 1
Ammonium Ferric sulphate Fb(NH4J(SO4)2'12320

(Molecular weight = 482.19)

Method I 3 Reduction uging of snCl, + HC1

Procedure : An aliquot of 25 mL of Fe(III) solution
(concentration 1 mg / mL) is taken in the titration flésk.

To it 3 mL of concentrated HCl solution 1s added and the
solution 1s boiled. To this hot solution is added Sn012
solution (10 %) till the diseppearance of yellow colour. Then
dilute SnCl, solution is added dropwise until faint green

colour is obtalned. The solution is cooled and Hg012 solution
(6 £) 13 added till slight turbidity is obtzined. To this

golution ~ 10 mL of H2804 golution (3 M), 3 mL of HEoPOy
solution (85 ) and 3 drops of diphenylamine indicator are
added. The solution is titrated with standard K20r207 solution
(0.025 N) until persistant blue-violet colour is obtained.

Mean titration reading = 18.6 mL of K Cry0, solution (0.02551 N).

l mLoflN KoCro0 golution = 55.85 mg of Fe

7

.« o 18.6 mL of 0.02551 N K Crgo04 solution = 26.£0 mg of Fe.

2
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Method JII : Reduction with zinc duet

Part A $ Titration with K20r207 golution

Procedure : To the 25 mL of Fe(III) solution (concentration:
1 mg / mL) taken in & conical flask, 10 mL of sulphuric acid

(3 M) is added. It is heated to ~ 70 °C on a hot plate and

~ 0.5 g of zinc dust 1s added. The conical flask 1s covered
with a watch glass. After S miﬁ., S mL of sulprhuric acid (3 M)
is added. The flask ie shaken until all the zinc dust is
consumed and evolutlion of hydrogen has stopped. To this solution
S mL. of sulphuric acid (3 M), 5 mL of phosphoric acid (85 £)
and 3 dropg of diphenylamine indicator are added. The soclution
is titrated with standardized K, Cr,07 solution (0.025 N) until

persistant blue-violet colour is obtalned.

The blank titration may be carried out using which the

necessary correction for the main titration reading can be given.
(As the blank titration reading was found to be less than
0.1 mL, to give such correction was not possible).

Mean titration reading = 18.5 mL of K. CrgO; solution (0.02551 N)

Il oL of 1N KoCrgOs solution = 55.85 mg of Fe
e’ 18.5 ml of 0.02551 N KoCrg009 solution 2 26.36 mz of Fe.
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Method 11 Titration with KMnO, solution

Part B

Procedure : An aliquot of 25 mL of Fe(III) golution is
taken in a conical flaskt The reductlion of ferric ions is
carried out by following procedure as is used for Part A.
Then to this solution, 5§ mL of sulphuric acid (3 M), 5 mL

of phosphoric acid (85 %) are added. The solution is
titrated with standardized XMnO4 solution (0.025 N) until
persistant faint pink colour l1ls obtained. Here dlstinct end
point, blue violet colour, may be obtained by adding diphenyl-

amine indicator Just before the end point?

The blank titration may be carried out using which
the necessary correction for the main titration reading can
be given. (As this reading was found to be negligible

( < 0.1 mL), such correction was not required).

Mean titration reading = 19.1 mL of KMnO, solution (0.02475 N)

1 mbLof 1N KMnO, solution = 55.85 mg of Fe

.« 19.1 nL of 0.02475 N KMnO4 solution = 26.40 mg of Fe

The procedure is repeated for all the methods by taking
different volumes of Fe{(IlIl) solution. Some of the representa-

tive results are given in Table 4.l.



abl 4.

[Salt No. 1]

i Observations and results of estimation of Fe from Fe(NH,)(S0,),"12H0

ml of Method I: Sn-Hg reduction Methed IT : 2Zinc reduction method
soligion e . s
of Fe(Ill) TitersK Cr 0,(0.02551N) TiteT1KLr50,(0.02551 N) TitersKMnO,(0.02475K)
{concentra- Titration Calculated Titration Calculated Titration Calculsted
tion reading amount of reading amount of reading amount of
log Fe/ul Fe Fe - Fe
(nL) (ng) {nlL) {(mg) (mL) (mg)

o8 18.6 26.50 1845 £6.36 19.1 26440

20 14.8 21.08 14 .8 . 21.08 1543 21.156

10 74 10.54

7.3 10.40 742 9495
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Estimation of Fe from salt No. 2

Ammonium ferrous sulphate Feso4(NH4)2SO4'6H20
(Molecular welght. = 392.11)

Procedure 3  After weighing exactly (0.70060 g), the salt
is put into a 250 mL beaker. It 1s then treated with a
mixture prepared by taking 2 ml. of concentrated nitric acid
and 5 ml. of concentrated sulphuric acid (nitric acid oxidises
Fe(II) to Fe(III) 1onsf{ The solution is heated until the brown
fumes due to nitric acid are stopped. After cooling it is
diluted with ~ 50 mL of distilled water and again heated to
dissolve the iron salt. The solution is cooled and diluted
exactly to 250 mL with distilled water. An aliquot of 25 mL
of this solution is used for titrimetric estimation of Fe.
The procedures for estlimation by Method I (Sn-Hg reduction
method), Method II (Zn dust reduction method with.K20r207

as titrant) &and Method IIB (Zn dust reduction method, with
KMnO, as titrant) are already discussed for salt No. 1.

The procedure is rebeated by taking different
quantities of FeSO4(NH,)o5504°6H 0. Some of the representative

results are given in Table 4.2.

Determination of iron from iron-supplement tablets

Using Sn-lig reduction method and zinc reduction method,

estimation of iron from lron-svpplement tablets has been carried



Table 4.2 :

Observationsand results of estimation of Fe from Fe504(NH4)28946320

[salt No. 2]
uantity of Expected Method I: Sn-Hg Method I1 : Zinc reduction
eso (NH,) amount of reduction .
44’2 Fe in A A B
§046H,0 250 L of  Titer s K Cry0q Titers K,Crg0 Titer 3 KMnO,
taken for the (0.02551 N) (0.02651 N (0.02475 N)
analysis ’01ut1°n -
Titer for Fe con~ Titer for Fe con« Titer for . Fe content
25 mlL tent 25 ml tent 25 mL found
aliguot found in aliquot found in aliquot in 250 mlL
250 mL : 250 mL solution
. solution solution
(2) (mg) (mL) (mg) {nl) (ng) (mL) (ng)
0.70060 29.77 7.0 99.73 71 101.16 7.2 99.82
0.52000 74.05 5.2 74.09 5.3 76.51 5.4 74.64
0.25000 49.84 3.4 48 .44 2.8 49,87 3.5 48.38
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out. The experimental procedure involves disintegration of

the tablets, reduction of ferric ions and finally the titri-
metric estimation. Two tablets are disintegrated to get the
readings in the range suitable for titrimetric analysis.

Digintegration of the tabletg3

After weighing exactly, two tablets are disintegrated
carefully in a 250 mL beaker by successive treatments of small
pprtions (S mL and 2 mlL) of concentrated nitric acid till there
is no darkening of the solution (indication of the complete
removal of organic matter). It 1s then treated with a mixture
prepared by taking 2 mL of concentrated nitric acid and S mL
of concentrated sulphuric acid. The solution is heated until
the brown fumes due to nitric acid are stopped. After cooling,
it 1s diluted with ~ 50 mL of distilled water and again heated
to dissolve the iron salt. The solution is cooled, filtered
through Whatman filter paper No. 41 and washed with distilled
water till free from acid. The filtrate and washings are
diluted exactly to 250 mL with dlstilled water. An aliguot of
25 mL of this solution is used for estimation of iron. The
estimation is done by Method I (Sn-Hg reduction), Method ITA

and Method IIB (Zinc dust reduction) as described earlier.

For the drug samples analysed in the present work, the
data given for each drug by the manufacturer is mentioned.

Iron content per tablet is claculated from the composition of
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iron-contalning compound present in the drug. This 3

is followed by our observationsg -and results (refer

Tables 4.3 to 4.8).

The details .for the first trial (out of three trials)
of analysis for drug sample Dy (Dumex) are given as a

representative cage.

Drug sample Dl 3 Name- 3 Dumex
Name of the manufacturer s Pfizer Ltd., Thane

Contents 3 Each tablet con?ains 1 Ferrous fumarate 300 mg,
Thiamine mononitrgte 5 mg, Ascorbic acid 75 mg, Nlacenamide
S0 mg, pyridoxene hydrochloride 1.5 mg, Folic acid IP 0.75 mg,
vit. 312 IP 7.5 mg.

Average weight of the tablet 0.76239 g.

Iron content per tablet = 098.65 mg.

Weight of two tablets taken for analysis = 1.65270 g.

Method I ‘SQ‘Hé reduction method)
Mean titration reading = 15.4mL of KoCrgy0; solution (0.02551 N)

lmbh of 1N K20r207 solution = 55.85 mg of Fe

. o 15.4mL of 0.02551 N K20r207 golution = 21.9409 mg of Fe
Thus 25 mL of diluted solution contains 21.9405 mg of Fe

. . 250 mL of diluted solution contains 219.409 mg of Fe
(in 1.65270 g of sample)

o 0.76239 g (average welght) of tablet contains 101.2l mg

of Fe. )
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is followed by our observationsg -and results (refer

Tables 4.3 to 4.8).

The details for the first trial (out of three trials)
of analysis for drug sample Dl (Dumex) are gilven as a

representative case.

Drug sample Ql : Name- 3 Dumex

Name of the manufactufer H Pfizer Ltd., Thane

Contents 3 [Each tablet coutalns 3 Ferrous fumarate 300 mg,
Thiamine mononitrate S5 mg, Ascorble acld 75 mg, Niacenamide
50 mg, pyridoxene hydrochloride 1.5 mg, Folic acid IP 0.75 mg,
vit. Bl2 IP 7.5 mg.

Average welght of the tablet 0.76239 g.

98.65 mg e«

Iron content per tablet

Weight of two tablets taken for analysis = 1l.65270 g.

Method I 1 (Sn-Hg reduction method)

Mean titration reading = 15.4ml of KoCry0, solution (0.02551 N)

lml of 1N K20r207 solution = 55.85 mg of Fe

+ "«  15.4mLof0.02551 N K, Crg0; solution = 21.9409 mg of Fe

2
Thus 25 mL of diluted solution contains 21.9405 mg of Fe

* . 250 mL of diluted solution contains 219.409 mg of Fe
(in 1.65270 g of sample)

o 0.76239 g (average welght) of tablet contains 10l.Z1 mg

of Fa. ’
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Method 1 : Reduction with zinc dust

Method JIA 3 Titration with K20r207 solution

Mean titration reading = 14.6 mL of K2Cr207 solution
(0.02551 N).
lolh of I N K20r207 golution = 55.85 mg of Fe.

P 14.6 mL of 0.02551 N K2Cr207 solution = 20.8011 mg of Fe.

Thus 25 mL of diluted solution contains 20.8011 mg of Fe

ee 250 mlL of diluted solution (1.65270 g of sample) contains
208,011 mg of Fe

.. 0.76239 g (average welght) of tablet contains 95.96 mg
of Fe.

Method IIB : Titration with KMnO, golution

Mean titration reading = 15.6 mL of KMnO, solutlon (0.02475 N).

1l mlL of 1N KMnO, solution = 55.85 mg of Fe.

."-  15.6 ml of 0.02475 N KMnO, solution = 21.5634 mg of Fe.

Thus 25 mL of diluted solution contains 21.5634 mg of Fe.

°« = 250 mL of diluted solution contains 215.634 mg of Fe
(in 1.65270g -of sample).

. 0.76239 g (average welght) of tablet contains 99.47 mg
of Fe.

Drug Sample D2 H Name Macrofolin

Name of the manufacturer t Glaxo, Bombay
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Contents : Each tablet contains 3 Folic acid 750 mg,
Vitamin Bys 7.2 mg, Ferrous Fumarate 200 mg.

Average welght of the tablet = 0.41010 g
Iron content per tablet = 65.76 mg

Drug Sample Dy $ Name ‘s Fefol

Name of the manufacturer Eskayef Ltd., Bangalore

Contents H Each tablet contains : Dried Ferrous

sulphate JP : 150-mg, Folic acid IP 0.5 mg colour : Amarnath.

Average welght of the tablet 0.47466 ¢

Iron content per tablet = 55.17 nmg

Drug $ample D, ¢ Name 3  Fessovite

Name of the manufacturer Eskayef Ltd., Bangalore

Contents H Each capsule contains Dried_ ferrous sulphate
IP 150 mg, Ascorbic acid IP 50 mg, Biboflavine IP 2 mg,
Thiaminemononitrate IP .2 mg, Nicotinamide IP 15 mg,
Pyridoxine hydrochloride IP 1 mg, Pantonthonic acid 2.5 mg.

Average welght of the tablet = (0.47836 ¢
Iron content per tablet = 55.17 mg
ru ample D ¢ Name Zenfer

Name of the manufacturer Noel Chemicals, Bombay
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Contents Each capsule containg Ferroglycine sulphate
equivalent to elemental iron : 50 mg, Vitamin By, IP

10 mecg., Folic acid IP 1 mg, Caleium levulinate USP 75 mg,
Zinc sulphate IP 5 mge.

Average welght of the capsule = 0.49989 g

Iron content per capsule = 50.0mg.

Prug Sample D6 H Name 3 Raricap HT

Name of the manufacturer- 3 KR Jet Pharmaceuticals Ltd., Bombay.

Contents 3  Bach tablet contains ¢ Ferrous calclum citrate
complex 500 mg equivalent to Iron 25 mg and calcium 85 mg,
Vitamin 32 IP 2 mg, Vitamin BG IP 1 mg, V;tamin C IP 35 mg,
Vitamin By IP 1 mcg, Follc acid IP 0.3 mg.

Average welight of the tablet = 1.05185 g
Iron content of the tablet = 250img.

4.4 RESULTS AND DISCUSSION

The results obtained for the amount of lron per tablet
using zinc dust reduction method (refer Table 4.9) seem to be
in good agreement with the iron content as mentioned on the
manufacturer's label and also with those obtalned using
conventional method 1.e. SnrHg reductlon method. The method

has advantages like simple experimental procedure and use of



Tzble 4.3

Analysis of Dumex (Sample D
Expected amount of Fe= 98.6

J
% ng/tablet

Dy Welght of Titer Fe Mean Devietion Standard Standard Relative

(Dumex) two tablets reading - content deviation relative error
tzken for per deviation
analysis tablet SR
g mL mg x ds=| x=x| a % s
il 1.65270  15.4  1lol.zl 0.60
;iiuctionJ 1.70200 l6.4 104.2 100.61 3.63 3.9640 3.24 1.8
er; _

K20r207 l1.€66722 14,8 96.28 4.23

(0.02551N)
Hehod A 1.65270  14.6 95.96 1.45
ti
ngg,’. , 1.70900 15.1 95.97  97.41 1.44 2.4970 2.56 1.26
KeCro0q 1.66792 15.4 100.29 2.86

(0.02551NM)
Metheod 11B 1.6 . .

(Zn reduc- 5270 15.6 99.47 1.09

tion) 1.70900 16.4 101.13 100.58 Q.57 0.6697 0.67 l1.24
Titer :

(0.02475N)

Contdess



Table

4,3 (contd.)

Deviation dj = Mean value - observed value = l X - xil
$4,2
Expected value - Mean of observed values (X)

where N = number of observations.

Standard deviation

Relative % error

X 100
Expected value

where expected value 1s Fe content per tablet
accordinz to Manufacturer's Label

Standard relative Standard deviation (¢)
deviation Sr

— 100
Mean (x)



Iable 4.4 : Analysis of Microfolln (Sample D)
Expected amount of e = 65.76 mggtablet

Do Welght of Titer Fe Mean Deviation Standard Standard Relative
(Macrofolin) two tablets reading content deviation relative error
taken for per deviation
analysis tablet Sy
g mL, mg X d f|x -x| s % %
l%gthcnid 1 0.80195 9.8 71.40 3.13
n=ng
rgguction) 0.83000 9.5 66.88 68.27 1.29 2.7160 2.72 3.82
Titer = -
(0.02551N)
Method IIA 0.80195 9.7 70.67 2.41
(Zn reduc-
tion) 0.83000 9.7 68.28 68.26 0.02 2.42 3.55 3.80
Titer :
K20r207 0.8343§ 9.4 €5.83 2.43
{0.02551N)
Method I1B 0.801985 10.0 70.69 2.85
éir;n;'educ- 0.83000 9.6 65.57 67 .84 2.27 2.61 3.85 3.16
Titer : 0.83425 9.9 67.26 0.58
KNn04

(0.02475N)




Table 4,5 : Analysis of Fefol (Sample Dj)

Sxpected amount of Fe = 55.17 mg/tablet

Dq Weight of Titer Fe Mean Deviation Standard Standard Relative
(Fefol) two tablets reading c¢ontent deviation relative error
taken for per deviation
analysis tablet SR
g . mL mg x  dg=|xx| S g %

Method I 0.92610 7.4 53.46 0.26
(sn-Hg
reduction) 0.24180 7.6 54 .57 53472 0.85 0.75 1.40 2.62
Titer
K20r207 0.92900 7.3 63.14 0.58
(0,02551N) ‘
Method 1IIA 0.93610 Te7 55.63 2.16
(Zn reduc-
tion) 0.94180 7.3 = 52.42 53 .47 1.05 1.86 5.48 3.08
Titer s
{0.C2551N)
Method 1IB 0.92610 7.8 54.67 0.57
(Zn reduc-
gign) 0.94180 8.0 65.73 55.24 0.49 0.53 0.96 0.13

er
KHno, 0.92900 7.6 65.32 0.08

(0.02475N)




. { 0.024751)

Zable 4.6 ¢ Analysis of Fessovite (Sample D,)
Expected amount of Fe = 56,17 mg/tablet
Dy Weizht of - Titer Fe Mean  Deviation Standard Stenderd Relative
(Fessovite) two tablets reading content deviation relative error
taken for per deviation
analysis tablet S
g mL mg X d1=|x-x[ g § 4
'%tnod 1 0.96135 7.8 55.30 0.31
n-Heg
gzguction) 0.95672 7 4 852.72 54.99 2.27 2.14 3.89 0.33
er s
KoCr o0, 0.95720 8.0 56.96 1.97
(0.02551N)
Method 1IA 0.96135 7?7 54.59 0.07
(Zn Treduc-~
;i:n) 0.95672 72 52.00 54.52 2.52 2.48 4.55 1.18
ar &
KoCT 0, 0.95720 8.0 56.96 2.44
(0.02551M)
Method IIB - 0496135 8.6 £§9.15 2.59
(Zn reduc-
;ign) 0.95672 8.2 56.67 56.56 0.11 2.64 4,67 2.52
or =
KMnO, 0.95720 7.8 53.88 2.68




Iable 4.7 : Analysis of Zenfer (Sample D)
Expected amount of Fe = 50.00 ug/tablet

Dg VWeight of Titer Fe Mean Deviation Standerd Standerd Relative
(Zenfey) two tablets reading content deviation relative error
taken for per deviation
analysis tablet SB
g mL mg x a4=|x-x| g % g
Method I 1.00780 7.0  49.47 0.76
(Sn-Hg
giguction) 1.00569 7.2 50.99 50.28 0.76 0.76 1.51 0.46
er :
(0.0265L1) ,
Method IIA 1.00780 7.0 49.47 0.28
(Zn reduc-
;ign) 1.00569 6.9 48.86 49.75 0.89 1.06 2.13 0.50
er :
K Cre, 1.00674 7.2 £0.93 1.18
(0.02551N)
Method IIB 1.00780 7.2 49.37 0.74
(Zn reduc-~
tion) 1.00569 73 50.16 50.11 0.05 0.71 0.22 l.42
Titer
mn°4 1 00674 74 80 079 Qe 68

(0.02475N)




Isble 4.8 ; Analysis of Raricap (Sample D)
Expected amount of Fe = 25.00 mg/tablet
Dg Weight of Titer Fe “Mean Deviation Standard Standard Relatlve
(Raricap) two tablets reading content deviation relative error
taken for per deviation
analysis tablet SR
g ok mg x dflx = xl o % ¢
Hethod I 2.13912 3.5 24.53 1.09
(Sn-Hg _
gi%uction) 2.18810 349 26.71 25.62 1.09 1.09 4.25 2.48
er
KoCr o0 2.16360 3.7 25463 0.01
(0,0255111)
Method IIA 2.12912 3.5 24.53 1.1
(Zn reduc-
‘;.}.gn) 2.18810 3.8 26.03 25.63 0.40 0.96 375 2452
er s
Kgprgo 2.16360 3.8 26.32 0.69
(¢.02551)
(Zn reduc-
tion) 2.18810 4.0 26.58 25.76 0.82 Q.86 3.34 2.04
Titer
KMn04 2.16360 37 24 .86 0.90

(0,02478N)




Table 4.9

Estimation of iron” from iron supplement tablets

Digg sample Method I : Sn-Hg reduction Method II Zn dust redugtion

vith Fe ‘

content per Titer : K.Cr.0 Titer : K£r, 0 Titer ¢ KMno

tablet 2T207 £reh 4

(indicated Fe Relative Standard Fe Rela- Standard Fe Rela- Standard

on label) content error deviation content tive deviation content tive deviation

found (Relative) found error (Relative) found error (Gelative)

mg mg «) %) mg mg «) mg (%) (%)

D, (98.65) 100.61 1.8 3.94 97.41 1l.26  2.56 100.66  1l.94 0.67

D2 (65.76) 68.27 3.82 2.72 " 68.26 3.80 3.55 67.84 3.16 3.85

D3 (55.17) 63.72 2.63 1.40 63.47 3.08 3.48 556.24 0.13 0.96

D4 (55.17) £§4.99 0.33 3.89 64.52 1.18 4.55 56.566 2.52 4,67

DG (25.00) 25.62 2.48 4.25 25,63 2.52 3.75 25.76 3.04 3.34

* The values are mean of three replicates.
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dilute titer solutions.

The conventional method (Sn-Hg method) involves the
uge of HgClg (which is not desirable due to pollution problem).
It requires critical addition of reagents viz. SnCly and HgCly,
which otherwise may lead to error in analysis. In the method
suggested here (zinc-dust method), as the reduction of ferric
ions 1s carried out by using zinc dust in presence of sulphuric
acid (instead of hydrochloric acidl), the method 1s applicable
for the use of potagssium dichromate as well as potassium
permanganate (witpout using Zimmermann-Reinhardt's solutiong).
Thus, the zinc dust method seems to be better than the
conventional method. For the samples used, the interference of
of other metal ions (present in them) 1s found to he negligible.
The experimentallresults show that the accuracy and precision

are falr.



23

REFERENCES

1.

2e

3.

4.

Oe

Kaufman, S. and De Voe, H.,

J. Chem. Fduc., 65, 183 (1988).

Vogel, A.I., "A Text Book of Quantitative Inorganic
Analysis", 3rd ed., ELBS and Longman, London, 1969,
p. 278, 287, 292 and 293.

Garrett, D.C., "The Quantitative Analysis of Drugs",
3rd ed., Chapman and Hall, London and Toppan, Tokyo,
1964, P. 350 and 852.

Hatch, R.C., "Experimental Chemistry®, Van Nostrand
Reinhold, New York, 1972, P. 263.

Walton, W.As, J. Chem. Educ., 64, A 69 (1987).



chapter

PAPER MODELS OF SOME SPECIES
CONTAINING OCTAHEDRAL BASIC

UNITS

Indeed, to be useful, & model must be wrong in
- else it would be the thing itself.

gonrie resrects
- with the help of u texzcher =

The trick is to see

where it's right.
- H.A. Bent
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ABSTRACT

The methods described here, for the construction of
octshedra without faces are very useful to get the paper models
of octahedral complexes as well as of specles having octahedral °
basic units. The methods are simple and qulick. The models
obtalned are lnexpensive, sturdy and portable. By xeroxing
standard plans given here, on papers of different colours,
various octahedral basic units can be obtained. Using shades
of contrast colours we can show different atoms and bonds. We
can also indicate on the models the bond angles, bond length,
symbols etc. With the help of such units, we can construct the
models that are useful for teaching structural laorganic

chemlstry.
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5.1 JINTRODUCTION

In teaching structural inorganic chemistry, especially
for specles such as metal complexes, polyanions etc., the
models are very much useful. There are some earlier reports
about the preparation of models. The models can be prepared
using wooden cocktail picksl, plastic hair pinsz, drinking
straws or cotton swabs ’>. But these models are expensive
and rather difficult to prepare. The paper models, hoyever,

are better in this respect.

A paper model showing the shape of an octahedron, a
Platonic solid form, can be bullt from a plece of card paper

6,7

as per the master plan given s from a sealed empty

envelop98’9 or from a constant-width continuous strip of
Paperlo’ll. A model of twin octahedra having a common line
(edge)l2 or a long chain of such octahedralo can &lso be
built from the paper. There is an earlier report about the
use of a model of an octahedron without faces for teaching

13
stereoisomerism in coordinatlion compounds™ .

Here are given two modified simple methods of cons-
tructing models of octahedra without faces. These models,
with some additions in the procedure, can show the exact

placement of metal atoms, ligating centres and bonds.
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Using first method, we can get twin octahedra without
faces (each with edge of § cm) and a common line, from a
gquarlsh card paper (with edge of 20 cm). Using this method
one can get either.two single octahedra (by cutting along the
common line) or a chain of octahedra having common edges (by
Joining such units using their proper sides). The three
dimensional models for spec1e§ containing chainsl4 and layersls
of octahedra can also be constructed by Joining properly the
units of twin octahedra.

In the second method, a master plan is slightly
modified to get an octahedron without faces (edge of 10 cm)
from a card paper of size 40 cm x 20 cm. This octahedron
looks as if having made up of six octahearal units. Using
such octahedra, we caﬁ construct the models of polyoxyanions

more easily.

The detalled procedures for preparing some
representative models as well as the photographs of these

models are given (Refer plates 5.1 to 5.10).

5.2  PREPARATION_ OF TWIN OCTAHEDRA

For the model of twin octahedra without faces and

having a common line, refer Figure 5.1 and Plate 5.1(a).
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(1) The sgquare, ABCD, having side of 20.0 cm is cut from a
card paper. It 1s folded forward lengthwise and diagonalwise
toget distinet lines. EF, GH, AC and BD as well zs the
centre 1. It 1s folded forward along the lines EG, GF, FH

and EH. The four polnts obtained due to intersection of the

dlagonals and thege folds form a square A'B*c*D*. Then it

1s folded backward such that the folds 4,D; and Blcl are
obtained after folding AD and BC to be overlaid by EF.
Similarly folds AoBo and-C2D2 are obtained. Finally the
paper is folded along A1A2, Ble, 01C2’ D1D2, Alcz, AECl,
BlD2 and anl. The additional points of intersection which
are formed - outside A'B'C*D" are marked as J, 315 Jgs Ky Ky s
Kgs Ly Ly, Loy M, My, My and those obtained inside A*B*C™D*

are marked as E*, F*, G*, H*, XN, 0, P and g.

(2) The areas which will be overlaid by the near-by areas are
shaded by oblique lines. They are the triangles - AA;J, Ei;Jq,
EB)K1» BByK, CCyL, FC L,, FD;M) and DDjM 2s well as the
squares - HIH"™My, INH'Q, 10G*P and GLQG*Kz.

(3) The standard plan i.e. ABCD square is cut on the lines -
n *

AJ, BK’ CL, DM, EJl’ EI(l,GKg, GL2, FLl’ ml, HMZ, HJ2, EE 9 FF H

NP, 0Q and G'H® which are indicated in Figure 5.1(a) by

dotted lines.
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(4) The square 1s now folded carefully as instructed below
and the overlaid parts are fixed immediately using a suitable
fixing device (A stapler or cellophane tape is recommended for
getting a permanent model or the use of paper clips for
building a temporary model). In the notations given below the
overlaying portlon is mentioned first. It 1s followed by the
bracket having the name of the portion which will be overlaid

(shown in Figure 5.1(a) by oblique lines) -

® *
AA,J(AR)J), ERJ,(EAJy), EE K, (EBK,), BBgK(BBiK),
: - .
GB_K, (GG K,) s GCoLly, (GG Ly), CCL(CC,L), FFfLI(FclLIJ,
FF'Ml(FDlHl) » DDM (DD M), HDaMz(HH"Mz), quJz(HH"Jz),
NE*I(NH'I), OE*I(0G"I), PF'I(PG'I) and QF'I(QH'I).

After fixing such forms we get two twin square
pyramids having A‘, B‘, C* and D* ag their apices and I as
the corner shared'by all of them.. Bach pyramid has two near-by
edges at 1ts base which are shared with its neighbouring
pyramids. Folding along E*F' brings together the backsldes of
the rectangles E ADF  and E'BCF (refer figure 5.1(b) and (c))
to superimpose over each other, where they can be fixed to get

the desired model.

5.3 MODEL SHOWING ATOMS AND BONDS

For preparation of such model refer Figure 5.2(a) and

Plate 5.1(b).



Figure 5.2 1 (a) 3tandard plan for paper model
of “win octahedra showing
atons and borndce

\b) Standard pian for a circle
() givine semicirenlar segments
which Iindiz-%¢ ligards
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(1) A 20.0 cm square showing all the points is prepared
ag descrlbed in article 5.2.

(2) Taking points J, J1s JI55 Ky Kys K55 Ly Ly Lys My Mys My
Ny Oy P and Q as the centres, clrcles having diameter of 2.6 cm
are drawn. Taking the remalning pointé ag the centreg, the
circles having dlameter of 2.0 cm are drawn. The circlesof
246 ¢cm and 2.0 cm dlameters represent metal atoms and ligating
atoms respectively (The diameters selected do not show the
Telative slzes of these atoms but just differentiate them).
They are shown in the figure by dotted regions and obligue
lines. They can be shown by two different colours. The 0.8 cm
thick axes Joining the circles (shown by dark shading in the
figure) represent metal-ligand bonds. They can be shown by
thirad coiour.

The cutting, foldinz and Joining of the square ABCD
is done as indlcated in steps (3) and (4) of article 5.2. It
can give finally the twin octahedra indlcating the bilnuclear
metal complex with two bridging ligands.

S.4 MODELS OF SOME SIMPLE SPECIES

Using the method given in article 5.3, the models of
simple octahedral specles can be prepared. The metal atoms
and ligating atoms can be distinguished by pasting the circles
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of coloured tinted papers with different shades instead of
painting.

In case of chelates, the chelating groups can be shown
with the help of semiclircular segments of coloured card papers.
These semiclircular segments can be prepared from an annular
card paper ring (refer Figure 5.2(b)) with outer and inner
diameters of 10 and 8 cm respectively. The ring should have
& central segment of 2 cm thickness passling through its centre
and along its diameter. The ring is cut into two halves along
1tg diameter AB to get two segments. Such segments are fixed

in the slots prepared along the proper edges of an octahedren.

Thus we can prepare the models of simple complexes
and of metal chelates (containing bi, tri, ..... hexadentate
ligands). We have prepared models of some of the species
involved in reactions given in earlier chapters, e.g. models
of bls and tris metallo-oxalates (Chapter 2) and metal-EDTA
complex ion (Chapter 2 and 3) (Refer Plate 5.2 and 5.3).

5.5 MODELS OF SOME POLYANTIONS

With some addition in the procedure given in article
5.3 for preparing models of octahedra without faces, we can
construct the models of polyanions containing octahedral basic
units. Such models are very much useful to understand the

complex structure of these polyanions. There is an earller



Plate 5.1 : Paper models of (a) twin octahedra without
faces and with a common edge; (b) dimeric structure of
solid NpClg

Plate 5.2 & Models of octahedral chelates as

(a)[MIIII_ (0204)2] «2H,0 species
I
(b)[M (0204)3 ] species



Plate 5.3 : Model of Metal - EDTA complex

ion

Sw
.4 § Model of [Nbsolgj

Plate 5
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report15 about the preparation of paper models of poly-~
oxyanions containing'noe basic units. However, models prepared
by the reported method, seem to be less sturdy and hence cannot
be handled easily. Also these octahedral units are with faces.
Therefore, it 1s difficult to show clearly all the atoms and

bonds.

We have prepared the models of some of the polyanions
in which there are six, seven, eight and tem octahedral MOg
units. As the octahedral units are without faces, we can show
all the atoms, bonds, bondangles, bond lengths, symbols etc.
easily. In such polyanlons oxygen atoms differ from each other
&s some of them are shared between varying number of octahedral
units while some of them are unshared. In Table 5.1 some of
the polyanions with their different types of octahedral units-

and different types of oxygen atoms are mentionedls-

To differentiate the various types of octahedral units
the card papers of different colours are used. To show oxygen
and the metal atoms in each unit the circles of proper sige

cut out from tinted papers of different shades are used.

The octahedral units are properly attached using
stapler and / or cellophane tape. For keeping the units in
sturdy position use of small squarish pieces (edge 3 cm) 1s
done. Each plece is inserted to half of its arez intec the



1bl S.1 3 Structural Features in the Union of uob Octahedra
in polyanions
§r. Folyanion No.of Oxygen astom sharing scheme for each gé;;:r
No. and formula (Qctahedra set of Octahedra
::teggh Number Number of corners shared by
sizilerly °f
pogitionid unshared two three four five six
Octahedra CoTners
1. Hexaniobate Py
ion, 6 l 4 0 (4} (o} 1l 5.4
8- - .
(bg0y9J
P
2. Hepta- 1l o - 2
molybdate . i
ion, 6 2¢ 2 3 ¢ 1 o o 5.5
(Ho;02,) 4*** 5 2 1 1 o o
3.  oOcta- 2* 1 1 2 5.6
lybd . .
n(’r‘;oyo "32- 2** 2 0 0 l 0
8726 Py
4 2 1 2 o 1 0
4. Lecavunadate 5" 1 2 2 0 1
ion 6- e .
‘Vzo°2a’ 4 1l 4 0 0 c 1l 5.7 °
* .
2‘ * 0 -2 . 2 0 0 2

The octahedra belonging to each set of similarly positioned
octahedra in each type of polyanion are made of coloured papers like
yellow ( * ), blue ( **) and pink (**¥).

For showing the oxygen atoms (occupying the corners of octahedral
unitsy) in the polyoxyanions the colour-code used is as follows: The
unshered corners are shown blue while the corvers shared by two, three,
four, five und $ix octahédra are shown by green, pink, orange, violet
and brown colours respectively..

The metsal ion M in each octahedral unit is indicated by deep red

colour.
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slots prepared along those edges of two octazhedral units

which are to be Joined and then cellophane tape is fixegd.

This procedure 13 similar to that used for preparing polyanions
containing tetrahedral basic units'®. With the help of these
models 1t 1s easy to vigualise the arrangement of different
octahedral units, metal atoms and oxygen atoms in complicated

structure of polyanions (Refer Plate 5.4 to 5.7).

Using similar procedure we have prepared the model
for Keggin's structureaq?uolzo4q] 3= (Refer FPlate 5.8) i.e.
of molybdophosphate ion (as it 13 involved in the estimation
of POZZ the experiment given in Chapter 3). The model is
prepared by Jolning four sets (each containing three octahedral
M006 units) of octahedra to four corners of a regular tetra-
hedron (which represents Poi- ion). The tetrahedral 902'

unit is prepared from blue card paper as per the steps17 given

in Fflgure 5.3. The phosphorus atom at its centre is shown by

golden yellow colour.

5.6 MODEL_OF AN OCTAHEDRON SHOWING SIX OCTAHEDRAL UNITS

Another method used to get an octahedron without faces
has slightly modified master plan (Flg. 5.4). The plan is
xeroxed on 40 cm x 20 cm card paper. By folding the paper as
mentioned in the first method, we can get an octshedron, made

up of six small octahedral units which can be distinguished



(b)

(a)

(D*) —up
ABsBC = CD = 1Qem
AM : 8em
A'M 1 1.3cem
AA" H 1.03”‘

Fipure 5.3
Construction oftemplare for
cut-ocut {a), (b)/(b*) and unit
after foldine the cut.out {c) tc
get one-fourth part of the

tetrahedral paper model without faces

L]
(b)) t eut-out showine atoms
and bonds

©




4-
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Plate 5.8 & Model of Keggin's s
molybdophosphate ion [PH012040]
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from each other by painting them with different colours
(Refer Plate 5.9).

Thies method 13 convenlient than the first method for
the preparation of model of a specles containinz six octa-
hedrzl units. For the models of the species containing less
than six octahedral units, some small octzhedrzl unlts are to
be cut from octazhedron prepared here. For the models of the
gpecies containing more than six octahedral units, additional
small octahedrai units are to be attached properly to the
octahedron prepared. Some representative structures such as

3-

6—
' ; c ,
(Vloozs) and Anderson's structure of (Telog0,,) ar< g.ien

24
in Plate 5.10(a) and 5.10(b) respectively. For the model

of (V0055 )6- three different types of octahedral units
are ghown by white, orange and blue colours. For the model
of (TeMogOzg ) ° s the six MoOg octahedra are arranged in a
hexagonal ennulus. The Tesulting cavity 1s found to be Just
large enough to accomodate an octahedron corresponding

with that of the hetercatom (Te). $ix MoOg octzhedra are
vhite (with molybdenum atoms shown by red colour) while thé
central octahedron ies yellow with the tellurium atom shown

by violet colour.

5.7 CONCLUSIVE REMARKS

The proposed methods for preparation of paper models



Plate 5.9 : Models of [Nbsolg]s- as (a) octahedron
having six [nw6] units; and (b) octahedron containing
octahedral arrangement of six Hbs ions along with
basic [Nb%]unit (at the extreme lower left hand corner)

6- and

Plate 5.10 : Models of (a) [ 10 23]
(b) Anderson's structure of [!ellosoa 4]
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are simple and quick. The models are sturdy and inexpensive
(The cost for each model may be ~ Rgs. 3-5). The models of
simple octahedral species are detachable and they can be
unfolded to the sﬁuarish sheets (if necesgsary). Thus, they
are portable and can be easily handled. A4s the models of
octahedra are without faces, using coloured papers of
different shades we can show metal atoms, ligating atoms,
bonde, bond angles, bond length, lone pairs of electrons

(if any) and sharing of particular atoms between different

octahedral units.

Using these methogs we can construct the models of
simple octahedral complexes CMLG) and chelates (iike metallo-
-cxaletesy M-EDTA complei). These types of models are useful
to teach coordination chemistry (to explain structure of the

complexes as well as geometrical and optical isomerism).

We can prepare the models of the specles with complex
structure e.g. NbClg solid, [Re(CO) 41] o (dimer with
halogen bridges);[:Ti(OCQHsJ4] 4 Solid, FBE(COJQ, Co(acac)2
(tetramer)lsi Nbl, solid (chain with metal-metal inter-

actions); and ZrCl, solid (zigzag chain of ZrClg octahedra).

Also we can bulld three dimensional models of

- 6~ -
polyanlons such as [Nb6°1§]8 ’ [Mo7024] ’ [Moaozé] .
In such polyunions ligating atoms which vary from each other
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depending upon their extent of sharing between octahedral
units can be easily distinguished.

In the proposed plan which shows atoms and bonds,
suitable modifications can be done to prepare the models of
molecules having octehedrel geometry and containing lone
pairs of electrons e.g. The models of xenon fluorides like
XeF4 (pseudostructure : octahedral with two lone pairs in
trans position) and XeFg (pseudostructure s y —octahedrsl or
capped octahedral with one lone pair). These modifications
are based on the procedure that is used for showing tetrzhedral

placement of ligands with reference to cuble geometrylg-
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ABSTRACT:

“An experiment involving estimation of calcium and phasphate, is suggested which
enables the student to gain experience in three different types of standard titrimetsic
estimations, namely, neutralization method (alkalimetry), redox method (permanganome-
try) and complexometry (EDTA titrstions). It slso gives two methods for separsting
and estimating one of these constituents {n presence of the other, which otherwisa is

erroneous. The results show accuracy and reproducibility.

Introduction:

The teaching of titrimetric analysis
has now introduced purposeful eoxercises
involving analysis of consumer products
such as drugs. This nacessitates the sett.
ing ot experiments which familiarize- the
students with as wide a range of titrime-
tric reactions as possible. The experiment
suggested hese is profitable in that it adds
variety to the laborstory programms, ena-
bleg the students to gain experience In
analysis of a familiar sample of known
composition end Increases - their aware-
ness sbout the importance of chemistry of
consumer products.

Any of the two methods suggested
here for the titrimetric estimation of
calclum and phosphate simultaneously,
involva combinad use of different types
of titrimetry. namoely acid-base. redox and
complexometry. This, otherwisa, is not
possible due to the precipitanon.of their
salt. The analysis ot a sample using both
the methods will require three 3-h labo-
ratory periods. 8o another approach is
to give the experiment as a group experi-
ment. The students may be devided into
paits, each student being tasponsible for
the use of single method and the data
from two meathods may ultimately be
shared by both. In the proposed methods,
phosphate is estimated by *Quinoline
molybdophosphete method’ which is
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better than the conventional! *Ammonium
molvbdophosphate method-.

In methad f, phosphate is separated
as quinoline mplybdophosphate precipitate
and estimated using alkalimetry. while
filtrate is used for estimation of calcium
using EDTA (either directly! or by back
titration with standard zing sulphate?).
in method I, calcium is separated as
calcium oxalate precipitate and then esti-
mated by permanganometry and from the
filtrate phasphate is precipitated as quin—
oline molybdophosphate and estimated by
alkalimetry.

Experimantal

The setting of the procadure is done
by using standard solutions of Ca** and
PO3,-. their synthetic mixtures and a
galt of known compasitlon. The detailed
procedure is given below and the results
are given in Table 1. Some of the weii-
known dietary supplement tablets contai—
ning celcium and phosphate are used for
the analysis. Aftet weighing exactly the
tablet{ w» 1 g) is disintegrated using 10
mL. of nitric acid (1:1) followed by & mL
of concentrated hydrochloric acid. (For
the tablet having weight less than 064g.
two tablets are used instead of one, inorder
to get the readings in the_range suitable
for titmeliic analysis}., The solution is

1



cooled, filtered and 1hen diluted exactly
to 250 mL, which can be used for estima-
tion of calciun and phosphate using elther
of the following methods.

Method | : Estimation of phosphate -
To the 25 mL aliquot, 8 mL of concent-
rated hydrochloric acid and 18 mbL of
sodium molybdate {15%) are added. The
solution is heated and ~ 35 mL of quino-
fine hydrochloride reagent is slowly added
when a yellow precipitate of quinoline
molybdophosphate is obtained. Alter
digestionfor 15 min, it is filtered through
Whatmean filter paper No. 41. The preci-
pitate is first washed with hydrochloric
acid (1:9). and then by water till itis acid
tres. The filtrate is diluted exactly to 250
mi and used for calcium estimation. The
precipitate is dissolved in exactly 25ml
of sadium hydroxide (0.5 M)} and the
solution is diluted to 250 mlL. From this
25mL of the solution is back-titrated with
standard  hydrochoric  acid  solution
(0.05 M) using phenolphthalein indicator.
The blank titration is carried out by dilut-
ing 25 mL of sodium hydioxide (0.5 M)
10 250mL and then titrating 25ml of this
solution agsinst standard hydrochtoric acid
{0.05 M). From the difference in volume,
the amount of phosphate is calculated,

Estimation of calcium: (A) Direct
titration with EDTA - To the 50mL of
diluted filtrate, ~ 5mL of liquor ammonia
is added to make the solution alkaline.
Then 1mL of ammonia—ammonium chloride
bufter (pH 10), and 5 mL of Magnesium-
EDTA solution are added and solution is
titrated using Eriochrome Black T indicator
against EDTA solution (0,01 M)} whichis
previously standardized using standard
Zn2t solution.

B) Back titration with standard zing
sulphate solution.

To the 50 mL diluted filtrate, 5 mL of
liquor ammenia, exactly 25 mL of EDTA
(0 01 M) and ~ 10 mL of ammonia-amm-
onium chloride buffer solution are added
and excess of EDTA is back titrated with
standard zinc sulphate soiution (0.01 M)
using Eriochrome Black T indicator. Blank
titration is carried out by titrating 26 mL
of EDTA with zinc sulphate solution. From
the difference in readings the amount of
calcium is calculated.

Method 1 : Estimation of caicium ~ To
the 25 mL aliquot. 15 mL of ammonium
acetate (7.2 %) solution is added. The
solution'is heated and 15 mL of ammo-
nium oxalate (1%) solution ishadded to
precipitate calcium oxalate. Thepracipitate
is digested for 15 min and thegn filtered
through Whatman fiiter paper No. 41.
The fiftrate is collacted and used for esti-
mating phosphate, The precipitate of
calcium oxalate is dissolved in ~ 25 mL
of hot sulphuric acid (2N) and the
solution is titrated against standard pota-
ssium permanganate solution (0.1 N).

Estimation of phosphate - From the
filtrate, phosphate is estimated by using
the same procedure as dascribed in
Method |.

The studants may be asked to calcu-
late the results for the average weight of
the tablet. Such results are summarized
in Table 1.

Indian J. Pharm, Educ.
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TABLE-1: ANALYSIS® OF SYNTHETIC MIXTURES, SALT, AND DRUG SAMPLES FOR ESTIMATION OF Ca?* and PO~

Sample with expected _ Mathod | Mathod 1|
results Caiv PO- PO~
Observed Ralative Obsarved Relatlve Observed Relative Observed Relative
amount arror %, amount error % amount error 9%, amount ertor %,
in mg In mg In mg inmg
Synthetic Mixtures
(SMh SMI)
SM; .
{4.97 mg Ca?* and A 491 —1.21 35.19 +1.12 4.86 =2.21 35.10 +0.86
34.80mg. PO.- in 26mL) IB 4.97 Nil
SM;,
(34.81mgCa?t and 1A 35.00 +055 6.00 +0. . «0. .
4.27mg POJ-In25mi) 1B 34,06 —2.14 +0.60  34.81 057 5.0 +2.62
Salt CaHPO4(anhydrous)
1 47'30'"9 g"f_ T and A 149.40 41.43 360.96  +0.53 14776 +0.31. 354,88 +1.66
ey " 18 145.09—1.60
Drug Samples(D1-Ds)
O, (1 43.30m% C,:a‘-'-l- and 184.02—2.23 .
349.10mg PO~ Ni—2, 49.36 +0.07 143.2 -2, . -
pertablal; B 147 04— 018 3.22 2,77 347.65 0.42
D:(33.00mg Ce?+ end JA  33.23+0.69 4587 —0.28  32.87 —0.39 4698 —.04
:8.??’?.! PO~ IB 32.40—1.82
ar o
0,{125.00mg Ca?+ ond 1A 123.68—1.14 19226 ¥0.60 127.00 +1.60 192,00 +0.48
l 91|.1 ar‘r;g PO~ 1B 125.54 +0.43
or 1A
DA64.21mg Ca'+ and 1A 62.39-2.83 102,90 —1.74  63.80 =111 102,76 —2.44
104-73'[',9 POL- B 62.68-254
per table
D,(101.00mg Co? + end (A 103.16+2.14 234.78 —~1.09 10378 +2.72 236.00 =037
237 36mo PO~ 18 102784176 '
por ta

sTho values are mean of three replicates
IA Mathad of direct titration with EDTA

IB  Method of Back titration with Zing sulphate



®  CONCLUSIONS: The pronosed methods are simple, reproducible and sccurate within the limits of titrimetric
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analysis. As the assay of drug samples is availabie, reliable evaluation of the students, performance can be done:
The sampies used here contain calcium and phosphate as inorganic ions. So for the samples having other additional
constituent inorganic ions, modifications seem to bs necessary. For complexometric estimation of calcium, direct
titration method seems 10 be better than back titration method.

TABLE - 2 ;: SOME REPRESENTATIVE OBSERVATIONS AND RESULTS OF THE ESTIMATION OF Ca+ and PO, ™

Sample » Method | Method I
Cat+ POy . Cat PO
Mathed 14 Mothod B fiter Cateu- Titer (ML) Colew Titer  Caleus
Titer (mL) Cajculated Titer (mL)b Calculated(mL)b HCI lated KMnO4 lated (mL)b Isted
EDTA smount InS04 amount  {0.08387 M)amount (0,1010M) amountHCl  amount
(0,01066M) {ma) (0,009918M) (mg) (mg) (my) {mg)
. (0.08357M)
Synthetic mixtures . :
$M; (4.97 mg Ca, 2 2.3 4.91 26 4.97 180 3519 24 488 119 35.10
34.80 mg POS-) .
fg;ﬁ:’%?’,c" 2 18.4 35.00 17,1 34.08 2.8 500 171 3481 28 510
. * 4"
Drug D,
(125.00 mg C, 2+

' 5.8 122.33 8.3 123.74 10, 193,78 0.2 124.01 101 184,72
181.10 my PO, ) 27 °

a8 : The values in the parantheses ate expected values.
b : Difference between the readings of blank and back titration.
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ABSTRACT:

A simple group experiment for the
determination of iron from heamatinic
tablets-a familiar consumer product - is
suggested for execution in two 3-h labo-
ratoty periods. Ferric ions obtained after
complete disintegration of the sample, are
reduced with zinc dust in acid salution
and the determination of iron can be done
using either potassium dichromate or
potassium permanganate sofution. The
gxperiment introduces the students to
comparative study of boeth the redox reac-
tions as well as their appiication to analy-
tical chemistry.

INTRODUCTION:

With the increasing awareness about
the pollution problems and environmental
safety, it has become necessary to modify
the conventional experimental procedures
As an alternative to conventional Sn-Hg
reduction method (which involves use of
HgCli), we have tried the reduction of
fetric ions as per some Jeported procedu-
res using the reductants like zinc dustl-3,
zine granules, aluminium powder, alumi-
nium wire4, . aluminium foil, magnesium
powder and magnesium ribbon. Out of
these, reduction with zinc dust in pres-
ence of sulphuric acid is found to be
suitabla for the complete reduction of
ferric ions within reasonable time. Using
this method, therefore, an experiment has
been set up for estimation of iron from
iron-supptement tablets, These samples
conisin fron in different forms such as
terrous fumarate, ferrous sulphate, ferrog-

lycine sulphate, and ferrouscalcium citrate

complex. The method involves disintegra-
tion of tablets, reduction of ferric ion with
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zinc dust in presence of sulphuric acid
and finally the titrimet ic estimation. It
enables tha students to gain the expari-
ence of redox titrations using potassium
permanganate. The waste solutions obta-
ined can be easily disposed off after
removal of metal ions by precipitation3.

EXPERIMENTAL

Alt the reagents and chemicals used
are of Analar or equivalent grade. The
procedure is set by using standard solu-
tions prepared from iron salts and then
used for the analysis of drugs.

Disintegration of drug sample¥:- After
weighing exactly. two tablets are disinte-
grated carefully in a 250 mL beaker by
successive tieatments of small portions
{5 mL and 2 mL) of concentrated nitric
acid till no darkening of the solution{ind-
ication of the complete removal of organic
matter). It is then treated with a mixure
prepared by taking 2 mL of concentrated
nitric acid and 5 mL of concentrated sulp-
huric acid, The solution is heated until
the brown fumes due to nitric acid are
stopped  After cooling. it is diluted with
~50 mL of distilled water and again
heated to dissolve the iron salt. The sclu~
tion is cooled and filtered through VWnat-
mann filter paper No. 41 and diluted exa-
ctly to 250 mL.

Titrimetric Procedures : To the 25mlL
aliquot in a 250 mL conical flask, 10mL
of sulphuric acid (3 M) is added It is
heated to ~70°C on a hot plate and
~0.59g of zinc dust is added. The conical
flask is covered with a watch glass. After
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Smin, 5mL of sulphuric acid (3M) is added.
The §lask is shaken until all the zinc dust
is consumed and evolution of hydrogen
has stopped. To this solution, 5mL of
sulphuric acid (3M) and 5 mL of phosph-
oric acid (85%) are added.

The solution can be titrated against
standard potassium dichromate solution
{~0.025 N) after adding 4 drops of diph-
enylamina indicator (1%, in concentrated
sulphuric arid) until persistant blue-violet
colour is observed.

Alternatively tho titratinns can also
be carried out by using standard potassium
pormungannts solution ( <0,026 Ni. Hate,
the distinct end point may be obtained by
adding diphenylamine indicator justbe-
fore 1the end point?,

It is suggested to camy out blank
titration using which the necessary ‘coire-
ction for tha main titration reading can
be given.

For comparison of our resuits, con-
ventional Sn-Hg reduction method has
also been used. The results obtained for
the three methods are summarised in
Table 1.

CONCLUSION:

The results obtained (Table 2) for the
amount of iron per tablet using zinc dust

reduction method are in good agreement

with the iron content as mentioned on
the manufacturer’s label as with those
obtained using Sn-Hg reduction method.
The method has advantages like simple
experimental procedure, use of dilute titer
solutions and safe disposal of waste
solutions. As the reduction of ferric ions
is carried out by using zinc dust in pres-

64

ence of sulphuric acid (Iinstead of hydro-
chloric acid!), the method is applicable
for the use of potassium dichromate as
well as of potassium permanganate (with
out using Zimmermann-Reinhardt’'s solu-
tion?). For the samples used, the interfer-
ence of other metal ions present in them,
seems 10 be negligible. The experimental
results show that the accuracy and praci-
sion are fair.
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TABLE 1 :

ESTIMATION OF IRON* FROM IRON SUPPLEMENT TABLETS

Sn-Hg reduction method
Drug sample with Fe

Zn reduction method

S ot por tablet Titer : K;Cr04 Titar: KaCri0y Titer : KMnOQ,
?ﬁ,’;;’;le‘:’ on | abel) F®content Relative Std. | Fecontent Relative Std. Fe content Relative  Std..
found ecror deviation found error deviation found error deviation
: (Relative) (Relative) {Relative)
(mg-) (me) (%) (%) (mg) (%) (%) (mg) (%) %)
D; (98.65) 100.61 +1,98 3.94 97.41 —1.26 2.56 100.56 +1.84 067
D2 (65-76) 68.96 44.86 2.34 639.07 +5.03 1.42 68.06 +3.60 2.66
Ds (65.17) 63,66 ~—2,92 0.88 53.48 -3.08 360 655.25 +0.15 0.88
Dy (65.17) 55.06 —0.20 3.70 64.88 —0.563 5.22 56.33 +2,10 563
Ds (50.00) 50.01 +0.02 1.7 49,78 —0.44 1.69 £0.30 +0.60 1.83
D¢ (26.00) 25.85 +3.40 3.07 25.51 +2,04  3.07 2582 +3.28 223

*The values are mean of three replicates,
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TABLE 2 :

SOME REPRESENTATIVE OBSERVATIONS AND RESULTS OF THE ESTIMATION OF IRON

Sample with expected Sn Hg reduction method
amount of iron {(mg} in

250 mL of the solution

Zn reductiou method
Titer: K,Cr:0, (0.02551 N}  Titer: KiCri04 (002351 Ny

Titer: KMnQ, (0.02473 N)

Titer for 25 Fe content Titer for 25 Fe content Titer for Fe content
mL aliquot found in mL aliquot found in 25 mL found in
250 mL 250 mL 250 mL
(mL) {mg) (mL)e (mg) {mL)® (mg)
Salts
Fo(NHe) (SO4)212H20 18.6 265.00 18.5 263,57 1941 264.02
(263.98)
Fe (NH4)2S0C4 6Ha0 7.0
. .73 7.1 1 . .

(99.77)% 99 101,16 7.2 99.62
Drug samples 1 10116
Ds(100.00) 7. 0 1.0 99.72 7.3 100.90
Ds (50.00)< 3.6 51.29 35 49.86 3.7 51.14

a : Difference betwaen maln titration reading and blank titration reading
b : The disintegration procedure (used for drug samples) converls Fei+ to Fe’+
¢ : Amount of iron In two tablets (as two tablets are used)
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47. Preparation and Thermogravimetry of Ammonium
Metallg -Oxalates of Al (1L1), Fe (I1} and Cu (I}

V. D. Kelkar, G. N. Natu
Depanment of Chemistry, University of Poona, Pune
and "
S. R. Pokharkar
Dcparument of Chemistry, Modem Cellege, Pune

Key words :  Ammonium metallo-oxalaies, TGA

The preparation churicterisation, and -thermogravimetric study of
ammonium salts of metallo-oxatates - (NH,), A1(C,0,),*3H, 0, (NH, Fe
(C,0,),+3H,0.and (NH }, Cu(C,04), *2H O isreponed. The TGA curves
are studicd to get the degree of deccomposition and hence the encrgy of
activation foreach step of the decomposiuon. This excrcise, is much usclul
to familiarisc the posigraduate students with the preparation of pure
complex, standord titimetric cstimations of various constitucnts and use
of thermogravimcetric analysis, all of which are invelved in a purposcful

investigation,

48. Synthesis and Structural Investigation of some
Mixed-Lipand Cyangnitrosyl {CeNO}* Complexes
of Chromium with some Tertiary Alkylanlines.

R. C. Maurya, D. D. Mishra, L. B. Khan and P, Shukla,
Dcpartment of P. G. Studics and Rescarch in Chemisury,
Rani Durgavati Vishwavidyalaya,

Jabalpur

Six novel mixed-ligand cyanonitrosyl complexes of chromium (I) of
composition, {Cr (NO) (CN), (L), (H,0)] (where L = N, N-
dimcthylaniline, N, N-dicthylaniling, N-cthyl-N-mcthylaniling, N, N- .
dimethyl-p-toluiding, N, N-dimcthyl-m-toluidine or N, N-dimcthyl-m-
anisidinc) have been preparcd by the intcraction of potassium
pentacyanonivosylchromate (1) monohydrate, K, {Cr (NO) (CN),] +H,O
with the suid tertinry amincs. The complexes, which have been
characterized by clemental analyses, magnetic measurcments,
conductance studics, clectron spin resonance and infrared spectral studics,
contain chromium (I) in a fow-spin {CrNo}? cicctzon configuration.



