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observed within 200 m zone. The area under 200 m
radius from BOP is the zone of influence of blow-out.
The gas blow-out site was inaccessible and satellite data
alone facilitated in observing the vent temperature synop-
tically during the blow-out condition. In addition, multi-
temporal satellite data by virtue of repetitive coverage
facilitated dynamic aspects of blow-out condition and
the associated spatial changes resulting due to damage.
Thus, satellite technology only could facilitate synoptic
observation of such episodic events and could account
spatially for the area of its influence.
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Single crystals of neodymium heptamolybdate
(Nd,Mo,0,, - 27H,0) are grown in sodium metasilicate
gel by the diffusion of neodymium nitrate (upper
reactant) into the set gel impregnated with a mixture
of molybdenum trioxide, ammonium hydroxide and
concentrated nitric acid (lower reactant). Oscillation
X-ray diffraction pattern shows that neodymium hepta-
molybdate is single-crystalline in nature, while infrared
absorption spectrum establishes the presence of molyb-
date group and water of crystallization, X-ray
photoclectron spectroscopic studies of neodymium hep-
tamolybdate single crystals establish the presence of
neodymium and molybdenum in their oxide states and
the oxygens in the sample are shown to exist as (i)
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terminal oxygen (Mo=0), (ii) bridging oxygen (Mo-
O-Nd) and (iii) oxygen of lattice water (H-O-H).

FERROELECTRIC and ferroelastic properties of rare-earth
molybdates are of great interest in electro-optical and
acousto-optical devices'™. Barium molybdate tetragonal
bipyramidal crystals are grown by the precipitation of
alkaline-earth metal molybdate powders from neutral
aqueous solutions®. Rare-earth molybdates, having the
general formula R,(MoQO,),, have been reported to be
ferroelectric materials’. The growth of rare-earth
molybdates (R =Pr, Nd, Sm, Eu, Tb and Dy) using the
Czochralski technique has been studied by Brixner®. As
this method involves elevated temperatures, thermal stres-
ses released during the growth may make the crystals
defective. Henisch and coworkers’® have established the
growth of crystals in gels and this method has been
fully exploited in the case of calcium sulphate dihydrate
single crystals”™. Growth and characterization of rare-
earth mixed single crystals of samarium barium
molybdate have been reported by Isac and Ittyachen'®,
Studies on the growth of neodymium heptamolybdate
(hereafter called NHM) single crystals in silica gels
have been reported in the literature'’.

For the growth of NHM in gels in the test tube,
acidified aqueous solution of sodium metasilicate (0.5 M,
pH 5) is used as the reacting medium. The lower reactant
(to be incorporated inside the gel before setting) is prepared
as follows: 0.5 M molybdenum trioxide 1s completely
dissolved in 15 N ammonium hydroxide using a magnetic
stirrer, to which nitric acid (24 ml in 50 ml distilled water)
1s added. This lower reactant is mixed with the above gel
and allowed to set undisturbed (gel age 96 h). On top of
this set gel, as the upper reactant, a solution of 0.75 M
neodymium nitrate is slowly added through the wall of
the test tube, so as not to rupture the surface of the set
gel. In about three weeks’ time, platelets of NHM (of
sizes 2mm X 2 mm X 1 mm) appear below the thick white
layer of the precipitate (of NHM) inside the gel.

The mechanism of chemical reactions leading to the
formation of NHM is explained as follows:

MoO, + 2NH,OH — (NH,), MoO, + H,0. (1)
When acidified, we get

(MoO,)* + H* —» HMoQ; , (2)

HMoO; + H" + 2H,0 — Mo(OH),, (3)

Mo(OH), + HMoO; — (H0), MoOMoO, +H,0, (4)

(HO), MoOMoO; + HMoO; —
(HO), Mo(OMoO)T +H,0,  (5)

607



RESEARCH COMMUNICATIONS

(HO), Mo{OM00,)>” + 3HMoO] —»

(HO) Mo(OMoO )+ +3H,0,  (6)
(HO) Mo(OMo0,);” + HMoO;, —

Mo(OMoOQ,)¢” + H,0, (7)

Mo(OMoQ,);” — Mo,0,,, (8)
2Nd™ + Mo, 05, — Nd,Mo.0,, . (9)

The oscillation X-ray diffraction (XRD) pattern
(Figure 1) of NHM platelet was recorded in a Unicam
camera with Cu K _ radiation (A = 1.5418 A). The revela-
tion of well-defined Bragg reflections at specific (20)
angles confirms that NHM i1s ordered, meaning single
crystalline, in nature.

The IR absorption spectrum of NHM taken in KBr
matrix confirms the presence of the water of crystal-
lization by the well-defined broad peak at 3000-3600 cm™
(relating to antisymmetnic and symmetric OH sretchings)
and a peak at 1630 cm™ (relating to HOH bending).
The presence of molybdate groups in NHM is also
established by the revelation of a pronounced broad
peak at 810 cm™ relating to symmetric or antisymmetric
stretching modes of vibration' and a peak at 325 cm™
relating to symmetric bending modes of vibration'’,

It is worth mentioning, that in the present work, so
far, neither XRD nor infrared (IR) absorption spectrum
has been able to identify heavy elements like Mo and
Nd unambiguously. Hence, it was thought worthwhile
to take up the most sophisticated X-ray photoelectron
spectroscopic (XPS) technique.

In XPS (more commonly known as ESCA), the iden-
tification of the elements incorporated in the sample is
established from the binding energy (BE) values (eV)
relating to the peaks of their respective elements, while
the quantitative data are obtained from the peak heights
or areas. The chemical states of the elements were
tdentified from the exact positions and separations of
the peaks, as well as from certain spectral contours.
XPS studies were carried out on NHM single crystals
in order to confirm the presence of heavy elements (Nd

Figure 1. Oscillation XRD pattern of NHM.
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and Mo in the present case) besides their chemical
states, which, consequently, sheds information on the
linkages of the oxygens as well.

The XPS investigations of NHM were carried out at
the Regional Sophjsticated Instrumentation Centre, Indian
Institute of Technology, Powai, Bombay, using a system
VG scientific ESCALAB MK2 spectrometer (Al K_
source, photon energy 1486.6 eV) operated at 10 kV and
10 mA. The overall resolution of the system with an
analyser pass of 50eV is about 0.7 eV. The pressure
in the analyser chamber was maintained below 107 torr.

In the present investigations, the BE (e V) scale (X-axis)
was calibrated for C 1s (284.6 eV), which is due to the
contribution of adventitious hydrocarbon from the
laboratory environment or from the glove box.

The XPS peaks relating to Mo 3d states (Figure 2 g)
are positioned at BEs of around 232.5 and 235.7eV,
with the separation of 3.2 eV strongly suggesting that
Mo in NHM is in the oxide state (MoO,). Similarly,
the XPS peak relating to 3d,, state of Nd (Figure 2 b)
in NHM has a BE of around 980 eV. This BE value
confirms that Nd too is in its oxide state (Nd,O,) in
the NHM sample, which is in good agreement with
literature findings® on the structural characterization of
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Figure 2. XPS peaks of (a) 3d levels of molybdenum and (b)
3d,,, level of neodymium.
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Figure 3. XPS peak of oxygen 1s.

Figure 4. Schematic of oxygen coordinations in NHM: molybdenum

(small dark circle), neodymium (small dashed circles) and oxygen (big
blank circles).

gel-grown neodymium copper oxalate single crystals.

It is interesting to note that the XPS peak relating
to O 1s (Figure 3) has a complex spectral contour and
is a broad peak comprising of three peaks. These peaks
relate to BEs around 528.8, 531 and 533.5eV, respec-
tively, giving the clue that oxygens in NHM have three
different coordinations.

The incorporation of Mo, Nd and O in NHM has
been confirmed by XPS (Figures 2 and 3) besides
establishing the existence of Mo and Nd as their oxides
(Figure 2 a, b). These conclusions are strongly supported
by the binding energy values corresponding to XPS
peaks of Mo(3d), Nd(3d,,,) and O(ls) (Figures 2 and
3), which are in excellent agreement with literature
findings®'.

Attention is drawn to the fact that the chemical
formula for NHM (Nd,Mo,0,,) as arrived at from the
mechanismn  of reaction kinetics (eqs (1)—(9)) seems
reasonable, as to be having the entities (Nd,0,) and
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7(Mo00,), as supported by the XPS peaks of Nd and
Mo in their oxide states (Figure 2). The possible oxygen
linkages with MoQO, and Nd,0, in NHM are shown
schematically in Figure 4. A careful examination of
Figure 4 reveals that oxygens have two types of linkages,
namely, terminal oxygen (Mo=0) and bridging oxygens
(Mo—-O-Nd). In order to account for the third entity,
1.e. water of crystallization, the third peak in the complex
spectral contour of XPS of O 1s (Figure 3) is attributed
to the oxygen getting coordinated to the hydrogens of
lattice water (H-O-H), whose presence is confirmed by
the IR absorption spectrum of NHM. Thus, XPS studies
throw light on the presence of Mo, Nd and O as well
as on their chemical states, confirming the speculation
of the entities of NHM as MoO,, Nd,O, and lattice
water. Besides this, complex spectral contour of XPS
peak of O 1s has been helpful in understanding the
linkages of oxygens in NHM as well (Figure 4).

The heights and/or areas of XPS peaks, meaning their
intensities, are measures of the quantities of the species
present in the material®®. It is clearly evident from
Figure 3 that the intensity of O 1s relating to bridging
oxygens 1s higher than that of terminal oxygens. Hence,
it may be concluded that, from the viewpoint of structural
aspects, the contribution of the bridging oxygens is

more significant than that of the terminal oxygen
in NHM.
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The Quaterpnary basin of the Gujarat plain is formed
due to the reactivation of Tertiary basement faults.
The uplift as a horst of the Aravalli in the east and
the Saurashtra peninsula in the west, comprising a
culminating event of the post-Mesozoic rifting of the
western continental margin, resulted in the Quater-
nary basin which was later filled up by alluvial
sediments. The basin that received the fluvial sedi-
ments marked the end phase of the Cambay graben
subsidence that was initiated in the Paleocene. The

nature of variation in thickness of the Quaternary
sediments in its different segments indicates that the
basin comprised a series of horsts and grabens.
Yhereas the Early Quaternary tectonism gave rise
to the differential basement topography, the tectonic
events of the Late Quaternary were responsible for
the present landscape development in Central Gujarat.

THe 300-800m thickness of Quaternary fluvial and
aeolian sediments resting upon the Tertiary rocks of the
Cambay basin is the consequence of reactivation of
pre-Quaternary basement faults. The Quaternary basin
1s delimited by marginal faults in the west and east.
To the SE lies the Narmada—Son Lineament, and in the
NE is the Aravalli horst (Figure 1). The basin comprises
several fault-bound structural blocks' which continue up
to Moho boundary®. The Gujarat Quaternary sediments
have been studied by several workers (Allchin er al’,
Chamyal®, Chamyal and Merh’, Merh and Chamyal® and
Pant and Chamyal’); their emphasis, however, was mainly
on the processes and agents of deposition, and on the
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paleoclimatic variations recorded in sediments. Recent
work has demonstrated that successive tectonic events
in the Gujarat region since Cretaceous® have also con-
trolled the pattern of sedimentation and nature of the
sediment body. The Cambay and Narmada basins,
according to Biswas' opened up as a result of the
counterclockwise rotation accompanying drift of the
Indian plate.

The Gujarat plains, in the light of the overall Cambay
basin tectonics, point to an important role played by
differential movements along numerous structural linea-
ments in controlling the process of filling up of the
Quaternary basin  and Sculpturing the present-day
landscape. The movements along tectonic lineaments at
various scales are significantly reflected in (i) the dis-
ruption of an ancient superfluvial system and its re-
placement by the existing drainage’, (ii) development
of ravines along various river courses indicating
post-depositional fracturing, (iii) differential altitudes of
river terraces, (iv) capturing of rivers (e.g. Rupen by
Sabarmati, Orsang by Narmada), (v) differential uplifts
along most major rivers giving rise to a distinct northward
tilting of the respective left banks, and (vi) progressively
increasing subsidence from south to north'".

We have for the first time attempted to interpret the
role of tectonics in the evolution of the Quaternary
basin and its subsequent filling. Obviously, the Quater-
nary sedimentation is found to have been controlled by
the same tectonic features which were responsible for
the deposition of the Tertiaries. With the withdrawal of
the Tertiary sea in this part, marin€ processes Wwere
replaced by fluvial sedimentation, marking the onset of
the nonmarine continental depositional cycles. The
marine sediments of Upper Tertiary show a transition"’
changing over to a period dominantly of fluvial sedimen-
tation during the Quaternary.

The basin that received Quaternary sediments,
obviously, comprised the more or less filled up Tertiary
Cambay basin and marked the culminating phase of the
Cambay and Narmada graben tectonics, though the tec-
tonism preceding, during and post-dating the continental
deposition was an integral part of the Cambay basin
tectonism. ONGC investigations have adequately shown
that the Cambay basin formed during Paleocene subsided
episodically with varying rates and finally during Quater-
nary the rate of subsidence slowed down. It is however,
not unlikely that the Quaternary basin experienced con-
siderable reactivation of the pre-existing faults. These
faults were an integral part of the Cambay basin rift
phenomenon. It is possible that the advent of Pleistocene
witnessed a renewal of tectonic activity and triggering
of a new cycle of subsidence. This neotectonism coin-
cided with the uplift of Aravalli in the east and north-
east'’. An uplift of the order of 300 m of the Aravalli
has been envisaged by Ahmad” during Quaternary. To
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