SIAN JOUR

10 J U IN]

35%an Jouma of ChemiSZ

2 F--_-\/-- | J

| ¥ v.. \J'....‘.f.\.“.\« 1NNI

Reductometric Titration and Quantum Chemical Study of Oxalohydroxamic
Acid for Determination of Manganese in Ores and Alloys

SoNALIKA AGRAWAL!, FAuMIDA KHAN', DAKESHWAR KUMAR VERMA?" and RakEsH KUMAR SAHU!

'Department of Chemistry, National Institute of Technology, Raipur-492 010, India
*Department of Chemistry, VEC Lakhanpur, Sarguja University Ambikapur-497 116, India

*Corresponding author: E-mail: dakeshwarverma@ gmail.com

Received: 19 April 2017, Accepted: 15 July 2017,

and experimental and theoretical results.

INTRODUCTION

Hydroxamic acids are excellent analytical reagents for
organic and inorganic analysis. Extensive works have been
carried out on their synthesis [1], complexation with metal
ions [2], gravimetry [3], colorimetry [4], kinetics [5-9], spec-
trophotometry [10] and medical applications [11-14]. Benzo-
hydroxamic acid was used as a reductometric titrant for deter-
mination of manganese, chromium [15] and cerium, uranium
[16]. The proposed method is based on the reduction property
of aliphatic hydroxamic acid i.e. oxalohydroxamic acid (OHA).

Manganese is one of the most widely used metal in the
industries. Manganese is used to form an alloy in the steel which
results in improvement of better properties such as toughness,
stiffness, wear resistance, hardness and most important strength.
Itis used by the steel industry, as a deoxidizing and desulfurizing
additive and as an alloying constituent. It is also often alloyed
with other metals such as aluminium and copper to reduce
corrosion [ 17-19]. The reactions of permanganate are interesting
because of the several oxidation states to which the manganese
can be reduced. Manganese species having oxidation numbers
between + 1 and + 7 are well known. The reduction of manga-
nese(VII) to a lower oxidation state depends on the reaction
media. Generally, titrations are carried out in acid medium.

For the determination of manganese several methods have
been developed and reported. Out of which most widely adopted
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is titrimetric procedure to oxidize Mn(II) to Mn(VII) with per-
sulphate in sulphuric acid medium and titrate the Mn(VII) with
As(IIT). During our studies on the oxidation of oxalohydro-
xamic acid with KMnOy, it was observed that 12 equivalents
of oxidant are consumed by one mole of the reductant. In this
reaction, KMnOy is quantitatively reduced to Mn(II) in 2 N
H,SO, and permanganate is titrated with standard oxalohydro-
xamic acid solution. The reaction is instantaneous and stoichio-
metric. This proposed titrimetric method has been successfully
employed for the determination of manganese in various ores
and alloys.

In present study quantum chemical studies based on DFT
theory has been employed to study the electronic properties
of organic molecules possibly relevant to theirreactivity towards
metal ion(s) [20,21]. To characterize the reducing property of
oxalohydroxamic acid, molecular orbital calculations are perfo-
rmed, which are helpful to obtain the interaction mechanism of
organic molecules with metal ion(s).

EXPERIMENTAL

Preparation of manganese(VII): A stock solution of Mn(VII)
was prepared by dissolving a weighed quantity of G.R. grade
potassium permanganate (Merck, India) in Millipore purified
water and diluted to mark in a volumetric flask and was
standardized against arsenious oxide before use [22].
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Preparation of hydroxamic acid solution: Oxalohydro-
xamic acid was prepared and purified by literature procedures
[23,24]. Standard solution of hydroxamic acid was prepared
by dissolving accurately weighed quantity of pure oxalohydro-
xamic acid in Millipore purified water and diluting to a known
volume.

Preparation of standard sulphuric acid solution: Standard
solution of dilute sulphuric acid was prepared in Millipore water
and was standardized with sodium carbonate [25].

Metal ions: Solutions of various metal ions used in the
interference studies were prepared according to West’s proce-
dure [26,27].

Preparation of standard samples: An accurately weighed
quantity of sample (0.1-0.2 g) was dissolved in 20 mL of aqua-
regia. To the cooled solution 5 mL of concentrated sulphuric
acid was added and the solution was heated till dense white fumes
appeared. Solutions of ores and alloys containing more than 5 %
Mn were diluted to standard volume after proper cooling at
this stage and aliquots were used. The sample (or its aliquot) was
diluted to 100 mL and 10 mL of 1 % AgNO; solution and 0.5
to 1.0 g of potassium persulphate were added, followed by 5 mL
of conc. H,SO, and the mixture was heated. When the oxidation
was completed the mixture was gently boiled to decompose
the excess of persul-phate. The solution was cooled to room
temperature and titrated with oxalohydroxamic solution, stand-
ardized by using it to titrate a standard permanganate solution
in 2 N H,SO, medium. The end point was signalled by the dis-
appearance of the colour of permanganate. Mettler Toledo AL
204 analytical top loading balance was used for weighing and
purified water was obtained from Elix Essential 10 Millipore water
purifier.

1 mL of 0.1 M OHA = 65.926 mg Mn

Autotitrator: All titrations were performed using an auto
titrator Model AT-97 manufactured by Mayura Analytical Pvt.
Ltd., Bangalore, India. This auto titration system consists of a
motor-driven titrant dispenser, a mechanical stirrer and electrodes
coupled to a pH/ion analyser and controlled by personal computer
for automatic titration and data acquisition and processing.
The titrant from the reservoir was delivered accurately through
a calibrated dispenser in the titration vessel. The e.m.f. readings
were recorded with the autotitrator using platinum electrode as
indicator electrode and saturated calomel electrode as reference
electrode.

Theoretical study: Gaussian 09 (G 09) software package
is used for quantum chemical calculation of oxalohydroxamic
acid with geometrically optimized structure. The backe’s three
parameters hybrid exchange functional and Lee-Yang-Parr non-
local correlation function [x] (B3LYP) as well as 3-21G basic
set were employed for calculations. The theoretical parameters
such as lowest unoccupied molecular orbital (LUMO) energies,
highest occupied molecular orbital (HOMO) energies, energy
gap AE (Enomo-Evumo), efc. were calculated.

Procedure: An aliquot of Mn(VII) solution (10 mL) contai-
ning 14 mg manganese was taken in a 100 mL beaker and required
standard sulphuric acid solution was added so that the acidity
was adjusted to 2 N in a total volume of 50 mL. It was then
titrated potentiometrically with standard oxalohydroxamic acid
solution added from a micro burette.

RESULTS AND DISCUSSION

The structure of oxalohydroxamic acid (OHA) is shown
in Fig. 1. The oxalohydroxamic acid is characterized by Fourier
transform infrared (FTIR) spectroscopy is presented in Fig. 2.
FTIR spectra of oxalohydroxamic acid represent the absorption
band observed at Ay, 3271.87 cm™ arises due to N-H stretching
vibration. The O-H bonds in crystalline oxalohydroxamic acid
are strongly hydrogen bonded and thus associated vibrational
bands are observed neat Ay, 3184-3074 cm™ and A, 2862
cm’. The bands at Ay 1654.81 cm™ arise due to C=0 stret-
ching vibration. The absorption bands 1442.14, 1380, 1227.27,
1099 and 846 cm™ arises from the vibrations of N-H bending,
OH bending, OCN stretching, N-O stretching and C-NO
bending, respectively. The observations revealed the presence
of -NHOH groups in oxalohydroxamic acid.
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Fig. 1. Structure of oxalohydroxamic acid (OHA)
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Fig. 2. FTIR spectra of oxalohydroxamic acid

Effect of sulphuric acid concentration: To study the
effect of sulphuric acid concentration on the reaction potentio-
metric titrations were carried out. The results are given in Table-
1. The titration curves are shown in Fig. 4. It can be seen from
the observations that there is no noticeable change in the number
of equivalents of potassium permanganate in the acidity range
of 1-6 N. It was observed that though the reaction was stoi-
chiometric in 1 N sulphuric acid the sharp end point is obtained
in 2 N acidity. Therefore, all experiments were carried out in
2 N sulphuric acid.

Effect of temperature, concentration of the reacting
substances and time: To study the effect of temperature and
concentration of the reacting substances on the reaction, visual
and potentiometric titrations were carried out. The results are
presented in Tables 2 and 3. To study the effect of time, the
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TABLE-1
EFFECT OF SULPHURIC ACID CONCENTRATION;
(CONHOH), = 5.002 x 10° M; KMnO, = 2.497 x 10> M;
10 mL titrated; H,SO,= 8.260 N; Total volume = 50 mL

Acidity, H,SO, OHA (mL)* Eq“‘valrflgi ‘(’; %I“H(X e
1 4.167 11.98
2 4.160 12.00
3 4160 12.00
4 4.153 12.02
5 4163 11.99
6 4.150 12.03

*Values obtained from second derivative plots of potentiometric
titration.

TABLE-4
EFFECT OF TIME
Back titration of excess Mn(VII) with iron(II)
(CONHOH), = 5.020 x 10 M;10 mL added; KMnO, = 2.521 x
10 N; Volume of Mn(VII) = 50 mL; Total volume = 100 mL

v {h) Vol}lme of ferrous Equivalents of Mn(VII)
ammonium sulphate (mL) per mole of OHA
0.00 4.50 12.00
0.25 4.50 12.00
0.50 4.55 11.97
1.00 4.45 12.02
5.00 4.40 12.04

TABLE-5
INTERFERENCE OF FOREIGN IONS
(CONHOH), = 5.0144 x 10° M; KMnO, = 4.313 x 102 N; Acidity =

TABLE-2
EFFECT OF TEMPERATURE ON THE DETERMINATION OF 2 N H,SO,; Volume of Mn(VII) = 10 mL; Total volume = 50 mL
Mn(VII); (CONHOH), = 5.031 x 107 M; KMnO, = 2.521 x 10> M; Amount Amount
10 mL titrated; H,SO, = 8.260 N; Total volume = 50 mL Addenda 44  OHA | Addenda 4504 e
- ions —— (mL) ions —— (mL)
Temperature (°C) Volume of Equivalents of Mn(VII) mL mg mL  mg
OHA (mL) per mole of OHA None = = 7.17 None = = 7.17
25 4.19 11.97 1.0 10 7.17 0.5 5 7.17
30 4.17 12.01 Cu(ID) 2.0 20 7.17 | Mn(VI) 1.0 10 7.15
35 4.18 12.00 3.0 30 7.17 2.0 20 7.15
40 4.18 12.00 1.0 10 7.17 0.5 05 6.47
45 4.16 12.05 Ni(II) 2.0 20 7.17 V(V) 1.0 10 7.56
50 4.16 12.05 3.0 30 7.15 2.0 20 9.40
1.0 10 7.17 1.0 10 7.17
TABLE-3 Zn(II) 2.0 20 7.19 Cr (VD) 2.0 20 13.45
EFFECT OF CONCENTRATION OF REACTING SUBSTANCES; 3.0 30 7.17 2.5 25 25.12
KMnO, = 2.521 x 10 N; H,SO, = 8.260 N; Total volume = 50 mL 0.5 5 7.17 0.5 5 7.17
Volume of e vy MO 100 7T 10 10 7T
Conc. of V&L“(‘{‘,‘I’I‘)’f H,SO,  Volumeof of Mn(VID) ™ 9o 20 18| U 15 15 77
OHA iy added OHA (mL) per mole of 3.0 30 7.15 2.0 20 7.30
(mL) OHA 0.5 5 7.17 0.5 5 7.17
5.0 10.90 3.42 11.88 . 1.0 10 7.17 1.0 10 7.17
-3
3.103x 10 10.0 9.69 6.76 12.02 TV Ho 20 717 | P s s g7
M (0.06075
15.0 8.47 10.16 12.00 3.0 30 7.66 2.0 20 7.28
/250 mL)
20.0 7.26 13.50 12.04
4.018 % 10° 5.0 10.90 2.62 11.97 interfere even if present in 10 mg amount, but with increasing
. 10.0 9.69 5.23 12.00 . . .
M (0.08273 15.0 847 783 1202 concentration of Mn the interference also increased. For 1 mg
/250 mL) 200 796 1043 12.03 of Mn the tolerance limit for chromium was found to be 6 mg.
) 5.0 10.90 209 11.99 For 2.5 mg of Mn, it was 12 mg and for 5 mg of Mn, it was14
i40(301 1x5 386 10.0 9.69 4.17 12.02 mg. The chromium can be presumed to interfere by oxidizing
g/256 1) 15.0 8.47 6.26 12.01 Mn(II) to Mn(IIT) [28]. Chromium is expected to interfere accor-
20.0 7.26 8.33 12.03

reaction mixtures were allowed to stand for different time intervals
and then titrated visually with standard iron(II) solution. The
results are presented in Table-4. The results show that temper-
ature, concentration of the reacting substances and time does
not have any significant effect on the reactions.
Interference of metal ions: The interference of cations
like Cu(II), Zn(II), Ni(II), Co(II), Fe(III), Ti(IV), V(V), U(VI)
and Cr(VI) were studied by adding varying milligram quan-
tities of these ions to 13.63 mg of Mn(VII) in 2 N H,SO, and then
titrating with oxalohydroxamic acid to a visual end point. The
results are recorded in Table-5. It can be concluded from the
results that with the exception of Cr(VI), the method is free
from interference of many ions. As Cr(VI) fairly interferes
with the determination detailed studies were made with varying
concentrations of Mn(VII) and Cr(VI). It was observed that at
lower levels of manganese i.e., 0.1 mg or less, Cr(VI) did not

ding to the reaction:
6Mn* + Cr,07 + 14H* — 6Mn’* + 2Cr'** + 7TH,O

Therefore, the determination of Mn in ores and alloys can
be done without any difficulty in absence of chromium.

Applications of proposed method: The established
stoichiometry of Mn(VII) - OHA reaction in 2 N sulphuric acid
medium has been applied for the determination of manganese.
The proposed method was applied for the determination of
manganese in the standard reference materials, e.g. BCS-CRM
no.113, Cast Austenitic manganese steel and pyrolusite. The
results of the analysis of standard reference materials are
recorded in Table-6. The determined values of percentage of
manganese in these standard materials are in good agreement
with the reported values.

Quantum chemical studies: The density function theory
(DFT) is very important theoretical model used in elucidating
the chemistry of molecules and science of solids [29]. Various
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TABLE-6
ANALYSIS OF STANDARD REFERENCE MATERIAL
(CONHOH), =2.235 x 10> M

TABLE-7
SOME MOLECULAR PROPERTIES OF OHA CALCULATED
USING DFT AT THE B3LYP/3-21G BASIC SET LEVEL

Name and product Sample Theoretical Observed
code of alloys taken (mg) value (%) value (%)
BCS-CRM no. 113 660.46 1.20 1.178
Cast austenitic 470.908 11.50-14.50 12.885
manganese steel
Pyrolusite 205.85 25.57 25.44

chemical concepts have been correlated using framework of
density function theory (DFT) [30]. One of the most important
parameter, electron density calculated in DFT upon which most
of the chemical quantities are expressed [31]. Density function
theory has been widely used to describe the structural nature
of the molecules in recent time [32]. Moreover, DFT is consi-
dered as an effective technique to analyze the interaction between
metal and organic molecules.

Various theoretical parameters viz. lowest unoccupied
molecular orbital (ELumo), highest occupied molecular orbital
(Enomo) and the energy gap AE (Erumo-Enomo) were calculated
from optimized structure of OHA. These parameters were used
to explain the interaction between OHA with metal ion(s) [29].
Therefore, quantum chemical using DFT was used to explain
the reducing behaviour of OHA discussed in the present investi-
gation. Distribution of frontier orbitals (HOMO, LUMO) was
considered for determining the active sites of organic molecules
for interaction. According the classical chemical theory, there
are two types of chemical interactions (i) orbital interaction and
(i1) electrostatic interaction. The driving force of electrostatic
interactions in the molecules has been proven that local electron
density are important in chemical reactions of organic compounds
[33]. The graphic presentation of optimized structure, Erumo and
Enowmo for OHA shown in Fig. 3(a-c). These parameters give the
information about the reactive behaviour of OHA (Table-7). High
Enomo energy of OHA indicates the higher electron donating
capacity to the metal ion with empty molecular orbital of low
energy. The lower Erymo value indicated that OHA can easily
accept electrons from metal ions by back pi bonding [34]. The
energy gap (AE) between Erumo and Ewnomo (AE = Erumo and
Enomo) was also determine. Low values of energy gap will provide
good interaction ability of OHA, because excitation energy will
be low to remove an electron from last orbital [20].

It could be seen from Fig. 3(b) & (c) that OHA have almost
similar LUMO and HOMO distributions, which is due to pre-
sence of oxygen and nitrogen atoms. Therefore interaction

Ehomo (€V)  Erumo (€V) AE (eV) n ®
-0.237 -0.065 0.172 0.086 11.62

takes place between bonded electrons on hetero atoms (O, N)
of OHA and unoccupied d-orbitals of Mn atom. Usually higher
values of Euowmo are likely to show an ability of molecule to
donate electrons to suitable acceptor. From Table-7 it is apparent
that OHA has higher value of Euowmo indicates the good inter-
action ability towards metal ion. A molecule with low HOMO-
LUMO energy gap (AE) is more polarized and usually asso-
ciated with low kinetic stability, high chemical reactivity and
is designated soft molecule [35]. Molecule with lowest hardness
(M) and greatest softness () show good interaction ability to metal
ions/surface.
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Fig. 4. Titration of Mn(VII) with OHA in different sulphuric acid concen-
trations

Fig. 3. (a) Optimized structure, (b) HOMO and (c) LUMO density of OHA using DFT at the B3LYP/3-21G basic set level
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Conclusion

The developed method is based on the reduction behaviour
of hydroxamic acid in acidic medium.It is an improved titri-
metric method for the establishment of Mn(VII) -OHA reaction
stoichiometry in 2 N sulphuric acid media. It is a rapid and
précised procedure as the reaction is instantaneous at room
temperature. The proposed method has the advantage over the
earlier reported hydroxamic acid that better number of
equivalents is obtained sharply and precisely which facilitates
the accurate estimation of Mn in alloys. Data obtained from
quantum chemical calculations by using the DFT at the B3LYP/
3-21G basic set level, a correlation between parameters related
to the molecular and electronic of OHA and its reduction ability
could be established. Comparison of experimental and theore-
tical data reveals the good correlation confirming the credibility
of the method employed in the present investigation.

CONHOH 59 CON©O
- ]
CONHOH CON'O
lﬂO]+2H20
COOH
+2HNO,
COOH
lZ[O]
2HNO,
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