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INTRODUCTION
Duc to its unique reactivity, cyno group is recognized as imponant building block and is found in larious
bioactive molecules and functionalized materials.lll Cyanamides are useful precuruors and imporlant synthetic
intermediales for the synthesis of biological, medicinal and pharmaceuticalty important hetero-cycles.l2l Since the
cyano group is easy removal from cyanamide and N-alkyl or N-aryl imides,Fl they often represent as a useful
protecting groups in the synthesis of secondary and tertiary amines containing heterocycles.lal Aromatic
cyanamides have also been prepared by both classical and ancient methods.t5l

ln recent years. the formalion of carboD-heteroatom
bondst6l towards the synlhesis oIheterocyclic compounds
has been developed through cross-coupling reactions
using transition-metal-catalysis. Among these, carbon-
sulflr bond forrnation has received much attention due to
the presence of this moiety in many molecules that are of
biological, pharmaceutical and material interest.l?l
Recently the above said moieties containing compounds
like 2-(arylthio) aryl cyan-amides from 2-halophenyl

Table l: StaIldardization for the reaction conditions.

NT]S
l. NH3, Solvent, rt, 6 h

thiourea via domino C-S cross-coupling reaction using
copper as catalyst.lsl But to the best ofour loowledge no
one has reported in the presence ofiron.

Therefore, herein, we wish to demonstrate the one-pot
synthesis of 2-(arylthio) aryl cyanamides ftom 2-iodoaryl
isothiocyanate and aryl iodides using cheap, rcadily
availablc and air stable iron source as catalyst under
milder conditions.

H
N -NHz ll. Phl (1 eq). base (2 eq)

NHC r.1

S

'C
S Catalyst (10 mol %),

Ligand (20 rnol Yo)
100 "c, 6 h

1AHZN NH2 HoAou
L1

NN

Entry Solvent Catalyst Base Ligand
Conversionlbl
A IA

I

2

EtOH
EtOAc

FcISO+)r. HzO
Fer(SOa)r. HrO

KlPOl.3HrO
KrP04.3HrO

100
100

3

4
5

6
1

n-Hexane
n-Heptane

Hz0
DMF

DMSO

FedSOr)r. HrO
Fer(SOa)j. HrO
Fer(SOa)r. HrO
FelSOa)j. HrO
Fcr(SOr)r. H:O

KrPOl
KrPOl
KrPOl
KrP01
KrPO4

3HrO
3Hro
3Hro
3H2O
3H,O

L3
L3
L3
L3
L3

n.d
o.d
70
45
45

n.d
n.d
n.d
55
55
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JalRcactio[conditions: 2-lodophenyl isothiocyanate (l mmol), solvcnt (2 ml-t Aq NHr (2 mt), 6h, room
temperaturc, then, iodo benzen€ (l mmol), catalyst (10 mol 7o), ligaDd (20 mol 7o), base (2 mmol),6 h, 100'C.
[bl Isolared yield. [cl Catalyst (5 mol 70) was used. [dl CsrCOr(1.5 equiv) }las used. n.d. = not detcctcd.
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2Jodo phenyl isothiocyanate reacts wilh aq ammonia in
the presence of DMSO to afford 2-iodo phenyl thiourea
as an intermediate, which reacts with iodo benzene using
iron source as catalyst under below shown reaction

NCS
l- Aq NH3, DMSO, rt, 6 h

lnitially, thc optimization of the reaction conditions
was performed using 2-iodophenyl isothiocyanate as

model substratcs with different solvents at room
temperaturc (Stcp f). We could observe that that the
substrate proceeded reactions with aq NHr atrd itr the
prescnce of OIOH, EtOAc, DMF and DMSO at room
temp€rature to get the corresponding thiourea A in
complete convcrsion, that gratifyingly, proceeded an
domino intra and inter molccular C-S cross-coupling
r€action with iodobenzcne using l0 mol 7o Fer(SO+)r,
H2O, 20 mol o/o Ligznd (1,10-Phcnthralene) and 2

equiv Cs2CO3 at 100 oC temperature to giye target
product lA in complet€ conversion. ln crse of solyent
optimization, non-polar solv€nts like n-hexane and n-
heptane couldn't proceed the reaction. Green solvent
HrO could giye thiourea (l'i step) in 707o conversion,
that couldn't proceed the domino C-S cross-coupling
reaction (2od step). Various bases were cxamined and
among thcm Cs2CO1 could giye target product in
complete convcrsion (Table I, entry l0). Other bascs
(l(rPO4.3HrO, KrCOr and KOH) could give lcss effect
for the formation of target product. In a sct of ligatrds
Ll-L3 screened, L3 was found to be the most effectiye
in comparison to Ll-L2 (Table I, entries I l-12). Both
iron (II) and iron (III) sorrces (Fe2(SO4)r, HzO, Fe
(Norh.gH20 and FeCl2) exhibited a similar catalytic
activity (entries t0 and l3-14). Lowering the amount
of base (1.5 equivalent) or the iron source (5 mol 7o)
led to thc domino C-S cross-coupling reaction to
afford target product in less conversioo (Table 1,

entries 15-16). The reaction was also checked in the

8
9
10
ll
t2
t3
T4

t5"
l6d
t7
l8

DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO

Fe:(SOrh. H:O
Fe:(SOr)r. H:O
Fe1(SOa)3. HrO
Fe2(SOa)3. HrO
FedSOa)3. H2O
Fe(NO1)1.9H1O

FeCll
Fe:(SOr)r. H:O
Fez(SOa)3. H2O
Fer(SOa)1. HrO

KOH
K2COI
Cs2C03
Cs2COl
Cs2CO3

Cs2Cor
Cs2CO3

Cs2CO3

Cs2COr
Cs2CO3

Cs2CO3

L3
L3
L]
LI
L2
L3
L3
L3
L3

25
40

n.d.
75
55

n.d.
n.d-
50
35
79
100

'75

60
100
25
45
100
100

50
65
2t

n.d.
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conditions to obtain the target product as 2-phenytthio
phenyl cyanamide via domino intra and inter molecular
C-S cross-coupling reaction (Scheme 1).

,H
ll. Phl (1 eq), CszCO3 (2 eq)

Fe2(SO4h.H2O (10 mol %),
1 ,1o-Phenanthroline (20 mol %)
100 "c,6 h

Schemc I

absence of ligand, unfortunatcly, the reaction could
give target product in 217" conversion only (Table I,
entr) 17). Coltrol erperiments confirmed that the
rcactiotr dido't proceed (stcp 2) in tbe absence of the
catalyst atrd ligand and the thiourea was recovered
intact (Table I, entry lE).

Having optimization reaction conditions in our hand,
wc further pursued the scopc of the proccss ryith
respect to thc other substrates. Aryl iodides having
clcclron donating groups 4-Mc and 4-OMe procceded
reactions to afford their domino coupled products lB
and lC in 959/0 and 9770 yields, respectively. -Aryl
iodides be&ring Eeak electron withdrarring
substituent's 4-Cl and 4-F could givc their rcspective
target products lD and lE in 917. and 8E%. Aryl
iodides possess strong clectron withdrawing groups 2-
NO2 ard 4-CN gaye their final products in lcss yield.
It might be occurred as thesr have strong clectron
withdrawing capacity. Finall!, we have also checked
reaction with 2,4-diMc iodobenzenc and it could give
t{rget product in decent yicld. Aryl iodide contain
bulkier group 2-'Bu carried out the reaction under
optimized reaction conditioos to give respectiy€ 2-
(arylthio) aryl cyanamide ll in 82o/o yield. Similarly,
phenyl isothiocyanate bearing 4-Me, ,tOMe, 4-Cl, zl-

F, +CN, 2-NOr, 2,4-di-Me, 3,4-di-Me and 2JBu
slbstituents readily carried out reactioo with
iodobeazene to give their linal products U-R in 70-
959/o yields. The above.metrtioned results clearly
confirm that the substrstes hrving electron donating

N
H
N

S

c
S

1A
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and -lyithdrawing groups are compatible with this
process to afford the substituted 2-(trylthio) aryl
cyanamides in good to high yield.

spccies) to yield lron(lll) int€rmediate P. It may give
2-aminob€nzothiozole X through intramolecular C-S
cyclization using bare via intermediate Q. On the
other hand, iodobenzene can undergo oxidative
addition with lror(l) species to give intermediate R,
which can carn' out inter molecular C-S cross-
coupling reaction with 2-aminobenzothiozole X to
afford intermediate S that can complete catalytic
cycle via reductive elimination to obtain 2-arylthio
aryl cyanamide lA.

ll.Arl (1 eq), CsrCOs (2 eq)

Fe2(SOah.H2O (10 mol o/o),

1,l GPhenanthrolane (20 mol %)
100 'c, 6 h

R=EDG&EwG 1A-1t R

According to literature reports and erperimental
evidence the mechanism is proposed (Scheme 2).2-
Iodophenyl isothiocyanate reacts with aqueous NH3
to proyide N-2-iodophenyl thiourea A, which can
undergo oxidative addition with lron(l) species
(thiourea may reduce Iron (lll) to lron(I) active

Table 2: Substrate scopc for the synlhesis of 2-arylthio eryl cyanamid€s.

I
H

NCS N
l. Aq NHl, DMSO, n, 6 h 'c-

S

Entry Substrate Product tsotated yietd (%)b

95

952

88

776

H

H

H

H

.H

H

H

,18

91
1C

10 91

1A

3

4
cl cr

5 1E

1F

IG

1H 90

76
Noz

M€

7

8

I

H

1l 82
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Table 3: Substrate scope for the synthesis of 2-arylthio arvlcvanamides.

H

^'c'* ll.Phl (1 eq), CS2CO3 (2 eq)

,-\--
\,)
Rl

NHCN

^,ai
CS

t. N OMSO, rt, 6 h S

S Fe2(SOa)3.H2O (10 mol %),
1,'1o-Phenanthroline (20 mol %)
100 "c,6 h

Rr=EDG&EWG A
1J-R

Entry Substrate Product lsolated yield (%)b

2

NCS

NCS

NCS

NCS

NCS

NCS

NCS

Noz

Me

H

NHCN

NHCN

S

NH(]N

S

NHCN

S

NHC N

H

S

NHCN

H

1J 95

1K

1L

lM g3

tN 75

10

1P

1Q 8s

L4e

ct3

95

90
ct

4 F

F

N NC

t\.4e

N o2

Me

6

7

70S

t\.4e8

Me

Me

NCS

Me

NCS

S

q

S
1R 77
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Scheme 2: Proposed mechanism.

We have developed neat, clean and efficient
methodology for the synlhesis of 2-halo aromatic
cyanamides. During the reaction process we couldn't
observe any other byproducts (no other products could
observe except cyanamide only). The reactions are rapid
and facile and accomplished under mild reaction
conditions. All the substrates could obtain their target
products in good to excellent yields.
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DEVELOPMENT AND VALIDATION OF A
SENSITIVE AND STABLE HSGC-MS/MS

METHOD FOR SIMULTANEOUS
DETERMINATION OF TWO N.NITROSAMINE
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SUBSTANCES AND DRUG PRODUCTS BY
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Absbact:

Nitrosamine impurities in angiotensin II receptu antagonists containing a tetazole group represent an ugent concem for
active pharmaceutical ingredient (API) manufactu€rs and global regulalcrs. Regarding safety. API manufacturers must
develop methods to monitff the levels of each nitrosamine impurity before individual batdr release. In this study, we
developed and validated a sensilive, selective, and high throughput method hsed on headspace gas chromaography-mass
spectrornetry with Multiple reactioos monitoring mode (MRM) (HSCC-MSMS) for the simuluneous determination of two
nitsosamines, namely, N-Nirrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA) in Omeprazole sodium drug
substances and products by using quality by design approach.

The quantification of two nifosamines in Orneprazole sodium drug substances and products ranged fiom 0.07 ppm
with respect to the sample concentration of 1000 mg/ml with good sensitivity in LOQ level. The limit of quantification is
0.021 ppm and limit of detection is 0.007 ppm for NDMA and NDEA witl respect to tie sample conc€ntation of 1000 mg/ml
with good sensitivity in the proposed method. The calibration curves ofthe assay ranged from 0.035 to 0.105 ppm with limits
of quantitation of 0.021 ppm for NDMA and NDEA. The recoveries of two N-nitrosamines in sel€cted Omeprazole sodium
drug ranged fiom 85% to I l5%. The precision was in the acceptance criteria ofbellow l0olo for NDMA and NDEA. Other
validation parameters, including sp€cificity, robustness, ruggedness, solution stability met the validation crit€ria.

Therefore, this proprosed HSGC-MSMS melhod exhibited good sensitivity and precision, high accuracy, and fast

analysis speed. which provide a reliable method for quality confol of two N-nitrosamines in Orneprazole sodium drug
substances and products. This method is applied for pharmaceutical dosage forms, .esults met the with the specifications. In
conclusion, it will be useful to quantiry the low-level nitrosamines in Omeprazole sodium drug substances and products.

lndex Terms: Omeprazole sodium, N-Nitrmo dimethyl amine, N-nitroso diethyl amine, HSGC-MS/MS, method
development and validation.
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I. INTRUDUCTION

Nitrosamines are organic chemical compounds that may be present in low levels in a variety of producls that people
are exposed to every day. Air, water, and consurner products such as processed meas, alcoholic beverages, cosmetics, and
cigaretle smoke all contain nitrosamines [t]. N-nitrosamines have been classified as 'probable human carcinogens' by the
lntemational Agency for Research qr Cancer [2] and were listed as a representative 'tohort of concem" of mutagenic
carcinogens in the International Council for Ilarmonization of Technical Requirements for Pharmac€uticals for Human Use
(lCH) guidance for industry M7 (Rl) [3]- In 201E, the nitrosamines N-nitrosodiethylamine (NDEA) and N-
nitrosodimethylamine (NDMA) were detected in several API used in the tseatment of h)?ertension and related medicines.
After thorough investigations, regulalory agencies have outlined that the formalion of nitrosamines is possible in the pesence
of secondary, tertiary, or quatemary amines and nitrite salts under acidic reaction conditions. The srarting mat€rials,
intermediates, reagents, solvents, catalysts, active pharmaceutical ingredi€nt (API), or API degradants may participate in
reactions and form nitrosamines in certain processing conditions. Contaminated reaction materials in the manufacturing
process such as recycled solv€nts are a potential root cause of nitrosamines in drug products. Excipients and packing mate.ials
may contain nitrosamine precursors to generate nitrosamines in drug products. Regulatory agencies have guided manufactuers
to follow risk assessment, acceptable intake (AI) limits, and multiple anal,,tical test procedures to control nitrosamines [4, 5].

The U.S. FDA has reported that low concentrations of NDMA have been detected in some metformin products, and
no sample of metformin exceeds the acceptable daily intake for NDMA [6]. When nitrosamine impurities have been detected
in several pharmaceutical products, many countsies announced interim limits for NDMA and NDEA recall based on the
acc€ptable daily intake of the sartan drug substanc€s (valsanan, irbesartan, fimasartan, rosartan potassium, olmesartan,
candesanan), metformin and ranitidine [7,8,9].

Since the Omeprazole sodium poducts produced by several pharmaceutical companies were proven to contain
potential contamination with carcinogenic nihosamine impurities, namely, N-nifosodimethylamine (NDMA) and N-niEoso
diethylamindNDEA) (Fig. l). 5-methoxy-2-(((,1-methoxy-3,5-dimethylpyidin-2-yl)methyl)sulfinyl)-l H-benzo[d]lmidazole is
a substituted benzimidazole compound and a prototype anti-scqctory agen! being the first "proton pump inhibitor" widely
used for the prophylaxis and tseatment of gas,to.duodenal ulcers and for the featm€flt of symptomatic gastro-doesophageal
reflux U0l. There is a potential for the presence or formation ofNDMA and NDEA in the Omeprazole drug substance and
drug product.

Na

II

()m.Drrzol. sodIum
(ihemlcrl Formul.: CfHr.N!N.()jS

Mol!.ultr rPetsht: 363-,10

Literature review has been proved that the multiple analytical methods are also published by regulatory agencies for
the det€rmination of Genotoxic impurities, nitrosamines in various drug substances and drug products by using l- 17]. And
determination Omepazole assay in its bulk and pharmaceutical dosage forms [3],[8-21]. However, no approach is reported
for the t ace-level quaotificatim of NDMA and NDEA in the Omeprazole sodium drug substance and drug produas by using
HSGC-MSA,IS so far. So, our proposed work is very necessary for the quantification of two N-nitrosamine impurilies at low
level in Omeprazole sodium drug substances and products. However, these were not suitable for rapid and high-throughput
analysis in the pharmaceutical industry. Here in, we have developed a simple, sensitive, accuratq and reproducible HSGC-
MSiMS method for the detection of two N-nitrosamines in Omeprazole sodium drug substances and products. The obtained
LODs and LOQS met the sensitivity requiremerits set by FDA. Then, this developed method was validated according to rhe

fntemational Council for Harmonization (IC[I) guidelines 122,23) in terms of sensitivity, linearity, accuracy, precision.
specifi city, and stability.

Based on Contsol of Nitrosamine lmpurities in Human Drugs requirements, FDA has established the interim
acceptable daily intake limits for N-ni&osamines. For two N-nitrosamine impurities specifications are calculaled by the
maximum daily dosage (360mg/day) of Omeprazole sodium. The specifications of NDMA and NDEA impurities were

calculatcd by using 'Accepted Intake timif is divided by 'maximum daily dosage' of Omeprazole sodium (360mg/day).

European Medicines agency has pubtidred the maximum daily intake as 96 ng for NDMA and 26.5 ng for NDEA and no
guidance on suitable acceptable daily intake for rest ofthe possible nitrosamines. By considering the worst case,26.5 ng will
be considered for the NDMA & NDEA nifoEamine which was considered in the eyaluation study. The calculated Interim
limits for NDMA and NDEA are sho'\,r,n in Table-1.
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Figure l: Molecular structures of Omeprazole sodium and two N-nitrocamines
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Name of Nitrosamine
Impurity

Accepted
Intake limit

(ndday)

maximum daily
dosage

(mdday)

Acrepted Intake
limit

(ppm=AVMDD)

Taken
limits
(ppm)

NDMA 96 360 0.27 0.07

NDEA 26.5 i60 0.07

METHODS

Chemicals and reagents

The N-Nitrosodimethylamine (NDMA), N-Nitrosodiethylamine (NDEA) standards and Omeprazole sodium drug
subdance were purchas€d tom local well known Laboratories, Hyderabad, India. Millipore Milli Q purification syst€m was
used from Bangalore, lndia. HPLC grade DMSO was purchas€d from Rankem (Mumbai, India). Mitlipue Milli Q purification
system purchased from Bangalorq India.

lnstrumentation and optimized HSGC-MS/MS cooditiors

Analyses of two N-nihosamines were performed on a SHIMADZU GC-MS-TQ8040NX system. VF-Wax ms
capillary column (30m x 0.25mm i.d., 1.0 pm) was used as the analyical column in this work. MS/MS detection was carried
out on a SHIMADZU TQ-@ triple quadrupole mass specrometer with electron ionization @I) ion source. The GC oven
prograrn utilized an initial oven temperature of40 oC, held for 5 min, raised firstly at 20 'C min-l to 240 "C finally held for 5
min. The total run time l*"s 20 min. Helium as the carrier gas was set at a flow of 1.0 ml/min. The injection volume was t pL
in the split ratio is l0:1. HS Oven temp€ratue, Sample line temperature, Transfer line ternp€rature were set to be 150"C,
160'C & 170'C. HS vial Equilibrating time, GC cycle time and lnjection time were set to b€ l5 min, 30 min & 1.0 min.

Both the interface temperature and ion sourc€ temperature were s€t to be 250'C & 230oC. The MS uas operated in EI
mode at 70 eV with a quadn4pole tempqature of 150'C. The solvent cut time was 5 min and end time was 15 min and
multiple reactions monitoring (MRM) mode was selecled as the data acquisition for the quantitative determination of two
kinds of Nitrosamine GTIs. The pecursor ims and product ions of two N-nitrosamine GTIs, as well as the optimized collision
energy (CE) were summarized in Table 2.

Table 2: Optimized MRIU fragmerts atrd CE

Impurity Name CHl miz CHI CE(V) Q3 Resolution

NDMA 74.00> 42.00 20 Hieh

NDEA 102.00 > 85. l0 ) Hieh
Preparatiotr of Srmple and lmpurity Strtrdard solutions

Preparation of Diluent

Prepared fie homogeneous mixture of DMSO and water in the rdtio ofE0:20 (v/v) respectively and mix well.
Preparation of Nitr6amitre lmpurities standard solutior (0.07 ppm)

Accurately weighr and transfer about 70 mg of each nitrosamine impurity in 100 rnl- ofvolumetric flask and diluted
to the volume with diluent and sonicated about I min (stock solurion-l). Pipette 0.5 mL of the stock solution-l i o a 50 mL
volumetric flask and dilute to the desired concentratioo with diluent ($ock solution-2). Further pipette 0.5 mL of the above
stock solution-2 into a 50 mL volumetric flask and dilute up to the mark wifi dilu€nt (stock solution-3). Further pipette 0.5 mL
of the above stock solution-3 into a 50 mL volumetric flask and dilute up to the mark with diluent (Standard solurion was
prepared with respect to 1000 mgml- ofOmeprazole sodium sample). The sandard Heads pace vials were prepared with I mL
ofthe Standard solutim and sealed the vial with aluminum closure.

Preparation ofOmeprazole sodium Drug substance (10)0 mglml-)

Weigh and transfer 1000 mg ofOmeprazole sodium sample into a 20 mL Head Space vial and add 1.0 mL ofdiluent
and immediately sealed with aluminum closure.

Preparatioo of Omeprrzole Drug product (10fi) mg/ml)

Crush the appropriate number of Omeprazole tablets equivalent to 1000 mg of Omeprazole sodium sample and

accurately weigh and transfer into 20 mL of headspace vial, adds I mL of diluent and immediately sealed with aluminum
closure.

RESULTS

Metbod Optimizrtior

The stationary phase, column length, film thickness, and column diameter have a large impad oo the r€aerition and

peak drape of the analytes. Based on the trial-and-errq mahodology with the litffature rwiew, the optimal seParation of
nitsosamines was achieved when the capillary surFace was modified by polyethylene glycol residues at the length of30 m. The
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optimal chromatographic separation and retention were achieved using a column dimension of 30 x 0.25 mm i.d. and a film
thickness of I pm coated with polyethylene glycol stationary phase. The temp€ratue Fogramming is also a very important
parameter to influence peak separation. An initial constant temperature at 40oC for 5 min followed by an iaclease at a rate of
20"C can provide the b€st separation with a resolution greater than 1.5 between NDMA and NDEA at the retention times of
I1.85 and 12.47 min, respectively. We optimized, HS oven temperature (140- l60oC), Sample line temperature ( 150-170t),
and Transfer line temperature (t60-1E0'C). After optimized, choose the HS oven temperature l50eC, Sample line temperature
160'C, and Transfer line temperatue 170"C. Different diluents were checked, NMP, DMSO and DMF etc. for sample and
impurities solubility. For this sludy, DMSO: Water (80:20vlv) was used, and advantages in terms of volatiliry and polarity
were achieved. More importantly, Omeprazole sodium and impurities are soluble and can be extracted entirely and dissolved
in pre mixed solution ofDMSO: water (80:20vlv).

The GC-MS/MS conditions for the simultaneous determination of 1wo nitrosamines in Omeprazole sodium was
optimized to ensure reliability, selectiyity, and sensitivity. Initially, the mass parameters were optimized to achieve the highesr
sensitiviry with a consistent response. NDMA (rn/z 74) nd NDEA (m/z 102 were tuned on a single quadrupole mass
spectrometer in the clectron ionization (EI) mode under the selected ion monitoring (SIM) acquisition method. These particular
ions were used for quantification. ln addition to the parent ions, the major daughter ions of NDMA (m/z 42) and NDEA (m/z
85.10) were qualitatively monitored for confirmation. Alternatively, the ion ratio calculation between the parenl and daughter
ions was also quantitatively used in the confirmatory objective.

METHOD VALIDATION

The proposed determination method for two N-nitrosamine GTIs has been validated according to the (lCH) guidelines

[9] through the following parameters, such as specificity, system precision, method precision, linearity, LOD, LOQ, acruracy,
Robustness, Ruggedness and solution stability.

Specilicity:

'rr 6

124 130 ,33
Figure 2: Standard two N-tritrosamin€ impurities (NDMA & NDtrA)

System precisiotr

System precision was established by six measurements ofthe standa.d solution at the 100o/o conc€ntration leyels on

the same day. Six injections of standa.d two N-nitrosamines solution were injected into the HSGC-MS/MS system to evaluate
the system precision of developed method. The obtained o/oRSD two N-nitrosamines impurities were not more than l0olo. The

corresponding data is shown in Table 3.

Method precision

The gas chromatographic method precision was verified by analyzing the Omeprazole sodium drug sample

spiked with two N-niaosamines impurities at specification limits. The method precision was vented as mean concentration
quantified and relative standard deviation of six quantified values of two N-nitrosamines impurities. The relative standard

d€viation was noticed as I l0%, which proved that HSGC-MSMS method was precise for quantification of two N-
nitrosamines impurities in Omeprazole sodium drug. The corresponding data was shown in Table 4.

\-Dlfl
71> 12
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To demonstrate the specificity of the proposed method, Omepmzole sodium and the mixture solution of two N-
nirosamine standards were subjected to the HSGC-MSiMS analysis- In Fig. 2, no interlerenc€ peaks in the N-nirosamine
standard and the Omeprazole sodium were observed at the retention times of two N-nitrosamines and resolution was greater
than 1.5 betwe€n NDMA and NDEA at the retentioo times of I1.85 arrd 12.47 min, respectively. This indicates that HSGC-
MSMS method for the determination of two N-nitrosamines in Omeprazole sodium showed good specificity.
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Table 3; System precisioD data for two N-tritrosamitres impurities

No. of lnjections NDEA area

9355

9456

3 8465

4 8726

5 8399

6 8589

ACVG 8832

STDV 459

% RSD 5.20

Table 4: Method precision dala for two N-tritrosamines impurities

No. of Preparati ons NDEA area

I

2

3

4

5

6

9632

9745

9526

97 56

9285

996E

52

233

2.4t

STDV

% RSD

Limit of Detectior (LOD) and Quantization (LOQ)

The LODS were defined as 3 times the signal-b-noise (S/N) ratio, and the coresponding LOQS were S/N = t0.
The marix effect (ME) value was calculated according to the following equation. LODs and LOQs resuls were summarized in
Table 5.

vs,q,=ry":cc
5. O9r, O, aot lttna .-Jrl,

Table 5: LOD aqd LOQ dats for two N-oitrosamiues impurities

Nitrosamin€
Impurity

LOQ Avg.
Area (n=3)

NDM A 5.181

NDEA 887

Linearity

The approach uas verified for linearity in accordance with ICH recommendations. hepare five different
conc€nbations and LOQ conc€ntation fiom *ock solution. The peak area of each level is assessed after injection into the
chromatographic apparatus. A graph with conc€ntration on the x-axis and peak area oo the y-axis issued to compute the
corr€lation coefficient. The linear regression coefficients of determination (r) for two N-nitrosamines were over 0.995 in the
corresponding conc€ntration range, which meant a god linearity and suitable for quantitative analysis. The results and

correlation graphs were summarized in Table 6 & Fig.3.

ACVG

E

Fig.3: Correlation coelficient graph for two N-nitrosamines impurities

NDMA area

53425

55632

5E025

s2s06

s7456

55693

55456

2t69

3.91

NDMA area

59862

58269

59023

55789

56128

58692

LOQ
Concent ation (in
ppm) w.r.t sample

LOQ Avg.
Area(n=6)

LOD Concentration
(in ppm) w.r.t

sample

0.021 t6813 0.007

0.02 t 27tl 0.007
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57961

1640

2.83
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Table 6: Lilearity data for two N-nitros{mines iDpurities

Con.(ppm) NDMA Avg. area (n=2) NDEA Avg. area (n:2)

0.021

0.035

0.053

0.07

O.OEE

0.105

17689

29156

44t21

580,14

73062

E77 t0

2642

4544

6800

3?

12001

t37tI
Correlation coeffi cient (r)

SLOPE

lntercept

Precisior st l-,lOQ

The quantification limit values for two N-nitrosamines impurities were confirmed by precision examination ie., the
determined pelcent relative standard deviation ofthe responses ofsix injedions. The relative standard deviation was noliced as

S l0olo. This confirmed tha! HSGC-MS.MS quantification method is very sensitively precise at LOQ level. The conesponding
data is summarized in Table 7.

Table 7: LOQ precision drtr for two N-oitrocamines impurities

No. oflnjections NDEA area

2933

) 2599

261t

4 2778

5 2498

6 2866

ACVG

1.000

E3 t 873

54

o.99
134187

- t97

STDV

% RSD

The accuracy of the procedure was evaluated by spiking two N-nifosamines with Omeprazole sodium samples
individually at 0.021 ppm (LOQ), 0.035 ppnl 0.07 ppm and 0.105 ppm with respect to sarnple concentration of 1000 mg/mL.
At each level three preparations were dqre. fie results exhibited that the recoveries for NDMA and NDEA in Omeprazole
sodium drug subtances ranged fom 91.69 to lll.3lolo. The accuracy ofthe method was demoosrated by the fact that the
recovery for each impurity at eadr level was within 100 + l5%. The obtained results indicated that the proposed method is
accurate for nitrosamine analysis in the proposed Omeprazole sodium drug substances and drug producls.

Robustness
It assists to find out the effect of slight variations in the different chromatographic conditions. Robustness of the

method was checked by varying the IIS oven Temperature 145"C & 155'C and lon source Tempennue 225"C &235"C. The
standard two N-nitrosamine impurities were injected for six times under each changed metlod parameter. The relative standard
deviation was calculated at each varying condition and obtained results (7o RSD) were not more than l0olo.

Ruggedness
Ruggedness ofthe method was evaluded by performing the sample analysis in six replicates using different analysts

on different days. The 70 RSD was calculated for day wise and analysts wise as well as individual and cumulative for two N-
nitrosamine impurities and the results were obtained within the acceptance criteria (RSD is not more than 10.0%) indicating
the method is rugged within the specified range.

Solution stability
Solution stabilities of two N-nitsosamines impurities in diluent solutions were evaluated by preparing specificalion

level (0.07ppm) standard solutiors and analyzing them every 6 h, l2 h, 24 h & 48 h against a freshly prepared standard. All the
solutions were kept in the dark place at 25"C. Clearly, the percentage variation of these stock solutions was in the range of
100+ I0olo which indicated that these stock solutions were stable for at least 48 h.

27'14

171

6.29

NI)MA area

16856

t6236

17E65

15999

16456

r 7586

r6833

752

4.47
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Applications in Omeprazole dosage forms
This HSCC-MS/MS analytical method was used to determine two N-nitrosamine GTIS in commercial Omeprazole

products, and no N-nitrosamines were found in commercial Omeprazole products. Therefore, the proposed mehod can be
confidently employed for the Omeprazole products containing the pharrnaceutical two N-nitrosamines impurities. So, it can
be used in &e routine quality control ofdoeage form in Phama industries.

DTSCTiSSION

Analyical quality by design (QbD) [23] with HSCC-MS/MS method was developed for quantification of two N-
nitrosamine CTls in Omeprazole sodium drug substances and combined dosage forms. Target profile was retention time, plate
count and resolution. The developed method was validated according to ICH guidelines [9]. Different method validation
parameters like linearity Co-relations should not less than 0.995. The percentage recoveries at each level are between 85.07o
and I15.0%. LOD for NDMA and NDEA is 0.007ppm and LOQ for NDMA and NDEA is 0.002lppm with respect to
Omeprazole sodium sample concentratiori. The %RSD is obtained less than 10"/o for system precision, method precision and
ruggedness and robustness. As per our proposed HSCC-MSMS method, sample and standard solutions were stable up to 48
hours. And this is method is applied for pharmaceutical dosage forms. So our proposed work is when compared with other
literature works, method was found to be novel, simple, sensitive, accurate, precise, economical, and rapid for the estimation of
two N-nitrosamine impurities in Omeprazole sodium drug substances and combined dosage forms.

CONCLUSION:
ln this work, the HS-GC-MS method was developed and validated fior the quantitation of NDMA and NDEA in

Omeprazole sodium drug substances and &ug products. The headspace injection technique was applied to serve as an online
sample preparation in residual impurity analysis, thereby offering benefits conceming the efficient removal of potential
int€f,ference and High-tfuoughput routine analysis. The complere method validation was performed using the Q2(Rl) ICH
guidelines [9]. The method should be further fully investigated for its accurary, precision, and other validation parameters

using the acc@tabl€ limits of nitrosamines in €ach substance. The LOQ and LOD ofthe developed method were frr below the
US FDA and EMA interim limits of the corresponding nitrosamines in Omeprazole sodium drug substances. The overall
results indicated that th€ developed method is reliable and useful for daermining the levels of two nitrosamines in Omep!-azole
sodium drug substances and drug products.

LIST OF ABBREVIATIONS:

APCI: Atrnospheric pressure chemical ionization; HSGC-MS: Head space gas chromatography mass spectroscopy; MRM:
Multi reaction mentoring; APIS: Actiye pharmaceutical ingredients; FDA: Food and Drug Adminisaation; GTI: C€ootoxic
impurity; El: Electron imization; SIM: Selected ion monitoring; ICH: lntemational Council for Ilarmonization; LOD: Limit of
detection; LOQ: Limit of quantifcatiqr; MRM: Multiple reaclions monitoring; NDMA: N-nitrosodimethylamine; NDEA: N-
nitrosodiethylamine; DMSO: Dmethyl sulfoxide; RSD: Relative standard deviation; S,N: Signal to noise.
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I\TRODT'CTION

Eudosulfal is an off pateot organo cblorine irsecticide and

acaricide that is being phased out globally. Endosulfan

becomes a lrigbly co[trovenial agrichemicalldue lo its acule

toxicit-r/. Potential lbr bioaccumr ation and role as an

eldocriue disruptor. because ofits threats to human health atrd

the enirounent. a global ban on the rnaurtfacnre and use of

Eudosult-al \as uegotiated uuder dre Stockholm col]\entioo iu

April :011. Ilore thaq 80 courtries hcludirg tbe Europea[

UrroD. ArEtralia. Nerr Zealand several vest Africar uatious.

the Uuited States. Brazil. aud Calada bad already balred it or

anuonuced plnse outs by the iteru the Stockholm conleutiou

ban was agreed upon2. It is still used extensively in tndia,

China, and few other countries. It is produced by Makhteshim

Agan and several manufacturers in lndia and China despite

laws against its use. It is also used in few countries.

Endosulfan is a derivative of hexacliorocl'clopeutadiene. and

is chemicall;- like aldrin. chlordale and heptachlor ald it is

obtained by Diels - Alder reactiou3. Eudosr tan is one of the

most toxic pesticides in the Darket today. It is used in

agricrrlnre seclor to coutrol imecr pests iuclnding nhite fly.

aphids, leaflnppers. Colorado potato beetles and cabbage

worms. Due to its uniquc nrodc of actiou it is usefirl iu

resistance managemed: borveler. as it is not specific. it can

negativelf impact popl atiou of benelicial iosects. It is.

hot*'erer. cousidered to be nroderately toxic to hooey bees. and

it is less toxic to bees thao s4nlspharpbarg insecricides.

Endosulfau is acutely leurotoxic to both irrsects atld

nrall]Inals. i.octuding hurnarx. The US EPA classihes it as

Category I: 'tligfrly Acltely Todc" based oll a LD50 ralue of

30 mg&g for female 136. rhile the World llealth

Organization classihes it as Class II "Moderately Hazardous"

based on a rat I-D50 of 80 mg&g. It is a chanuel aqtagodsl.

and a Ca:-. Me!+ATPaseinhibitorl3

cl cr

-Cl
CI

cl cr

Flgurr l. Struct[r'e of EndosulfrD

A major part ofthe world's commercial food is being supplied

from fish source and it is essential to secu.e the health of

fishes. ln India, as much as 707o ofthe chemical formulations

employed in agricultural practices are believed to affect non-

O-...arO
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Paper litle: - Study the lmpact ot tndosultan Pestrcrde on behavroral responses rn the l-resh Water l-tsn Labeo Rohtta

larget organisms and to find their way to fteshwater bodies

ultimal€ly polluting them. Labeo Rohita (rohu) is an

herbivorous cyprinid fish thar iohabits the Eopical lowland

river systems of Paki$ao, northem India, Nepal, Bangladesh,

and Myanmar. Rohu is the most important ofthe Indian 'major

carps' and is the world's lfth highest cultured finfish by

productioo l'olumc. Tbc major prodrrcing coumries arc India.

Bangladesb" aod Myannur. Rohu is also a substantial

component of stock enhance[reot progralDs in floo@lains and

open watcrs il these countrics. and it bas been widely tram

located bob rvithin and cxternal to its mtural raatc. IB higt

gro$th poteniial. coupled with higtr consumer prefcrua

bave establishcd rohu as thc most irDporta Aeshcdcr spccic

cxtmred in lDdia. Baogladesh. aod otier adjer counrrics in

rh€ rcgioq.

Figue-la: Fresh $ater fish Labeo Rohita

VATERIAJJ AITD METEODS

lnbeo Rohita hnger lings weighing 5*0.5 gram and average

leugth of 7 cru utre collectcd ftom th Gol'eromeat fish sced

lbnn at Poru m. Gurtur Distdct. Aldhra Pradesh India and

acclimatizcd lo laborator-a conditioos for 7 dals il large

plasdc rubs pretrousls lashed lith potassium perunogaoatc

to frec ralls &our aq microbial grotth physic cbeoical

chalacters of rvater sas lbllostd APHA \{erhod4-

Acclilutizcd coMitious arc ternperature :7- l0c. pH:

6.8-0.05 ar l70c and dissoh'ed Orygetr {D.o) 6.9 lo 7.{ mg

L-1. Io actualization tirDe. $'e have supplied food regularly by

couuncrcially available fish feed. For this iuvestigation

techuical grade Endosulfan (91.060o) $"s used and brottgltt

fiom Agrochemical Industries Limited Guntur, A.P. India.

Pesticide column 250 mm length and 4.8 mm diameter

samples Iiltered lhrough PALL life sciences filter paper 0.45

mic. Membrane l3 mm diameter size. Preparalion of sample

solution: We have taken the effected organs form pesticide

induced fish into boiling test tube and added the pure Hexane

(AR) then boiled. After heated fish absorbed p€sticide settled

at inside of the test tube walls, and then rcmoved the fish

organ Aom the test tube bottom and again added hexane for

dissolving the pesticide in the tcst tube walls. This sample

solution is used for the behavioral study of pcsticide induced

fish by using IIPLC analpis. A-oalysis of Endosulfin by

IIPLC: CoocenEadons of Endosulfrn in th3 rest m€dium was

coofirmcd by High-perfonnance liquid cbronutography

(HPLC) and this merhod described by l{r. Jobnsod. The

HPLC aoalysis was qperculated by llsitrg a tMetccror with a

mobilc pbase. Mobile phase coosisting of acetonitrile (209';).

walcr (200,6). and metharol (6oqo) then run though a Cl8

column rvitb a flow rate of 1.0 ml mhute ard then analyzcd

ttc peals of Eodosnlfan ir saoqple solutions.

Trblc l. Ccucmtntloo of Endosulllr pcrdcld. ob!.rkd
b tl ortrB

rEI rEl !,ra:d

The protein changes are obsen'ed il rariors tissrrcs aher the

pcticide induced along with coutrol rvas grapbicalll'

represeoted in Figure 2.

ilILIL
li,
Ii:I ,,,

!:;

rct

llx, :@ ]lr, tfi sd 6nt :0D
.ir..r4-dftLL5.

Eao a. P..rorb MD Dy r3r dtir.dth yd.-

RESULTS AND DISCUSSION

Proteins are primary imponance of the living world and only

because of their peculiar biological specificity among various

types and these are responsible for many metabolic changes in

total fish organs. These proteins are main energy sources to
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play an imponant role in the maintenance of blood glucose6

(Fig 2). It is the most fundamental biochemical constituent

present abundantly in the body offish and this result presented

in Table L The insignificant alterarion ofproteins at the end of

45 hours and it was observed in the tissues suggesring that the

fish tend to resist $e sudden stress for shorter durationT. Later

1\ith iucreases of tiure &e dccreases of protein coute[t. The

sigulicaut aud rnanimuur depletion rras obsen'ed in the [Ead

atd nriniuruur ir rnuscle. Hoseter. ilcleases of corsuutr

conceutratiol of lhe pesticide decreases 6e pro(eiu in tissrEs

of the fish Labeo Rohita the preseut analysis coincides with

the reponed data that the protei[ cootent in nusclc and livcr8-

ll. Fomration of Aniuo Acids: After corxumiag of the

pesticide. proleiDs \ere degraded ard to form amino acids.

then chauge the sequence of aruino acids from origirul

sequence irt tbe isoprop.yl alcobol mdiunr In this chapter. u'c

can repod the urasuring of amho acid quautiry aftcr

degtradatiou of protcins in fish body by applying thc

chlorplritbs pesticide. Ilr th.is rescarch rvodr, aficr thc

coostuued th( p€sticides. proteins are degra& a.r:d to form

auim acids. theu chauge tbe sequeuce of amino acids fron

original sequerce ir the isopropyl alcohol mdirm. ll tl s

paper st hare repon the measuing of amino acids quantity

after degradation of protcins h hsh body by applllg thc

Endosutfan pesticide itr 6sh. Thes€ resulrs arc shonn in Table

l
Trbk 2. Endosrtr n pcstlcldc clrrct o! nsh boq'

ti-r-r..hr&.r&LEffid.g

i
II
t

I rull,tlllI

Try?tophan amioo acid is uot affected iu protein dqradatiou

al lorr co[cenlratiom. But Tyrosirc r'aline. Leucine is

degraded at all concentration of Eudosulfau pesricide. These

res lts are shol1o irl figrue1.

APPLICATIO:'iS

Dtrc o the fomration of amiuo acids by degradatio[ of

protei$ sith co[ceuEatiou of pesticide be behavioral and

rmrpbologrcal chauges occru il the freshsatcr fish

LabeoRohita.

CONCLUSIO\S

Thc prescnt stud-y proved rhat rbe Eodosultan is higl ], ro:,iic

and detriruental impact ou the behavioral respouses of l-abeo

Rohila at sub level couceutntion and ar_y alteratiols carsed by

the pcsticidc may lead to rariations of total proteins in fish

body. Thcrcforc, the amount of Endosr fan peslicide in lhe

aquatic systcrns should be modtored lhetr co[trol lhe usage

pslicidc because tbe deseasbg nuria ilent ralue and

monality of fish- Tbe histqpathological chaug.s in certain \ital

tis$es lila head. gill. liver. mrsclc and digestile system iu the

fish Labeo Rohita exposed to sub lefral aud lethal

comenrrariom of Chlorplrifos. Cpermetbriu ard Erdosulfan

wcrc sndied. Eodosulfan caused bigbll nurkcd patholopucal

cbanges irr tbe gtl thau liler and digestive s!'srem. Endosulfan

also caused profound pathological chalgcs ttuder cluouic

exposures iu liler tissues of the fish Lab€o Rohita. All these

chauges irdicate tbe hepatoDa toxic Danue of Eodosulfa|

Since Eldosrrlfal is ru Clrlorinated Hydrocarbou compouud. it

is neruo poisoos.
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COMPOSITION AND METHOD FOR THE PREPARATION OF NANOPARTICLES

WITH CONTROLLED RELEASE PROPERTIES FOR DRUG DELIVERY

APPLICATIONS

FIELD OF THE INVENTION

The present invention generally relates to drug delivery applications. More specifically, the

invention relates to composition and method for 6e preparation of naooparticles with controlled

release properties for drug delivery applications.

BA(]KGROUND OT' THE I\VENTIO\

The field of drug delivery has witnessed significant advancements aimed d snhaneing thelapeutic

eflicacy and patient compliance. One promising approach involves the use of nanoparticles as

carriers for controlled release of therapeutic agents, These nanoparticles provide numerous

benefits, such as improved drug stability, targeted delivery, and prolonged release kinetics.

Traditional drug delivery systems often suffer from limitations such as rapid drug degradation,

non-specifrc distributioq and insufiicient drug concentrations at the desired site of action. To

overcome these challenges, researchers have explored the use of biocompatible polymers to

encapsulate therapeutic agents within nanoparticles. This approach offers several advantages,

including protection of the drug from enzymatic degradatioq controlled release kinetiss, and

enhanced bioavailability.

Poly(lactic-co-glycolic acid) (PLGA) is a commonly employed biocompatible polymer in

nanoparticle-based drug delivery systems. PLGA possesses desirable properties, such as

biodegradability, biocompatibility, and tunable release kinetics. By adjusting the ratio of lactic

acid and glycolic acid unia in the polyner, the de$adation rate and release profile ofencapsularcd

drugs can be precisely controlled.

3



would offer precise control over the release kinetics, enable targeted delivery to specific cells or

tissues, and improve therapeutic outcomes.

In light ofthese considerations, the present invention provides a novel composition and method

for the preparation ofnanoparticles with contolled release properties. The invention addresses the

limitations of existing drug delivery systems, offering an innovative approach to optimize drug

delivery for various applications, including oral, intravenous, transdemnl, and inhalation routes.

BRIEF DESCRIPTION OF THE FIGT,IRES

FlG. I : Schematic diagram of the pulse-heat aerosol reactor (PHAR) system used for synthesis of

nanoparticle matrices with controlled properties comprised a pulse-heating zone followed by a

perforated diluter and an isoaxial sampler. The key variables in aerosol reactor design were

maintaining laminar flow of the aerosol and minimizing particle losses by diffirsion and

sedimentation and provision for imposing pulse-heat with alternate heating and quenching by

dilution air.

FIG. 2: Number particle size distributions ofnanoparticle aerosol lipid matrices synthesized using

stearic acid in cyclohexane solutions at gas temperature of298 K and 383 K (pulse), of varying

concentrations, (a) 0.01 mg'cm-3, (b) 0.1 mg'cm-3, (c) I mg cm-3 and (d) l0 mg cm-3,

measured using scanning mobility particle sizer. The mobility diameters ranged from 47-183 nm

with a unimodal distribution and geometric standard deviation of 1.5-1.8.

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses a composition and method for the preparation of nanoparticles

with controlled release properties for drug delivery applications. The composition comprises

biocompatible polymer matrix nanoparticles encapsulating therapeutic agents, while the method

involves a series ofsteps to achieve efficient and targeted drug delivery.

5



centrifugation, filtration, or dialysis, ensuring the production of highauality nanoparticles suitable

for drug delivery applications.

In addition to the core stepq the method can also involve optional modifications to the surface of
the nanoparticles. This can be achieved by attaching targeting ligands to enhance the specificity of
drug delivery. Targeting ligands can include antibodies, peptides, aptamers, or other molecules

that recognize specific receptors or markers expressed on target cells or tissues.

The resulting nanoparticles exhibit controlled release properties, allowing for sustained drug

delivery over a predetermined period of time. The release kinetics can be precisely controlled by

adjusting the properties of the polymer matrix, including its molecular weight, composition, and

degradation rate. The composition and method provide versatility in tailoring the release profile to

match the therapeutic needs of different drugs and diseases.

The nanoparticles prepared using this composition and method can be fomrulated into a drug

delivery system by incorporating them into a pharmaceutically acceptable carrier. Such carriers

can include gels, creams, or injectable formulations, depending on the intended route of

administration and desired application.

The following specific example is not intended to be limitive but only illustrative.

FIG. 1, a prototype pulse-heat aerosol reactor (PHAR) was desigred and fabricated for control of

particle properties through aerosol dynamics. The pulse-heating zone has an internal diameter and

heated length of 38 mm and 80 mm, respectively. The aerosol flow rate was fxed at 3 L min-I,

with a flow Reynolds number of-109 and a pulse time ofone second. Stokes number for atomized

droplets (mean diameter 300 nm) flowing in the reactor is in the order of 10-5, implying that

droplets follow gas streamlines and do not undergo impaction. Evaporating droplets flowing along

with the gas streamlines are expected to undergo negligible drop breakup, internal solute

circulation/motion and asymmetric solute concentration distribution. Thus the droplet evaporation

process is expected to be uniform leading to isotropic particle properties. In the prototype PHAR,

heating was provided to the pulse-heat zone to attaitr a gas temperature of(low and high 383+l K)

using heating tape of 250 W. Gas temperature in the pulse-heat zone was measured using a

platinum resistance temperature detector (RTD, PT100) interfaced with a digital controller. The

magnitude of temperature was fxed based on the required evaporation rate to produce particles of

7



proteins, peptides, nucleic acids! vaccines, antibiotics) for treatment of various diseases and

disorders.

Example Illustrating the Disclosure

Experiments were done to produce stearic acid nanoparticles, in PHA& with controlled size and

morphology at varying evaporation rates. The pulse-heat aerosol reactor (PHAR) system used to

study effect of pulse-heat on synthesis of nanoparticle matrices (FIG. 4) comprises ofa collision-

type air jet atofiizer. The atomization device could also comprise of any device based on

ultrasonic, electro spray, evaporation-condensation or FEAG principle of aerosol generation. The

PHAR is designed with a pulse-heat zone, wherein a heat pulse ofcontrolled temperatue (heating

element) and duration (flowrate of gas) is applied to the droplet aerosol to control the rate of

evaporation. A perforated-wall aerosol diluter is provided to quench the temperature and aerosol

dynamics mechanisms immediately after the pulse-heating. A scanning mobility particle sizer was

placed downstream for measurement of mobility diameter. Any other nanoparticle size distribution

measurement device including, ELPI, hypersonic impactor can b€ used inlieu ofor in addition to

the SMPS. The standard upstream pressure ofthe atomizer was 35 psig. The solution, of lipid in a

selected organic solvetrt (stearic acid in cyclohexane of varying concentrations, 0.01 mg'cm-3,

0.1 mg'cm-3, I mg'cm-3 and l0 mg'cm-3), was fed with a syringe pump at a flow rate of 0.6

mUmin. The resulting atomized droplets were suspended in a nitrogen flow through the PHAR,

where droplet evaporation at a controlled rate, followed by quenching of aerosol dynamics was

used to produce nanoparticles with controlled size, morphology and crystallinity.

Stearic acid nanoparticle matrices of mobility diameters of 47-183 nm, with a unimodal size

distribution of geometric standard deviations (GSD) (1.5-1.8), were obtained in PHAR by fixing

the gas temperatures, at 298 K and 383 K (pulse), to obtain the varying evaporation rates. For a

given concentration, stearic acid nanoparticles of smaller mobility diameters were synthesized at

lower evaporation rates, while nanoparticles with larger mobility diameters were synthesized at

higher evaporation rirtes. The differences in the mean mobility diameters of stearic acid

nanoparticles synthesized at higher evaporation rates, using larger concentrations (l mg'cm -3

and l0 mg.cm-3), were statistically significant (at the 95% confidence level; P:0.002, by t-tes$

than those synthesized at lower evaporation rates (Table 1). TEM images of nanoparticle matrices

(FIG. 3 a), synthesized at 298 K using stearic acid in cyclohexane solution of l0 mg crn-3, showed

I



UWE CLAIM:

A composition for drug delivery comprising:

. Nanoparticles comprising a biocompatible polymer matrix; and

o A therapeutic agent encapsulated within said nanoparticles.

2. The composition of claim l, wherein said biocompatible polymer makix comprises poly

(lactic-co-glycolic acid) (PLGA).

3. The composition of claim l, wherein said therapeutic agent is selected from the group

consisting of small molecules, proteins, peptides, nucleic acids, and combinations thereof.

4. A method for preparing nanoparticles with controlled release properties, comprising the

steps of: a. Dissolving a biocompatible polymer in an organic solvent to form a polymer

solution; b. Adding a therapeutic agent to said polymer solution to form a drug-polymer

solution; c. Emulsi$ing said drug-polymer solution in an aqueous phase to form an

emulsion; d. Removing the organic solvent from said emulsion to obtain nanoparticles with

controlled release properties; and e. Collecting and puri$ing said nanoparticles.

5. The method of claim 4, wherein said organic solvent is selected from the group consisting

of dichloromethane, chloroform, ethyl acetate, and combinations thereof.

6. The method of claim 4, wherein said aqueous phase comprises a surfactant to stabilize the

emulsion.

7. The method of claim 4, further comprising the step of modifuing the surface of said

nanoparticles with a targeting ligand.

1l



COMPOSITION AND METHOD FOR THE PREPARATION OF NANOPARTICLES

W]TH CONTROLLED RELEASE PROPERTIES FORDRUG DELI!'ERY

APPLICATIONS

The present invention relates to a composition and method for the preparation of nanoparticles

with controlled release properties for dmg delivery applications. The composition comprises

biocompatible polymer makix nanoparticles encapsulating therapeutic agents, providing a

platform for efficient and targeted drug delivery. The biocompatible polymer matrix, such as poly

(lactic-co-glycolic acid) (PLGA), ensures biocompatibility and conrolled release of the

therapeutic agents. The therapeutic agents can include smalI molecules, proteins, peptides, nucleic

acids, or combinations thereof. The method involves dissolving the biocompatible polymer in an

organic solvent to form a polymer solution, followed by adding the therapeutic agent to obtain a

drug-polymer solution. This solution is then emulsified in an aqueous phase, forming an emulsion.

Subsequently, the organic solvent is removed from the emulsion, resulting in the formation of

nanoparticles with controlled release properties. The nanoparticles are collected, purified, and

optionally modified with targeting ligands for enhanced specificity.

l3
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emission waveletrgths. mating them suitable for emciert lighl abso.ption aDd powcr convcrsion in photovoltaic dcvices. Thc ecthod b€gins by
pmviding a prccuasor solulioE containing s€Eiconductor Etatends ard capping ligands. Thc reaction conditioDs, includitrS tcopcratutr, prcssul!. and
rcactioo titrE, arc car€fully cotrtrollcd to promote the gowth of quatrtudr dots with spccific propcnics. The size ofrhe quantum dots is cootrollcd by
adjusting Sc concotration oflhc precut'sor sotutioE aad thc reaction tirre, whilc tbe compositiotr is oanhulatEd by varyiog the stoicbioEcty of thc
s€miconductor materials.
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(57) Ahstract :

Thc preseat itr\,eohon relates to lhe syothesis ead epplicatioo of copper mangarcse dopc-d nickel o\rde narDparticles as a versslile

ageot for antimicrobial aod aDticetrcer frtetme . The aanoparticles art carcfullt ryothesized \rith controllcd sizes aod compositiotrs.

They oihibit brord{oDtruo ,ntimicrobial &rtivit} against bsctEria, lttrgi, ad Yfuses, while s€lqrti\clJ- io&kring cylotoxirilv in

cancer cells. Thc Daaoparticles can trc frractionalizsl with targethg ligaads for spclitic deliver) to tumor sites, eohancing their

efficrc!. in iDhibiting nxnor gosth. Coating mcdical deviccs rith thcsc aaroparticles reduces thc risk of device-.ssocial€d irfectlons.

Addihomlh, thc nanoperticles can bc used m phermeceutical cornpositiorN for combined sntinricrobirl and mhc?Itrcrr lh€rap).
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(57) Abstsact :

7. ABSTRACT This research delles into the evaluation and enhancement ofa Fe3O4 rnagnetic nanocomposite tailored for dte

effectile remoral ofheary metals fiom diverse aqueous solutions. The significance ofthis work lies in its direcl applicatioo to
entironmental and industrial contexts, \}llere heaq nrctal contamination poses a serere threat. The studl scrutinizes the
nanocomposite's resilience under various enrironmental conditions. mcompassing shilts in pH lelels- ionic strengllts. and temperature

ranges. all ofnfiich are pivotal in real-uorld apptications. Moreoler. it delves into the fine-hming ofits characteristics. focusing on

optimizing its hearl metal adsorption capacitv and magnetic b&a\ior for efhcient post-capture separation. The culminarion of this
research holds geat prcmise for addressing critical challenges in healy maal remediation, ofering a sustainable, efrcienl, and

customizable solution nith substantial benefits for enrironmental and human I'ell-being.

No. ofPages: t3 No. of Claims: l0

The Patent Office Joumal No. 5l/2023 Dated 22/12/2023 91591



( I 2) PATENT A?PLICATION PTJBLICATION

(19) rNDIA

(22) Date of filing of Application :09/l l/2023

(2 I ) Application No. 2|234lo'l 61 18 A

(43) Publication Date : 22/ I 2/2023

(54) Title of the invention : CHITOSAN STABILZED FE3O4 - MAGNETIC NANOCOMPOSmE SYNTHESIS.
CHARACTERIZATION. AND VERSATILE APPUCATIONS

(5 t ) Intemational
classification

(86) lntemational
Application No

Filing Date
(87) Intemati onal
Publication No
(61) Patent ofAddition
to Application Number

Filing Date
(62) Dirisional to
Application Number

Filing Date

:A'6l Kfi)491 8C,S00, B0l J002028fix,0.
c02F0001280000. A61K0049080000.
882Y0025000000

NA
NA

NA

NA
NA

NA
NA

(71)Nrre ofApplicrnt:
I )GOVERNMENT COLLEGE AUTONOMOUS

Ad&ess of Applicant :Y. JI]NCTION- Raj amahendrar aram -
533103. Andka Pradesh I-ndia" Tel: 0883 -247 5732. Ematl
gcrj! 1853 a.gcrj).ac.in EasI Goda\ari 

-_ 
----N{fle of Applicatrt : NA

Address ofApplicart : NA
(72)Nrme of lnvcntor :

I)DT P V S SATYANARAYANA REDDY
Address of Applicant :GOVERNMENT COLLEGE
AUTONOMOUS, Y. JLNCfiON, Rajanuhendralaram - 533103,
Andhra Prades[ India. Tel: 0883-2475732: Ernail:
gcrjl l85J a gcrjr .ac ln Easl Coda\,ari 

- -

2)Mr B. DURGA LAI(SHIifI
Address of Applicant :GOVERNMENT COLLEGE
AUTONOITIOUS, Y. JLfNCTION, Rajamahendrar aram - 533103.
Andfua Pradesh India Tel: 0883-2475732: Email;
gcrjf I853'algcri! .ac.in Raj amahendravaram

3)Prof RAMACHANDRA R K
Address of Applicant :GOVERNMENT COLLEGE
ALIONOMOUS. Y. JUNCTION. Rajamahendral aram - 533103.
Andhra Prades[ tndia Tel: 0883-2475732: Email:
gcrjl lli53i4)gcrj\'.ac.in Rajamahendravariun 

-- 

+_.
4)Mr, B. VAlltSI KRISIINA

Address of Applicant :GOVERNMENT COLLEGE
AUTONONTOUS. Y. JUNCTION. R4amahendravaram - 533103.
Andhra PradeslL lndia. Tel: 0883-2475732: Email:
gcr11'l 853 iz)gcrj1 . ac. in Raj amahendravaram

s)Dr.T. KVISWESWAX.A RAO
Address of Applicant : 'S A S GOVERNMENT DEGREE
COLLEGE NARAYANAPURAI( Andhra Pradesh. India. Tel:
9 440229)2a : Ematl : dnl rao. 4gcqiy-'. ac.in "
N,ARAY,{NAPURAM

(57) Abstract :

7. ABSTRACT The inlefltion pertailrs to (he qlthesis and characterization ofa chitosan stabilized Fe3O.l rnagnetic nanocomposite.
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SECURITY THREATS AND MEASURES AND HOW TO OVERCOME FROM IN SUPERIOR CLOUD

rDr.Srinivrsr Rrvi Kiran.T, zDr.Putta Baburao and 3Bilugudi Presenth
rHoD & Associate Professor,Departrnent of Computer Science,P.B-Siddhartha College of Arts & Science

Vijayawada, A.P, lndia
2lecturer in Mathematics,SAS Govemment Degr€e College, Narayanapuranr, Eluru District, A.P, India

r22MCA54, M.C.A Student Department ofComputer Scieoce, P.B.Siddhdha Colege ofArts & Science, Vijayawada, A.P, India

conlid€otiality for persoml inforrmtioq and measul€s
b preveot data lcs.

Absfilct--4otld computitrg ls e hlghlr popuh
terhtrolosr knolr for lt! cost-€iffecdveness,
rcllrbflltv, Inpld rcftss, n€dbt[(v, flDd releblllty
for. computer opefrtlons- Thr IT lnd$try hes
n'ltn6s€d slgdnmnl $owth ltr dotrd coryudry
rdoptiotr. How6'€r', IT orgenlzaforr hn'r mls€d
concet.m }egarding s(ur{t! ln doud computrrg due
to thr outsoutrltrg of ersentlrl ieta'lcrs to thtd
pertcE mldng lt cbrlmgitrg to meltrtdn drtr
seflrd(v md corndentlruty. Ihls prpel offers
fudghts lnto srfldty thmrts {ssoclitd wlth clord
romputing rnd suggrsts potflthl mnlltcnneslrres"

Kr]ryordgloud Computltrg, Srrutt!', Thr.rrts,
Cotrndcrthlltr'.

Inttrdtrctlon
Cloud computing offent a rElge of computing services.
inctuding servErs. sorage. datebases" netwo*ing.
software, aod anstytics, deliver€d over tbe itrrernet. It
functims as a network for sroring and sharing
rcsources. Itr the cloud. you pay only for the services
y(rr use, such es $orege otr I pey-as.yor-go basis.

reducing op€radng coss and impoving o1gariz4i66l
efficiencf . In cloud €avirmmeotr multipte vimml
rucbines can mexist on the same physical sentr
in&e$ructure.

Fig. 1. Hvper Cycle for Cloud Security, 2020.

1.1 \'I tunllzrdon:

Cloud computing rclies on viroslizatioD" wherc
various vinual machiEs c8n op€rare with different
operating systems ad run mrltiple applications
while sharing a si 

"gle undedying physical comFler.
This approach prelrnB clqld rrndors Aom the
burden ofproviding individral phJ.sicel resouces to
each orsomer. In$ead. it enables efficieot resource
utilizati on in the clond. ma king virtualization a sman
choice.

I!
I

he main coacems of many ft organizations relrclve
around aeas like extemal dara sttrage. reliance otr tbe
public intemet. limited controt. mrlti-temacy, and

integation with intemal sec'urity sysrems. Cloud
comFrting differs Aom outdated technologies due to its
vssl scale and corylete distributio ond vi$etization of
rcsourcrs. To ensrre secrrity in the cloud. it is cmcial
to implemeat mechanisms like robus autbndcation.

I I TW6 of Cb[d ENirctrmrtrts:
Public. Private. Hybrid atrd coDmuniry clouds.
Public Cloud: A public ctoud is s&nderd modet
n{rich proliders make se!,tral resouces. $rch as

applicatiom aod storage, available to the public.
Publ-ic cloud servic€s may be &ee or not.
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PrivaE Cloud: A private cloud refe!'s to cloud
coEputiog resources used exclusively by a single
business 6 orgarization, A priaare cloud cerl be
ph]6ica11y loceted on the compony's oo-site data
ceoter. Some compani6 pay ro third-party service
providers to host their private cloud. A private cloud
is oe in r*&ich tbe rervices srld i,rfrsstructrlle ate
oeintaiEd oo a private aetwork [5].
Hybrid cloud: Hyb(id cloud is a corrbinatioo of both
public a,rd privaE cloud rhat provides and coduols
some lesources irlternslly end hss so6e oth6s for
public use.
comm,nity Clord: The cloud int.smtctrrre is
sharcd srrtotlg org8rdzarions &at sbrte the sarrE
conce.:Ds such as the missr@. secnriry requiremeot
a-od poticy. It may own by mae cganizatioD a-od it
exi$s o! preEises or eveo off-prcmises.

ILr.eLl€d work
2.1 Tllr.s ol Cloud Scla'kcs:
Most cloud coqruriig servic€s fatl into ttuee broad
categories: Intasmtcnre es a service (IaaS).
Pl,Brform ss I service (PaaS). end Soft*Ere as a
rervice (SaaS).
l. Infiasnrnrte !s a Selvice (IsaS): This is lie
fundaoearal caregory of cloud computing servrces.
Iess aljows you to leese m i-of-rasructute. includtu
servers. virtual Eschile3 (vMs). stoiege, networks.
qnd operadng Erseos, from a cloud providef,. You
pay for these lesources oa a us6ge basis.
2. Platfo(m es a Sewice (PaaS): PssS is a cloud
coaputing servic'e that ofref,g an ou-derrrarld
euvtonff for delelopinS. testing. deploying. snd
lranagi[g softwsre applicdi@s. a si.qlifies tbe
developmeat proces by hendling rhe undedying
irxfiasEucNre. including serl€Is, storage. networks,
s,rd d{abases, allowiag delelopers to foctts on
creathg websites arld Eobile apps.
3. Softwsre as a Service (SsaS): SaaS is a method of
deliveri[g software applications via the ifierEt,
wEre use(s ecc€ss s-d psy fc the softw8rc. they use
on-demsnd. In rhe Saas modd. tlE cloud provider
hosts end manages both rbe softwsre spplication attd
its urderlyirg infrssmtcture. This ilcludes rasks liLe
softqEe rpdsEs ald 3ecurity petches. Us$s can
corEect to lhe E plicatioe th,lirSh s web bro\tr'ser oo
vsriors devices [5].
h the saas model. lhe respoBibiliry for sealriry
prinsrily fills oa lhe cloud provider bec.rue of tbe
higb level of ifiegratiorl ald li-dited ctrslooer
coirrol- In cmtr'sL the PaaS model ofref,s EDre
extelsibiliry and greater conrol to the custoEe, I I ].

2.2 Issues ln Sen'lce llodels:
Soltwarf as a Ser{ce Se(urt(v Issuer (SaeS):

Cli€drs letyi.ng o|1 service providers llust trusr thern
to irrylemeot adequste securit-v measures. The
provideis respoDsibiliry includes en$ring that
narltiple users ormt access esch orbels dare. \+'hich
is cnrial for user data pri1aary. Th€refore, its
eseotial for users to veriry dqr appropriate secrrity
nPaliures are in place. However. guarallteeiog ahe
eveitability of the applicarion urreo needed can be
chdlenging.
SssS softwsre ltDdors he1€ rwo coDlrDon
deplcymenl optioos. They Eay bost the applic.tioo
on thet p(ivate servers or utilize a thtd?eny cloud
coqrutiog infi'astrucaure ssvic€ (e.g.. A.mazon,
Cnoge. erc.) for deploytrnt [3].
PlitforD-rla Set1'lcc Secullty Isru€s (P.{S): Io
tbe PaaS envirolmeEr. data must be accessed,
rmdilied a-od stored. This mea[s data will require
decryptioo atrd re-€ocrlDrion. thus inroduci.ng key
rrratlagemeol issues. E!cr]?tior1 challeEges 6re far
&om the ooly seclrriry is$re with PsaS.
IDflEtl.rraur.c-rs-i-Sfr1't(i (Ir.S) Secudtv
ksuaa: Iaas p(ovides a pool of resources slrch as
serveB, slorage. Etworks. and other c.omputiag
resources in the form of viroalized syst6Ds. wbich
sre accessed tbrough the Lrterner [4]. IJsers are
eotitled to nr,t any softEare with fuU c@trol 8nd
rmnagemeot on the resoulces allocated to t!€rtl.
wirh Iaas. cloud users hsve bener conrol o\,el the
s€curit-v
clrDpa.red to the other laodels as lorrg therc b tlo
security bote io the virNal rnachiE mnilor. ThEy
control the software runni,1g in their virrual
oachines. end tbey are responsible to cdfigure
s€curiry policies corrcctly.

Gtob.l Croird Computt M.rt l

Fig. 2. Global cbud ca*lioutin8 Markct.

23 Cot[.mD S€cur{tv -fhlfits h Cl@d Coqtudng:

Her! 'r dascllptlods o[ rlil{otrs aybalsecurtty
thrlats l.n cloud computl-ng:

I..i,rllllll
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Threars Descriprioo

Tlird-party
Relatiooships

If a third party &ils to msintaiE the
proper coverage aad aD uxcovered
event or situatid occu!.s, laour
orSadzstioo Day fac€ additioDsl risk

Malicious
Code
Irjection

A.try code in any pan of a software
systeE or script that is intelded Io
cause udesired effects. security
brcaches or d6-Eage to s
systeor- lvlslicious code is an
application s€curiry threst rhsi
caruot be efficieEtly contotled by
coN1ve'ttbnsl antivirus softwere
al6e.

Itrs€cure
p€onbsioDs
oo cloud
Data

civing pgmissioos to the
urrauthedicared & unauthodzed
users rDay coiDprcmis€ the dats
secruity

Tabte 2. T)pes ofpossible snacks i! Psas

Threars Description

DaIa lcalis
D8rs in tlE cloud is exposed to
&e ssrDe lhrEs whib ir b beilg
u-aDsferred. stored. audited or
processed

Accpullt of llser 6 sn
Organizariod is hijacked by
Ilacker/Arscker g8i!s sccess to
a user's credential. Therl the
hacker has firll authority to
perform UDarrhorized
Acriviti6.

Account
Hijacking

vuh€rsbilities
io '\rrrtual
Ivdachine

Possible cov€rt cba.Dtlels in fte
colocetion of VM1 ljnrestricted
allocation and deallocatiotr of
resdrces with vMs

It is I t)rpe of sttack that Eies ro
make 8 website G netc,Drk
rcsource uoaveilable.

Deri.l of
Service Att ck

Tb-reats

Dots Access Risk

IdeDti.y Thefr

Ndwork Securiry

SQL Injecrion

Plrjshing Afiacks

T l. Types o pos in SaaS
\!are lfliection: Itr this anacL malicious actors3-Iypes IaaS

I . Accqrtrt Hijscking: A..oullt or s.!'vice hijacking is a
r}?e of ideodry theft thafs on the rise. Attack€rs aim to
deceive eod users by takilg c@tlol of their accounts or
services-

aneryt to inject mhrsre ol maliciorrs services inro lhe
cloud. Th€y creste their o$.n malicious service mdules
or virrual machiEe iBtsnces. tryilg ro Dake them
appear qs valid services. If suclessfu1. legitiDate usef,s
are redirccted !o the mrlicious service. allowing lhe
attacker! code to exeqrte.

Des.ription

Data access issue is mainly
related to se.uity policies
pro!'ided to the useB udile
accessing the dat8. Son1e of the
erryloyees are rrot giveD access
to certailr a!1orllll of data.

Idenaity thefr is the acr of a
persoo ohaining i,rforrtlatiorl
ilegally abort som€ooe else-
They rry ro fi-d srrh
informatiotl as full oame.
maiden oarEe, address. date of
bifih" social security nrmber.
passEords. phoDe !u!]ber. e-
n ail. and credi{ csrd nufibe!'s-

A[l data flow over the netwgk
needs to be secrred i.tr order to
preveot l€a&a8e of se4siti\E
iDforEati@. This irllolv€s the
use of strong letwork lraffic
ecrl&tiotr techniques such as
SSL and TI-S for security

An uDauthorized user tries to
access the conlide,lrie.l data in
ttE database by itrjectisg
malicious code in to I staDdard
SQL code. This ca-o be reduc€d
by using autoEatic generlted
SQL code. A.od does not allow
uruufhorized users to eqter tbe
datebase to access the private
data-

Phishing" ref6s to an attempt to
$eal seDsitive i.dfdmtion-
t}?ically in the fqll of
usemailes. passwords. credir
card .ouDbef,s. bslrk accqrm
iDforEfii@ or other imlDrtrnt
data in order ro udlize or sell tb
$ole! information.

162



!

F$
okE
bffi

I.
I

IrvrsRN rroNAL "for,nNAr or Mr,r-rmrscrpr.rxmy Eoucerroxrr- Brsp,urcn
ISSN:2277.7881; lMr^q f^cror :8.01 7(2023); lC V^rur;s.t6; lsl VaE:2.286

Peer Reyiew€d rrd Refereed Joumd: VOLUME:12, ISSUE: l0( I ), October: 2023
Online Copy of Ani<k Publi(.tion Av.il.bl. (ZZl Issqer)

Scopus Review lD: A2895D3ACF3ITA2A
Anicb R.ctiv.d: 2r O.rob.r 2ln3

I,ublhrdo. D.r.30n O.iob.r 2OIl
Publst r: SrctrrliL Ptbllllrio& IrdL

Digit l Certificrte of Public.tioh; trxrv.i.imer.in/pdt/e-C€rtificrteofPublicrtiotr-UMER.pdf

DOI: h.qr://iie€r.ir"doi-r2023/l2.l0Jl
rvuwiimer,lD

3.1 }Ie{sur'as
Compudng

h'olro6(d wor L
fol. IlhJor. Thrrits ltr Cloud

flere are some k(y security pr"actices for aaiDraioin8
security ia a cloud eaviroo@t :

Lup{o-Dare IntnEion DetcclioB SysreE: Erytoy an
itrmlsion deteclion system tbat cer idetrify urusuat
network tre.fiic and provide esrty wamiDgs based oo
credeotials and b€havioral panegrs. This systei, acts as
an alar6 for poteotid security bresches. Blckirg IP
address$ thar are rhe source of an attack can help
mitigate threats.

2-select e Relieble Cloud Provider: Cho6e e rcputable
and trusrworthy cloud s€rvice providd rhfi ficitiz.3
sec'urity alrd compliance.

3.Patchiag and UpdatiEg: Keep software ard systeos
q, to date by Ptomp(ly spplying securiry parches snd
qrdates .s thqf bec@e avqilable. Tbis helps protect
agsinst bxown wtoersbilities.

4.Data EtrcrJpriofl: Impterlenr robust eocr]Irtion
Echadsnts to safegua.rd date borh at resr and during
trsnsit. Cloud encr].ption irNolves Eansforming data
using mathernatical algorithms to conceal it ftom
rmauthorized access.

s.User Behavior Mooitoring: Continuo$ly Eonitor lhe
behavic ofusafs with access to the cloud enviro.oeot.
lraintain coltrot orrcr eoc!4rtio! processes aDd lcy1
segrcgEre duti6. and resrict access to minimize
poteatisl risks.

6.Ptoper Passnord Manageme : Eaforce strotr8
lnssvord maorgetr prectices. including regular
password cbrnges aad tbe use of complex. unique
IEsswords.

7.Acc€ss Restrictions: Restrica access to cloud sefvices
r() suthorized users only. Ir{rlement oulti-feqor
autheatication (MFA) systerlrg, slrch as smsrt cards.
ons.ti-@ passrrords (OTP). aod phoE auhenticstioq
o 6h.nce searrity.

8.Use of First{lass APIS: Pay atteDtioE to abnGmal
sclivities and cordrct legular 8rdils. lElrlem€ot $rcng
protection measures ao secure API eodpoitrts. as rhese
ore ofte! targeted by stt akers.

By folo\ring rhese securiry besr prsctices.
organizari@s can eohance the security of their cloud
erlvirons!€ots stld rcduce dr risk of dats brcaches eEd
rE{ut[orized access

Fig. 3. Possibility of Thr..t after
imDlementins Securitv M.asures.

fV. Corchslolr & frtur'. worL
The use of cloud coryutiag hss bec@e the ncm for
tnrsi-Bses as wEll as p€ople i,n iociery. Its gro\*'th h.ss
beeo seen maiuly in dE post decade ald will corxtinuc
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3-De[i8l of Sgvice (DoS) Attacks: Dos onscks are
aird at 'Ebng a website or nelwork resource
uoavailable. Atlsckcrs flood lhe tr8et with a l.rge
tlurEber of Fckets i.o 8 short tiE, overvlrcl,Iirg tlE
host a-od csusi.ag it to igEorc bgitimate rcqueds.

4. DeIe Breach: Dara b(eaches i-oyolve uoauthorized
access. theft. or use ofdata. Such b(eaches hlve becoe
i.dcrea3i[gly commoo a.d can havE severe
consequeoces-

5. Marl-io-rbe-Middle (MITM) Attack: Itr MITM
8tt8cl(s, ifimders intercep( or Eodiry essages between
rwo e hies thar belielt th.ry arc c@.municeting
dfuecty. This exploit ofteo relies on letwort lxcket
soiffurg snd csn coEpr@fue tbe secauity of
trsnssctio!8 and data lralsfers.

6. Side Chatt,]el Attac&s: Attackers try to place a
maliciorrs virtual Eacbitre on th. same host as the targel
using side cbs.o.El attacks to d€code cipbertext snd
calculste eED.ptiotr t€ys- Sllong trrev/8ll {.stetDs ca!
help ferrcnt ftis.

7. Ms.licious IDsider: Malicious insiders sre individuals
r6,ithin an organizatioo who inteotiooslly Eisuse
cotrfdenrial dota for personrl gf,ir, po(eoti8ly
comFomisins lhe orgsDizati@'s i!.egrity. Privilege
plenning a[d security auditing can Eirigere this risk

8. Ilsecue API: Poorly desig[ed user interfaces (Lrs)
add APIS can provide hac&ers with e.sy access to
seNitive &m" lesding ro 3iglificsnr finencial,
nqruledonal, end business losses.

These threats underscore rhe importa[ce of robust
secu.rity Eeegrres ed prectices to prdect clotrd
computing etrvironD€ats a-d the data they conEin.
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to e\Dlve. As reid growth in clord computing era the

security for private data is also esential should be
gi\rn proper &uthentication.

This paper $rveyed he key s€curity issoes of Ctoud
Comptring being faced today snd tre chdlenges md
oppoftxlides rhr it ki.ogs for busirs comunity .

This research paper malyzed uihat exactly cloud
compting seo[iry-related issues are. and discussed

data security ad piwcy prctection issws asociated
with clond computing rcros all stagc ofdata life cycle.

By this paper we knorv rarious threas in the clord
comFrtrng and some meas[es are proposed to reduce
the rish 8trd threats in clcnrd compling .The cloud still
has much to ioprove on with seol'ity and ease of
rntegration btrt cloud comluting will cmtinue to grow
and edvaace the abiliry to share md stre dao in the
tchnological world
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ABSTRACT

Learners and teachers at all levels ofeducation have been affected by COVID-19 restrictions with rapid

adaptations to virtual learning platforms. The impact of COVID-I9 on leamers is not evenly distributed and

children of under-privileged groups, those who live in poverty, those requiring special education, and children

who cannot afford digital equipment are more negatively affected by the need for remote leaming. Psycho

disorders like anxiety and depression have increased as a result of COVID-19 itself and as a consequence of

change in mode oflearning. Restrictions on traveling, social distance, and funding restrictions affected research

work in higher education. Non-medical researchers were slowed down but research in medical field is induced.
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INTRODUCTION

Corona viruses are a group of viruses which influence people through zoonotic transmission. Covid-19

is a disease that has serious health implications and one ofthe most significant issues related to this disease is

its capability to spread in a rapid manner. The worldwide spread of coronavirus has brought a dramatic change

in all fields of human life including teaching, leaming and research in higher education.

OBJECTIVES

To find out the impact ofcovid on teaching, leaming and research in Higher Education

To estimate the overall impact of Covid- l9 on education

Mf,THODOLOCY

The investigation is performed by reviewing various secondary sources like published literary works,

case studies and data from govemment and non-government bodies and from authentic websites. Utmost care

is taken to identi$ only the reliable data in order to provide the true situation as it is the field ofeducation.

EFFECT OF COVID ON TEACHING

The pandemic and lockdown have changed the dynamics of the education sector and thus the field of

teaching is obliged to open new grounds for teachers to adopt the virtual environment. Teachers around the

world started using technology to get connected with the students which is quite unprecedented to the world of

teaching.

Though the situation is tough, teachers came up with a solution through the computers by creating online

learning opportunities, virtual classes by which teachers can be connected to their studcnts. It is somewhat

different from the normal classroom teaching where direct eye to eye contact between the leamer and the

instructor is not possible but this is the only best choice left in this situation.

Being a tcacher is notjust reciting any lesson from the textbook, but it is a continuous lifelong process

of leaming. In the pandemic situation teachers, along with technicians, leamt and invented many tools for

making their lesson interesting for the students of different backgrounds and areas. Online meeting platforms

like google meet, zoom, Cisco WebEx have become day to day needs of teachers. Teachers attended several

training programmes to learn LMS, Google classroom, A-Z Screen recorder, OBS and so on. It is something

wonderful to get connected with someone live through the intemet via video. Teachers started making recording

videos for repeated use. These recorded videos can be used for unlimited times. There are several options while

going to online education and the method and tools will be chosen depending on the context and goal.

l 16^b..^.o^, l I 
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Takilg qln55 online through live video is one ofthe best techniques by which a teacher can show slides

while giving a lecture simultaneously. Tools like Microsoft PowerPoint, Apple's Keynote, Google slides are

useful in creating slides. Software like Camtasia, Bandcamp and Apowersoft etc are useful for the purpose of

recording but most ofthe teachers from Collegiate education in Andhra Pradesh are using the OBS and LOOM

flatforms. Taking the pandemic situation into consideration, the Commissionerate of collegiate education,

' Trained teachers in Learning Management System (LMS) and nearly 700 videos uploaded in

various subjects

' lntroduced Virtual Classroom Teaching and now 144 Colleges have virtual Classroom

equipment

' All the online classes delivered by the teachers of higher education were recorded and the links

were saved.

' Bharat Padhe Online portal is established to share ppts and the information ofthe video classes

nationwide and the same is done by the teachers ofhigher education in Andhra Pradesh.

There are many options for placing videos and integating them into learning management systems like

Zoom, Ustream, Livestream, Crowdcast, WebinarJam, Skype, Adobe Connect etc. The pre-recorded vidco

hosting options include YouTube, Vimeo and Amazon 53 and among them YouTube is the most popular

flatform.

At present the govemments of different states allowed offline teaching. In higher education blended

teaching is going on. The threat of another wave is hanging on the world and any time the necessity of closing

educational institutions may appear again. But, the teachers are ready and well trained to face any tough situation

in future.

EFFECT OF COVID ON LEARNING

According to the 75th National sample survey, conducted between 2017 Junc to 2018 June, less than

l1Yo have household internet access. This is more than 42Yoin urban areas. So, Rural students are lagging

bchind in non pandemic situations. Later in 2018, as Bharat Net project was launchcd, more than 2.5 lakhs of

village panchayats were provided with intemet connection. It prepared some useful grounds for later use.

Research is conducted in the Faculty of Information Technology, Benghazi University, Benghazi.

Libya, gave positive output with regard to online education. In the study,

The students believe that eJearning is useful and it is the scientihc method leamed on

electronic/multimedia fonns.

The leamers agree that eJeaming is useful and that it helps them to be safe and improve their academic

standards.

The students claim that the low-quality of intemet services is the biggest obstacle to its application.

The students demonstrate that there are limitations to eleaming and that the biggest drawback is, it

decreases the workload for teachers and raises the pressure on students.
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The same inferences are applicable even to the lndian context. But, since the start of the pandemic the

student performance has plummeted across the world. Srudents are still adjusting to the new change. They are

switching from traditional lectures to digital leaming but one must admit that it is still proving a challenge for

most of the educational institutions. Disenfranchised students whose family income is low, are experiencing a

leaming loss compared to their peers from high income households. According to some study by Brookings,

scholars made leaming gains within the first months ofonline teaching but these figures have continued to drop

later.

Adequate access to leaming equipment is not available to many students and it is one of the biggest

barriers for online teaching and learning. Most institutions were not ready for full-scale digital learning, they

couldn't prepare teachers and college students for it. Several students have no proper access to learning

material. To disenfranchise communities, getting stable internet connection and digital amenities is a big task.

In many situations, students don't have a laptop for class work. Besides, the pandemic's economic burden

distracts scholars liom routine work. they cannot concentrate and participate equally in their class. It nearly

takes five hundred per month to get the minimum required intemet connection through mobile phone. It was a

big amount for nearly sixty percent of students who are getting education in the government sector and when

the students' performance level decreases, the gap between their achievement widens.

Shrdents with special needs must be addressed in this context. At present students with disabilities have

limited access to learning materials. Improved learning apps are in scarce supply. So, even though the learning

conditions are the same, the gap benveen student achievement among different classes is widening.

As per the Washin$on post report, the enrolment rates have decreased by 2.5% universally. These low

enrolment figures are the result ofpandemic scares and financial instability. But the fact remains that students

now seek admission at a lower rate than before. Although no definite information exists about the reasons for

these increased drop-out rates, experts point to social factors, including:

l. Bereavement

z. Financialinsability

3. Socio-cultural isolation

4. Poor mental and physical health

Many studies are being conducted focussing on mental health of the students in higher education. One

research conducted by Amar Prasad Choudhry, published in National Library of Mental Health in which a total

of 324 college students participated, of whom 180 (55.6%) were male and 144 (44.4o/o) were female. After

assessment of the psychometric scales, it was found that of the 324 students, 223 (68.8%) had high fear of

COVID-19, 93 (28.7%)had moderate to severe depression, and 167 (51.5%) had mild to severe anxiety. As per

a sfudy by the U.S. Census Bureau, over 40oZ of survey respondents showed signs ofdepression or anxiety and

as the lockdown drags on, these figures may continue to rise. Fall in social events on college campuses decreased

or even non-existent due to COVID-l9 regulation. As human beings are social beings, isolation becomes one major

problem to them. The problems of the various categories ofthe students must be addressed separately and the whole

world should give support to them.
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EFFECT OF COVID ON RESEARCH IN HIGHER EDUCATION

Travel, social, and funding will also take a serious toll on scientific research worldwide. Research staff

and resources have been purposely and purposefully prioritized to COVID-l9 activities above all else.

Distancing and transmission issues have caused most non-COVID clinical research to be suspended. It resulted

in reduction in recruitment of research subjects and a delay in data entry into clinical trial databases. Research-

related hiring has been suspended because of restrictions imposed on traveling and young researchers might

soon find themselves out of a job if their subject is not the pandemic. Indeed, though government-funded

medical research bodies worldwide say they arc committed to maintaining the continuity and breadth of

research, how the economic downfall will influence govemment spending remains to be seen- Furthermore,

research funding that relies on public fund raising may substantially and many researchers will see a significant

decrease in funding opportunities. The global impact the crisis will have on the economy makes it hard to

imagine that future research funding will not be substantially affected.

CONCLUSION

Before the COVID pandemic, virology research (including influenza) represented less than 2oh of all

biomedical research. However, the number of laboratories and investigators that have pivoted to address

COVID related research questions is astonishing, likely comprisitg lO--2O/o of current biomedical

investigation, showing the incredible adaptability ofthe research community. The multinational support rapidly

infused for COVID-l9 research is in the billions of euros. The sharing of research findings and research data

has never been as rapid and eflicient.

The real goal ofeducation is to make the citizen properly accustomed to the world around him/her and

try to make it more perfect. Teachers are updating themselves from time to time to get the rapidly changing

technology and trying their level best to use the technology to reach their students who are obliged to stay at

their homes. Students are facing many problems like poverty, psychological stress and mechanical interaction

with their teachers. Though we are going for offline class mode at present, the threat ofthird wave may lead the

world again towards virtual classes. So, it has become impossible to imagine college and university education

without digital resources. But as digital learning is many times more costly than normal classroom leaming, it

is the responsibility ofthe govemments to extend its helping hand to students who are under privileged and it

will be the responsibility of the society not to create a digital divide between the rich and the poor. Online

education must be more inclusive, and should have connectivity and equitability.
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Dalit Women and Colonial Christianity
FirstTelugu Bible Women as Teachers of Wisdom

CHAXAI,T CHANDRA SE(HAR

The paper focuses on the history ofthe firstthree Bible

women, Mary Wesley, Martha Reuben, and Bathsheba,

who came from marginalised communities in

Rayalaseema, and emerged as new leaders ofsocial

change in the context ofcolonial modernity and

Christianity in the region. The emergence of a modern

profession of Bible woman for Dalit women in the 1870s

was transformative, opening doors of education,

learning, and transforming them into local leaders. Bible

women played a pivotal role in the history of Dalits,

gender, and missions by shaping the life and community

of Dalits and spreading Chr,stianity in Rayalaseema.
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Chakali Chandra Sekhat (chanduellu@gmatl.com) reaches at the
Sri Aravinda Sathajayanthi Government DeSree ColleS€,
Narayanapuram, West codavari District, Andhra Pradesh.

1 I fiile historical studies have examined Bible women

l/\/ ,"a their conrribution to rhe missionary movemenr
U Y in South Asia (Sebasrian 2oo3; HagSis r9q8: Kent

1999; Taneti zor3; Mohan 2ol7), relatively little attention has
been focused on studying how the profession of Bible women
started in India, particularly in the Telugu-speaking regions,

especially the endeavours of the first Telugu Bible women.
Based on insights from some of the studies mentioned above,
this is an effort to listen to the voice of the first three Bible
women of Rayalaseema' that have remained silenced by
the missionaries and unnoticed by historians. Moreover, in
doing so, it analyses their emergence as new leaders ofsocial
change and their contribution to the transformation of
gender roles and patriarchal structures among the people in
Rayalaseema society. The paper draws on archival material,
such as colonial administrative reports, as well as a wide
range of missionary sources, and additionally uses oral inter-
views from the field.

In Rayalaseema, Dalit communities (Malas and the Madigas)
were the lowest in the social order. For centuries, they were
despised and degraded, kept in a state of servitude by the
dominant castes.l Furthel they were subjected to untouchability
and unseenability. Their presence and approach, considered
impure, was despised by other castes and even their shadow
was believed to be pollutilg. The caste system, with its
hierarchical social structure, did not recognise their social
value and did not treat them as human beings. In addition,
Dalits were not allowed to access public places, such as

temples, schools and drinking water wells (Cornish 1874: ll8).
However, their encounter with Christianity brought visible
changes in their life.

In 1822, protestant mission groups zuch as t ondon Missionary
Society (LMs) established their mission station at Cuddapah
in Rayalaseema region. Even though individual conversions

of Dalits began in the l82os, mass conversions among the
Dalits in Cuddapah and Kumool districs took place in t85r
(Porter r88s: 46). Initially, the missionaries focused on the
conversion of men, as the wives of missionaries were unable
to devote their time and strength entirely for womenh work,
because of family and household responsibilities. However, in
the r87os, the of6ce ofBible women emerged in Rayalaseema

with the expectation that they would find access to families
and women, otherwise inaccessible to Christian influence.
This office was a direct result of a movement that began in
England in the r85os. Mary, Martha and Bathsheba were
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the first three Bible women in Rayalaseema who emerged as

new leaders, availing opportunities ttlat colonial modernity
ard missionary Christianity provided. Their work as Bible
women contributed towards social change for tie women
in the region.

Evolution of Blble Women

The origin ofBible women in Rayalaseema can be traced back
to the office of British Bible women in England, with Etlen
Ranyard being a leading name in the movement of Bible
women (Kent zoo4: r5o-5r). Ranyard was appalled at the
condition of people in the slums of London (Alldridge 1887:

rr4). This led to the first Bible woman being appointed in 1857

to carry the message of god by selling Bibles to the poor. In
addition, Ranyard founded the Bible and Domestic Female
Mission (aoru) to cater to the spiritual needs of women in
the slums of urban England. The mothers' meeting was an
essential part of this mission (Taneti 2or3: 4o-42). Ranyard
communicated her missionary work to the donours through
the magazine Missing link which was widely read by tiose
whom the Bible women worked with. Ranyard's concern for
the salvation ofwomen in slums in London later grew into a
concern for the salvation of women in lndia and other
countries. This concern found expression in the origio of
Bible women in Rayalaseema.

Martha Kilpin, a missionary who lived in Cuddapah, was a
regular reader of the Missing link magazine.: After her retire-
ment, she settled in England, where she conveyed to Ranyard
that there were prospects for Bible women in Indian villages,
and that she was willing to undenake tie correspondence and

secure reports, if funding was guaranteed (Missing li[k,
March r87r: 9r). Kilpin contributed a series of articles to this
magazine and argued for the necessity of Bibte women for the
conversion of local women, appealing to the readers in Eng-

land to contribute funds towards the Bible women in Cud-

dapah mission station (Missing tint, April r87r: r24). As a
result, in r87r, Mary Wesley and Martha Reuben were appoint-
ed as the first and second Bible women in Cuddapah district
(Missirg link, April r87r: rzs). Bathsheba was appointed as

the third Bible woman in Nandyal mission station in 1872

(Missing link, July 1873: 2o8; Lewis 1879: r2). They were
the first Bible women in the entire Telugu speaking area.

They were accountable to Kilpin and were expected to send

monthly reports which were published in Mrssing Link. Kilpin
worked as the liaison between sorM and the local Bible women
in Cuddapah in securing sala es and supplies. Each Bible
woman's salary was €12 per year. The financial support from
aoru and Kilpint correspondence together shaped how the
office of Bible women evolved in the Telug! speaking areas,
particularly Rayalaseema.4

Biographlcal Skekh.t
Gathering information about Bible women and their wo* in
the missionary reports has its own challenges. As missionaries
did not record details of native workers, complete details
about the Bible women discr.rssed in the paper was not available.

S8

lnformation about how they became Christians, their family
background, details about their husbands and children is

not available. This was because the readers of MisJing link
wanted to read about the conversions that were results of
their funds and prayers, rather than the personal details
of the native Bible women. Therefore, their biographical
sketches are reconstructed from scattered clues available in
missionary literature.

Mary Wesley: Mary Wesley was appointed as the first Bible
woman in Cuddapah station along with her son Samuel Wes-
ley who had been trained as a native medical missionary.
There is no direct informarion about her social identity. One

can assume that she was from the Dalit community based on
the following clues. In one instance, it is seen that working
along with her son enabled her to gain access into caste houses
where no other Christian (Dalit) woman was allowed (Missing

Link, April l87r: l2S). Another instance refers to a woman
named Achamma from a dominant caste who visited a relative
undergoing treatment at the missionary dispensary. While
staying the night with Mary Wesley, Achamma felt that having
a meal cooked by Mary wesley would break her (Achamma's)

caste, so she was given grain and oil to prepare her own food
(Missing link, February, fi72. Sg).

Mary began her work in Proddatur when a dispensary was
established and her son was appointed as a native medical
missionary (Missing link, September r87r: 276). As Kilpin
recounts, in r87r, Mary visited many houses and read the Bible
and conversed with 7oo women in the entire year (Mr'sjing

link, February r87z: 53). She interacted with many female pa-

tients who came to the dispensary for medical treatment. She

worked in Cuddapah district for three years, and in 1874, when
her son was appointed at the Black Town Dispensary in Ma-
dras, she moved there and continued her work (Missing link,
May 1874: rSS; PDGA 1874:33).

Martha Reuben: [n 1871, Martha Reuben was appointed as a sec-

ond Biblewoman in Cuddapah. There was no clear mention of
Martha! caste identity in the mission records, but the follow-
ing quote hints at her background: "she was going into the
houses ofwomen ofdifferent castes, readingto them the word
of God" (Mirsing Link, January r87s: 26). Missionaries wrote
this kind of sentences in the context of native workers who
were Dalits to point out that even though they were treated as

untouchables, they were received by every caste (including

Brahmins and Reddys). Another reference was of Martha
visiting a village, where she found several women spinninS
under a tree. Ankamma, who she knew amonS these women,

invited her to sit with them, when "all those women were

Sudra caste (a higher caste than her own)" (Missing link,
March 1877: a6). These details suggest that she was from the
Dalit communiry Kilpin reports that Martha had formerly
been an oyoh in an orphanage, and that she was a clever,
intelligent, affectionate, and a pious woman (Misiing tink,
April r87r: rz5). tn the first year of her work, Martha visited
r3 villages, held mothers' meetings with native Christian
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women and conversed with 3oo Hindu and Muslim women
(Missing link, February 1872: 53). However, according to
Kilpin, Martha resigned herjob in 1879 because ofher failing
health (Missing Lrnk, October 1879: 3rz).

Bathsheba: Appointed in 1872 at the Nandyal mission station,
Bathsheba was the third Bible woman in the r,us mission in
Rayalaseema. She was from the Reddycaste, adominant caste

io Rayalaseema. Her grandmother embraced Christianity
in rSSS and her Eother did so in the r86os (^RLMS 1856: 80;
Missing lirk, July r8B: zo7). Bathsheba worked in Nandyal
town and its vicinity for nine years. In r88r, she was moved to
Gooty as the mission station shifted from Nandyal to Gooty. In
Gooty station, she worked nearly z7 years under Emma Thom-

ason, the wife of missionary W W Stephenson. Bathsheba mar-

ried a lus catechist (Vivekcvcthi, October rgrr: rz), For many
years, Batisheba was financially supported by Miss Lees from
England (err-us r9o8: 7r; Le\a'is 1879: r2). Emma Thomason, a

missionary documented that Bathsheba visited the houses of
almost every caste and they visited her in her own home, too
(MMcLMs 1884: 398). Sometimes, Bathsheba took all the women
who visited her to the missionaryt house so that these women
could see and converse with women missionaries, rtrich was

followed by a meeting called "mothers' meetinS" (MMcLMs

1884: 398). In rgoz after 36 years of work, she resigned from
herjob (ARLMS r9o8: 7r).

BiblG Womcn and skills
Mary Martha, and Bathsheba took up the opponunities offered

by colonial modernity and missionary Christianiry which
introduced Christianity and literacy in their lives. Their
k-nowledge in reading and writing, strong religious faith and
association with Kilpin, while shewas in Cuddapah, contributed
to their appointment as Bible women. They were recruited to
evanSelise native women. However, their actMties contributed
towards emancipation and liberation from the oppression they
faced as Dalit women. Unlike the later generation of Bible

women, they had no formal training-s Initially, they were
looked at with suspicion, as fonune-tellers, whose object was
to destroy caste, and cause shame and disgrace to those they
spoke to (Missing link, January l87s: 26). Nevertheless, the
capabilities of Bible women drew the attention of local women,
who began asking them to visit their houses. It is importaot
to recogoise that despite no formal trainin& Bible women
acquired and used various skills as part of their profession to
impart the Christian message.

Readint: Reading was an essential pafi of rie professiol of
Bible women as tley needed to read the Bible. In Rayalaseema,

people were astonished to see Mary Martha and Bathsheba

reading (the Bible). When Mary was reading portions from
the Bible for female patients in the dispensary they would
exclaim, "How well she reads ... We cannot read a single line"
(Mrssingtink, october 1873: 3rz). When Martha read the Bible

to the gathered women in a village, in astonishment they said

to one another, "Can women read? ... look at this woman, she

reads without fear or shame" (Mrssing link, October 1875: 3oz).
The surprise was because a woman being able to read in
Telugu society was a new phenomenon. In traditional tndian
society, Brahmins maintained the monopoly over education.
Dalits and women were denied access to education owi[g to
their caste and gender. Moreover, durinS this period, women
were widely regarded in society as weak, foolish, senseless

and the embodiment of evil. Education for women would ruin
their lives, bringing shame to their husbands and destroy
happiness within families (Acchamamba t9r3: r). In a conver-

sation with Brahmin men, Kilpin was told that "it was not
possible for a black fnative or Dalit] woman to leam to read,"

indicating how caste society undermined women, propagating

the impossibility of women's literacy (Femole lr.telligencer,

September r864: 189).

However, after mass conversion morr'ements, LMs missionaries

established village schools and night schools in pclems-Dalit
settlements, introducing a culture of reading and writing, which
was the "threshold of cultural modernity" (Mohan 2or5: ro).
Bibie women took initiative and availed the opportunities
provided by missionaries and the colonial state. The advent of
education engendered a complex set of changes in the life of
Bible women. The act of reading was a new and liberating
experience that opened for them a route to get out of the
oppressive structures of caste and patriarchy. ln a context where
education was denied to women in Hindu sociery women\
knowledge of reading the alphabet not only ensured eligibility
to take up the profession of Bible woman but also gave them
social respect. Bible women, by learninS to read and write,
demolished the mlth tiat women were incapable of reading and

that only a cenain category ofpeoplewere destined to learn.

Interpr€tin8 and contextualising texts: The Bible, the sacred

text of Christian religion, occupied a central role in the life of
Bible women. For centuries, Dalits were denied access to Hindu
religious texs; in addition, theywere prohibited from hearing,
reading, and reciting Hindu shastras, and if they did, their
tongues would be cut off, and molten poured into tieir ears

as punishment. Such was the nature of control Brahmins
maintained over the scriptures. Hence, the immense significance

of Dalit women accessing the Bible, which was regarded by
them as akjn to the shastras (Missing lint, May 1874: rs6).
When the Bible was rnade available in rhe Telugu language,
Dalit converts, especially Bible women, embraced and identified
with it. They perceived the Bible as a "Text ofLife" and a "Text
for Life" (Rajkumar 2or8: r2r). A certain empowerment came

with access to the Bible, as it indicated education. Wherever
they went, they carried the Bible. The Bible was viewed as a

sacred object that contained divine power. Further, it was inte-
grated into their everyday life. In their world vie'/v, the Bible

became a powerful "metasymtrol" of tieir culture of literacy
(Clarke zooz: 2sr-s4). By memorising and reciting the verses

from the Bible, Mary Martha, and Bathsheba became well
versed with the text, developing skills to understand the Bible

and appropriate and contemralise it to people's circumstances.

Eli?a Kent G999: r38) points out that the ability of Bible women

59Eononic& PohicalwEExLy !E M^ECH 13, 2021 vor- LvI No rr

Irat{t7,t



'PECIAL 
4EIICLE

"to locate on the spur of the moment a particularly appropriate
Bible verse or chapter constituted an impressive display of
textual virtuosity." When female patients came to the dispen-
sary with various diseases and sufferin& Mary Wesley read and
explained to them the accounts of people being healed from
their diseases and the rniracles performed by Jesus Chrisr in
the New Testament (Missing link, October 1873: 3r2-r3). The
following extract helps us understaad Bathshebak mastery over
the scriptures and her skill in interpreting and appropriaring
chapters ftom the Bible according to the context:

a woman being illsent for her lBathshebal, told herthat she was very
ill and wished cod would take her- Bathsheba talked to her for some
time about the great Physician Uesus Christl, and read about Chriit
healitrg the woman of her bleedinS issue ... TWo days after, Bathshe'
ba visited her again and read about crucifixion ... and explained that
Christ suffered all this fol us, and asked her to pray to Him again ...
The next time Bathsheba visited her, she was dying, but said: "I am
prayint ro Jesus, will he forgive me?" Bathsheba repeared many rexts
such as,'Though your sins be as scarlet -.- and lefther aomforted." At
her neit visit, the womaD was dead. (AeLMs 1887:1os)

In the above cited passage, during her dialogue with a sick
woman who was about to die, Bathsheba made two references

from the Bible which were suitable to the situation. As part
of the first reference, she told a story of a woman from the
Bible who was suffering from bleeding for rz years. She was
healed when she touched the cloak ofJesus, This illustratiol
highlights that Jesus was a healer who could heal her too.
The second reference was made when a dying woman was
doubtful about her faith, and who was seeking forgiveness for
her sins. Bathsheba read a verse from the book of Isaiah from
the Bible: "Though your sins be as scarlet, they shall be as

white as snow; though they be red like crimson, they shall be

as wool" (lsaiah r: r8). The story ofthe healed woman and the
verse confirming forgiveness from the Bible certainly appealed

to the sickand dying woman.
Through tlese narratives, Mary and Bathsheba not only

addressed the immediate physical need ofthe sick women but
also introduced the Christian god as one capable of healing,
forgiving, and meeting their needs. As Setrastiar (zoo3: 16)

rightly poirts out that it was the context of their conversation
that is significant, rather thanjustwhat was read.

Singing; Mary Martha, and Bathsheba developed the skill
of singing, which was significant for them as they used this
skill to disseminate the Christian message to women (ARrMs

1898: roo). ln Rayalaseema culture, religious or spiritual
matters were transmitted to people in villages through oral
traditions ofsongs. Katta Narasimham, a retired teacher from
Cuddapah district, in a conversation with me, recalled that
in Rayalaseema it was an age-old custom for the wife and
husband or a group to tour the villages, where they present

biographicat accounts of famous kings and virtuous women

through stories and son8s. They stay in each village for three
to four days telling stories through soogs at night and are

given grain by the village people.

The singing tradition was very much part of the social life
of the villagers in Rayalaseema sociery. Communicating and

6o

conversing in villages through the medium ofsongs was coflrmon.
Women sanS sonSs on occasions, such as childbirth, pubefty,
and marriage ceremonies, and while working in the agricul-
tural fields, they sang humorous songs, songs on various caste
professions, songs about gods and goddess, as well as songs on
different social themes (Seeta Devi 2oo4: 6 7). These oral
traditions contributed to Mary Manha and Bathsheba acquiring
singing skills. They learned many of the Telugu Christian songs

and employed those to demonstrate the story of a Christian
god (M6sirglink, August 1883: 2€). When dleywere preaching
singing had the power ofattracting and holding the audience,
making it tremendously significant in the religious and social
context they operated within. During her house visits, Bathsheba

carried a songbook alongwith the Bible. As Christopher (2or5:

rS7) points out, tie song book became a cultural marker that
was placed next to the Bible.

Martha and Bathsheba found songs as powerful instruments
of enhancing self-expression. During their visits to villages,
Bible women sang songs to gain the attention of women.
Bathsheba's rendition of songs involved "great expression" which
atffacted many women (Missing tink, August 1883: 242). She

was asked to write down the lyrics of the songs she sang,which
the women could learn with the help of those who could read
(Missinglink, August r874: 2Sr-S2). Bible women started their
'\^,omen meetings" by singing hymns and songs (MMCLMS

1884: 398; ARrMs r88S: 7o). Quite often, the gospel story told
through the medium of the songs appealed more directly and
lingered in the memory oflisteners. Over a period, the skill of
singinS songs became an essential qualification for the job of
Bible woman. Sudarasanamma and Vasundaramma, Bible
women working currently in Rayalaseema region, revealed to
me that alongwith tellingstories from the Bible, singing Chris-
tian songs is an essential qualification for a person who wishes
to work as a Biblewoman.6

Bibte Women and the PubllcSphere

Dalit Women, as Bible women, were engaging in new roles in
the public sphere. Jurgen Habermas et al's (1974: 49) notion of
the public sphere is an arena of social life where people come

together, communicate with each other, exchange opinions and

contribute towards the forming ofpublic opinions. The public

sphere is oper to all people irrespective of caste, gender, and
religion differences. However, in traditional Rayalaseema

sociery, the public sphere was the domain of dominant caste

men. Women from these dominant castes were confined to the
private sphere. In the name of division oflabour, these women
were expected to perform activities in the domestic space, such

as cooking, caring for the elderly, childbearing and rearing,

and serving husbands (Christlieb 1930:41-46)- In relative
contrast, Dalit women often were required to emerge ftom
the domestic sphere for everyday labour in agricultural fields.

However, there were social restrictions on their mobilit-v and
public interaction. The patiarchal norms prohibited them fiom
interacting witi other men and restricted them to participate

in public spaces where men gather. Nevertheless, colonial
modernity and missionary Christiadry allowed for Mary
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Manha, and Bathsheba to come out as Bible women and into
the public sphere. As Jane Haggis (rgg8: gs) righdy pointed
out that while missionary women tried emancipating local
women by convertinS them to Cfuistiardty, the Bible women
were liberating and elevating themselves fiom their low caste

status, by taking up this profession. Their profession provided
them opponunities and enabted their visibility in public sphere.
In addition, the profession gave tlem public roles, such as

evangelist, organiser, and teacher. Thrcugh rhese various acri-
vities and roles, Bible women commanded religious authority
and social respect in the public, which was otherwise denied
to those situated in a similarsocial location. Theivisirs to rhe
public space aod activities they were involved in give us a

sense of new gender roles that were being shaped as part of
the profession. They found new diglity in public life and a new
place in tlre structure of the missions. Let us examine some

of the activities of Mary Manha and Bathsheba which were
carried out in the public sphere.

Touring the villages and visiting houses: The profession of
Bible woman enabled Martha and Bathsheba to construct a
space where they could move with dignity ald freedom. Touring
villages was a regular aspect of their work. Inderpal Grewal
(1996: 136) argues, the culture of travel and mobility signifies
the notion of freedom. While touring the villages as a part of
the profession, Bible women not only enjoyed freedom but also

overcame traditional gender roles that confined women to the
domestic sphere. Duringvillage visits, Bible womeo conversed

with women at various places, common among them were public

wells and under the shade oflarge trees. ln t}le traditional village
structure, public wells played a significant role. ln the colonial
period, women from Rayalaseema villages, after finishing
household work, went out to publicwells to draw watel carry-
ing their pots on their hips (Chrisdieb r93o: :Z-g8). The public
wells served as a meeting place for women and an opportunity
for a chat. lt was here that women exchanged village news.

During one of her village visits, Martha stood near the village
wel[, leading many women present tiere to ask her, who she

was. When she introduced herself to them, they lvere in awe

ofher, and when they learnt tlnt she could read, they asked her
to read for them. She read from the Bible and spoke to them
about the way of eternal life (Missing link, October 187s: 3o2).

Gathering under the shade of large neem or tamarind trees

was a common feature ofrural life inRayalaseema. During the
daytime, particutarly elderly men, ald women, sat and discu-
ssed persoual and village matters, while involved in some

work such as peeling peanuts or weaving cotton. On one ofher
visits, Martha reponed that she found several women spin-

ning under a tree. Ankamma, who was also present and whom
she knew, invited her to sit witi them. All the women there, at
that time, were from the dominart caste. She sat with them
and sang a Telugu hymn. They were astonished to see het
reading, singing, and speaking boldly, and said i\s for us,

we are like slaves, spinning all day long." She had long con-

versations with them, read and explained the parable about

the samaritan woman from the New Testament (John +: d,

(Missing link, March 1877: 86). AIso, Bible women also preached

and distributed bible tracG during their travels.
Another imponant task for Bible women was visitirg houses,

interacting with women, sharing about the Christian god.
Emma Thomason, a woma-n missionary who Bathsheba worked
with in Gooty, rcported tiat Bathsheba visited nearly 6o houses

of every caste, read the Bible, and taught them regularty, in one
year. Further, she had been received by people of every caste
(ARLMS r88S: 70, r9o3: rS5). Missionary reports show rhar she

visited the houses ofBrahmins (enlrrrs t888: ro5). In Gooty, a

Brahmio woman sent word to Bathsheba to yisit her. After a

conversatjon with her, Bathsheba read verses from tie New
Testament (Missingrini(, August 1883: 243). Bathsheba's access

to Brahmin women was due to her caste privilege as she was
from the dominant Reddy caste, whereas Martha-a Dalit
woman, said that due to hercaste location she could uot speak
and approach Brahmin women (Missing link, July \872:. 2oZ).
Historically, Madiga aod Mala castes were considered un-
touchables, which could explain this. Moreover, some Brahmin
women were not receptive to preaching from Bible women,
unlike women from other castes. For instance, Bible woman
Elizaberh Joseph from Madanapalli of Cuddapah district
reported that some Brahmin women told her that they were
not sinners, and they did not care to hear about Jesus (Missing

Link, JaNary 18ZS:. 26). Howevet Martha often subverted tlrcse

caste norms by interacting with different caste people and
entering the houses of dominant castes and government officials.
Moreover, she visited the houses of Muslims and interacted
with Muslim women, too (Mfusing link, January r87S: 26).

During their house visits, they sang songs, preached the
Bible, and offered prayers. Along with this, quite often they
also acted as peacemaker in family disputes. They listened to
problems ofthe women in the house, offered prayers for them
and their families. In addition, they gave practical hints about
health, cleanliness, keeping t}Ie house neat, rearing and care

of infants and encouraged women to send their children to
the mission school (Harvest Field, January r9o9: r7). Bitrle

women also comforted and supported women in times of
bereavement and sickness. At a house where Bathsheba visited, a

womar was crying bitterly, because her two children had

died recently. Bathsheba calibrated her words according to
the context and sang a hymn as well as a reading from the
Bible (John r4), which talks aboutJesus's comforting words to
the troubled hearts. The portion which she read recognises

context and comforts tie listener, who responded with, lour
words are good; by them I obtain some comfort" (Missing

tink, June 1876: r8o).
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Organising women's meetings: The profession of Bible
woman gave Martia and Bathsheba a public role as evangelists
and preachers. Preaching about the Christian god and reading
the Bible during woment meetings was an imponant acriviry
which they carried out in the public sphere. Bible women

Bained this space through these meetings and used this to
empower and shape themselves and other women as mdern
women. The meetings were organised in one of the houses
which theyvisited afld sometimes at a missionary's bungalow
(MMCLMS 1884: 398). These meetings began by singing songs,

as women from the neighbourhood gattrered and sar in a

circle. Sometimes, the mistress of the house would gatier
several her neighbours together when she was expecting or
had sent for the Bible women (ARrMs 1885: 70; MMcLMs r9r4:
22r; Missing Link, January r87S: 26). A.fter singing, the gath-
ered women wele asked to share whatever they remembered
from the previous meetirlg. Then the Bible women read verses
from the Bible and explained it to them. Martha and Bath-
sheba's preaching were characterised by tlemes that ranged
from notions ofsin, the birth ofJesus, his crucifixion and res-
urrection, forgiveness, love of god, and admirable virtues
(Mirsing lirt, August r883: 243).

In traditional Rayalaseema sociery Dalits and women were
kept as illiterates. Reading the scriptures and explaining it to
the people was exclusively the domain ofBrahmins. Brahmin
men alone had the privilege to speak about god and claimed
mastery over religious books. For generations, they had the
monopoly over religious preaching. Dalits and women were
not allowed to hear and read sacred books of the Hindu reli-

8ion. In this context, reading, reciting, and e4iaining and
preaching the Bible were an empowering experience for the
Bible women in the public sphere, as it allowed them to break
many caste-based norms. By performing these activities in a

public gathering, Bible women proclaimed their equality with
Brahmins, and challenged the monopoly ofBrahmins. Moreo-
ver, as Taneti (2oo7: 84-8s) argues, they established parallel
power structures in which they asserted their agency.

Documentation in r9o9 suggests that women meetings had
been taking place io Gooty town for at least z5 years. In a
meeting held in Seprember of r9o9, nearlySo women gathered

and discussed topics, such as education, widow remarriage, idol
worship and new motlers and children (yilrkavathi, October
l9o9: 6). Womenh meetings opened a new space for socialisa-

tion, allowing them to take breaks from their chores, come

together, interact with each othel share their problems and

happiness, pralng and supponing each other, while revisiting
previous discussions.

Although the stated purpose of these meetings was
redemption from sin, they laid a platform for local women to
emancipate themselves from the chains of patriarchy and
caste. As they listened to ideas about education, spiritualiry
and medicine, this ensured a certain exposure to moderniry
Also, these meetings helped women truild confidence and
improve their self-esteem. Through these meetings, mobilis-
ing efforts, teaching literacy and scriptures, Martha and
Bathsheba created womens'network in Rayalaseema, which

embodied a sense ofcommuniry generating incredible social
capital among women.

Agent of women's literacy: Martha and Bathsheba took up a
public role as agens of women's education; they advocated and
encouraged womenh education. They introduced women to
the reading ofthe alphabet. Badrsheba's following conversation
with a dominant castewoman exemplifies herradical thoughts
on women's education. A woman who visi[ed her houseowner
was astonished to see her reading and said "What! Can this
woman read?" [n turn, Bathsheba asked her that was nor it a
good thing to be able to read. The lady replied, "Well, to some
extent it may be good thing; but if [girl] children are sent to
school they will not learn house-work properly." Bathsheba
went a step ahead and argued thar if children had a willing
mind, theymight learn school and housework, too. At the end
of her conversation, Barhsheba had read a little book about
the advantages which women get if they were able ro read
(MrJsinglinft, August 1883: 243). When Martha was asked by
women that "Can women read?" her response was "Yes, we

[women] can read and we also can teach others to read"
(MiJsing tink, October r87S: 3o2). Manha and Bathsheba who
had experienced empowerment through literacy believed
that education was an instrument for betterment ofwomen.

There were prejudices against female education i.l society.

The women folk in the villages were imbued with the notion
that "if the women in a house learn to read, the men will die"
(ARLMs r91S: 84). Funher, they regarded women's reading as

a shameful act (Missing lirk, October 1875; 3o2). Mary Martha,
and Bathsheba broke these notions by learning to read. ln
addition, they taught women to break old customs and urged
them to send their children to school (Missing link, August
r883: 243). During house visits and womenh meetings, apart
from religious education, Bathsheba taught women to learn
and read the alphabet, sing, and learn and tell stories from the
Bible. She encouraged her audience to learn reading so that
they could understand the Bible on their own and engage with
it better. when women expressed a doubt about their ability
to learn, she reassured them that as many others who were
learning, they could also (Missing link, August r883: 243).

Bible women became agents of women's literacy. From their
work, it is evident that Mary, Martha, and Bathsheba were in-
strumental in brinSing gender transformation in Rayalaseema

society. They believed in the value of education and worked
for the enhancement of women's life. By encouraging women
to acquire literacy, Bible women challenged the existing caste

norms. They used education as a tool for the emancipation of
women. Their piooeering work in introducing women to the
culture ofliteracy was a distinctive phase in transforming gender

relationships in Rayalaseema.

Condu3aons

Ordinary women from Dalit backgrounds availed opportunities
provided by colonial modernity and missionary Christianity
and became Bible women. By going door to dool reading
from the Bible, interpreting it, praying, sharing their own
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personal experielces, Bible women becarne agents of the
mission. As Sebastian (2oo3: 2r) argxes, Bible women's freedom
of movement and tJreir professionalism were signs of the early
caleer woman in South lndia, and therefore could be termed
"liberatory" They became an institution, and their work was
indispensable. By acquiring various skills and moving iR the
public sphere, they crafted themselves as new leaders of social

change. Moreover, they mobilised other women to come out from
domestic spaces to the public tfuough womens' meetings and
empowered them by introducinS them to the abhabet. This is

what conversion meant for women. The modern profession of

NOTES

Bible woman provided an opportunity to cultivate skills, to
empower themselves, to be independent and to defy the older
norms under which they were subjugated. Moreover, their
endeavour was not only converting, educating women but in
that process, they introduced a set of gender models. They
mediated between local women and missionary women. In
fact, Bible women's work was inshumental to the change of
gender roles and spread of Christianity in Rayalaseema. These
qualities and achievements, unusual for women at the time,
led to the people whom they worked with, to call them as

'"Ieachers ofWisdom" (ARLMS 1904: 166).

PDGA (ra7d, P.oceedings and Debate: of the Gmeral
Assembty ol the Frce Chtltch ol scotland,
Edinburg: Ballantyne & Co.

Rajkumar P€niel Jesudason Rutus (2or8): "Text of
trfe and "Iext for Life, the Bible as the Livins
and Ufe civing word of God for the Dalits,"
T?n and conl"J-r: vemacular Apprca.he: to the
,ible in ciobdl Cirirriority, Melanie Baffes
(ed), EuSene: Picl(wick Publications, pp r2r-29.

sebastian, Mrinalini (2oo3): "Reading Ar.hives from
a Postcolonial Feminist Perspeetive 'Native'
BiH€ Women and th€ Missionary Ideal," Joumol
o/ Feminis. Sfudi6 in Religion, Vol 19, No r,
pp 5 25.

Seet4 Devi, Vinjamuri (2oo4, Mana Janapada
soueetha''i.: Puttu PuruoLtumlu lou-r FoU( Music
and lts Historyl, Hyderabad: Telugu Universiry

Sibree, Jamcs (ls23) London Mi$ionarr Society:
A Regnrer o, Missmnaries, Deputoions, etc,

hom rys6 to l94,London: London Missionary
soriery

Simmons, A T (1923): A Hx ndred vears in the Tetug)
Country. ,a2) -te22,Mysore: Wesleyan Mission

stanton, william Arthur (rsso): The Awakening of
lndia: Forty Yeus anong the Telugur, Portland:
Falmouth Publishing House.

Taneti, James Elisha (2oo7): "Encounter between
Protestatu and Telugu Women's ParadiSms of
Scripture,- Comporanve rheoloSt: Engagmg
Patncularit].es Conference, Boston Collese,
pp77-aa.
(2otr: Caste, Gende\ and Christionity in Colo-
nial lndid: Telugu Women ir MNion, New York:
Palgrave Macmillan.

- (2or4): "Blurring tle Boundaries: TeluSu Bible
Women, Itinerancy and Social Mobility,"
Mistion at and Ftom ahe Margins: Pattems, Pro
.agonirtr and Pe6p€.tives, Peniel Rajkumar
Joseph Prabhakar DayaD and I P Asheeryad-
ham (€ds), Oxford: Regnum Book Intemational,
pP t27-41.

The Female Misionory lnte igencer (r86a): london:
Hill & Heath.

vivel(ovrrfir 0eog rr: Madras: The Chrkriafl
Literature Society.

r Rayalaseema is a contemporary euph€nism
for what the British, when they ruled India,
called "ceded disrricts" which was pan of the
Madras Presidency. At present Rayalaseema,
one ofthe regioN ofAndhraPradesh state con
taiff four districts, namely Anartapur, Chittot
cuddapah and Kurnool.

2 In colonial and mGsionary records, rh€y were
addressed as Pariahs, out-castes, Non-castes,
Madigas and Malas. ln this paper, they are
referred as Dalits and their caste name, are
used wherever necessary.

3 Missionary Edward Porter and his wife Marrha
Kilpin who t ohe. refe ed in missionary
records as -Mb Ponea were appoinred in
Cuddapah station in 1844. They wo*ed in that
rrdLion {or 24 years and rctired rn r8o8. Krlpin
was known tor her eHons lor lemale educa on

in Cuddapah district. she died in r89o (sibree

1923: 3s; simmons 1923: 9).

a The orher Eible women who worl€d rr
cuddapa-h district with the financial assistance
of BDFM under the instructions of Kilpin were
soovesheyshum, Esther Balchinsoo, Elizabeth
Joseph, and Samadhanam (Misrins linft,
January 1874: 30; January 1a75: 26; Oc.ober
r87S: 3o3)-

s By 19oo, a second generation of Bible women
started their work. After passing rheir primary
examination frorn rnission boarding schools,
$e relecred Christidn girlt were relarned in
the school and put through a .ourse which
trained them to undertake the duties of Bible
women. In the Rayalaseema region, from the
second decade of the 2oth century three years

of theoloSical training was started for Bible
women at l}le Theological Training College of
cooty (Hibbertware r9r2: r99; ARIMS r92r:
38; 1922:43).

6 Both of them applied for the job of Bibie
woman in rhe diocese. During their interview,
they were arked by bishop of the dioc€se ro tell
stories from the Bjbie and sing christian songs
(Personal interview, 22 March 2or8).
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M.p.tosystaline aisotropy

A seri6 of NiJnt .Fero.a (.r = 0.5, 0.6, 0.7) were obtain€d by co-precipitation techdque aDd followed by
sintering at 8OO 'C. The random varialion of bond an8les resembles possible ca6on redistribution ir the present

senes of fdite smples. The cation distributios eslimat€d from Mttssbauer analysis are us€d to find out the net
magnetic moment. The magnetic moment (n'r) estimated fiom Neel's sub-lattice mod€l is not consistent with
exp€riomtal magnetic momet (rr). 8ut the lnagEetic moment (n;) estimated from the Yafet-Icnel (Y-K) model
i5 in Sood agreement with the experimental maSnetic mom€nt (rr), supporting the possibility of nonrollinear
arrangement of spins at &*it€. The non'co,linear spin mtement at etahedral (B) site is influencint the
maSneti":tio! of pre#nt series fenite samples. The increase in saturation oagneti2rtion with inc.ease in Ni"
ion conrmtratioD is exp€cted due to the decrease in non-collinear spin arrangement at octah€dral (8) site.
Higher satu'aticr magnetization of 61.32 emu/g war reported for the compoGition .y = 0-7. The single domain
slructure of samplei i! evident from the hysteresis loops, but i.teEtiruly natuE of hyperEne ideractions can b€
found fiom the Mtjssbauer sp€ctra under specEal tine intensitig. Th€ incrca!€ in the blockinS t€xnperaturc
(rnagnetic orderirS) is due to the increas€ in magnetocrystallin€ anisotropy rather than an increas€ in particle
sizes. The composition r = O.7 i5 showing Sood senior respons€ for both LPG and acetone. Mor€over, its re'
Epons€ and recov€ry times are less comparing to the other two compositions and therefore it is us€tu| for the

1. Introduction

The evaluation of hazardous tas due to industdalization is a major
source for envftonmentel pollutions causinS many human health dis-
eases. Gas s€oso$ are usint widely to detect the harmfrtl gases like CO,

CO2, SO2, NO, NO2, NH3, etc [1,21. Different semicorducting oiides of
single component oxides (er: ZnO, TiO, and Eulticomponent oxider
(ex: SrFeO3, SmCoO, have been used for gas sensor applications [3,41.
Now a days spinel ferrites have also been studied for different 8as
sensor applications. The crystal structure of spind ferrite belonSs to

/d3m space group and its unit cell is cubic. Even today, the study Ni-zn
ferrite Under nanoscale dimensions for a particular apptication is very
interesting and its general formula unit is written as

(znr -,2*Fe,3*),.."[Ni,'*Fe2,'*]*r.o. ls1. ln bulk Ni-zn ferrite a.s

colcentration of zn2+ increases up to the composition r = 0.5, the
satuatron magnetization (M") steadily increaseJ due to stren8thenint of
A-B super erchange interaction and after M" steadiy decreases due lo
decreas€ iII e-B super exchange interactioD and increae in the B-B
er(change interactioD 16l. As the particle size is liEited to the mettics of
oanoscale, 6Dite size effects come into play inlluencint the cation dis-
tribution b€tween the tetrahedral (A) and octahedral (a) sites. There-
fore, the strengh of A-B super exchange interaction vaiied leading to
change in the magnetic properties l7l. Moreover, ferrite nanoparticles
can exhibit novel properties like superparamagnetism (SPM), sinSle
domain (SD) smrcture, spin-glassy b€havior, core-{hetl rnteractions

I8l.
Different values of magnetization were reported for Ni-zn ferrite

prepared by using different methods l9-121. IGvas et al. [13] prepared
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zn doped Ni-ferrite by PEc-assisted hydrothermal route and observed
continuous decrease in magnetization from 80.24 to 3.09 emu,/8. Sla-
tineanu et al. It4l in their studies ob6erved that the saturation mag-
netization is increas€d fiom 1.44 to 63 emu./8 up to -r - 0.8 in nick€l
doped zinc ferrite and there after coltiluously deseased to
M" = 43 e,r'].l/g fot x = 1. Rahimi et al. usl studied the role of Zn

addition in Ni-ferrite and they observed incaease in maSnetization from
30.93 to 9.97 emu,/g up to r = 0.3 and after declined to 1.95 emu/8.
Moreover, the above literature study that ilcludes the optimum level of
higher Elagdetizrtion is not specific itr Ni-zn ferrites synthesized from
wet chemical techniques. Therefore, it can be a more interestinS re-

sealch in ferrite nanoparticles though their physical properties are in-
tensively studied.

In our recent publication [16], we reported structural properties
that are evaluated from fuetveld refineEent, elastic propelies and FTIR
spectroscopic srudies of pres€nt series of ferrite samples. At present,

Ni,Znr -rFe2O. samples are characterized for tie magnetic properties
and their comprehensive matletic behaviou was rcporred in the
manuscript- We analyzed the exp€rimental results of matnetrc char-
acterization bad[g on the description of non-collinear spin arranSe-

ment in tJte spinel sEucture- The ferrite samples were tested for tas
sensor applications using different 8as€6 like H2, SO2, I-PG and acetone.

2. Exp€rimental m€thods

2-1. Syndvsb

Detailed description about sFthesis procedue can be foutrd in our
earlier publicatioos [17]. The stoichiometry of pres€nt nanoferrite
systems obtained ftoEl the co-precipitation techdque uas maintained
followinS chemical route.

(r)NiO26H2O + (r-,) ZnCl2 + 2!eCl36H2O + 6NaOH - (.t)Ni
(r ,)zDFero. + SNacl + (16 + 6r)Hro.

2.2. Meoswements a il chat^cterizotion

Vibratint sample magnetometer of lakeshore make, VSM 718

model was employed to evaluate the magnetization mearurements at
room temlr€rature.

Mdssbauer spectrometer operating at constnDt accel€ration mode
(triangular wave) in tEnsmi.ssion teoEetry (CG57 in Rh makix of
srengh 50 mci) has been used to record Mihsbauer spectra at room
temperature (300 K).

Quantum Desitn make physical Property measuremmt system

(PPMS) was us€d to obtain maSnetizatioD - lemperature (M-'I') mea_

surements.

2. 3. S eisor f abric ation

Th€ Ni-Zn ferrite samples were Srotmded into fine powder using

agate mortar. The obtained 6ne powder was mixed with de-ionized

water and made irl the folm of a paste. The paste was then apPlid otl

Al2o3 substrate (10 mm l€ngth) havinS a pair of Ag elecrodes (sepa-

rated by 6 rnm). It was dried and heat treated at 800 "C for 2 h. Now the
s€nsor is tlled for different sensor studies. The detailed description of
equipment used for different sensor studieJ was reported in our earlier
publication ll8l. The sensor response (S) can be evolv€d us1nS mea-

surements of serrsor r€sistance (& and &) in air and reit tas in the
given relation.
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3. Results and discussiol

3.1. XRD sddi?s

The fueweld refinement of XR-D pattems of Ni,Znr.*Fe2O4 (r - 0.5,

0.6, o.7) published in our earlier publicatron I I6l are presented again

in |ig. 1. These pattems authorized tie formation of spinel phase of
ferrite samples. The incorporation of different metal ions in spinel

structure leads to the extension of tetrahedral (/{) and octahedml (B)

sites. Generally, the amoult of differeDce in the expansion of,,l- and B-
sites is th€ ideal oxygen positional param€ter (LD and is equal to
0.375 i. The values of U estimated in the present study are listed in
t,rl,l, L The valuer of U in the present studies are sliShtly Feater than
fie ideat oryten positional parameler lU,a.a = 0.375 A) and are in_

creasing with the substitution of Ni2". This is attribuled to the charge
in the cubic s).rnmetry of spinel structure arisinS from the pinninS of
02- ions in rhe direction of (1 I 1) plane due to cation redisEibution at

A- and B- sit€s. The metal-metal (Me - Me) bond lentths, meta-

l-oxygen (Me-O) bond lengths and Me-O-Me bond angles were cal-

culated followi[g the standard procedure reported in the lit€rature

t19.201 and are listed in lable 1. The Me-Me and Me-O boad lengths

as well as Me-O-Me bond angles are prominent factors to understand

the super erchange interactions in spinel ferrites. The calculated values

of ot, e2 af,d 05 are appears to be decreasing, while 03 and 04 are in_

creasing with the dopinS level of Ni2 
*. Chakarbarty et al. [20] rePorted

the establishmen( of A-B an'd A-A interactions alrd fadint of B-8 ir-
teraction basinS on the increase of ol, 02, os and decrease of 03, 04. The

estimated values of bond angles in the Fes€nt study resemble the de-

terioratin8 ofA-B interaction and etcalatinS ofB-B interaction, leadinS

to drop in saturation magnetization. This contrast to the experim€nral

resulB and we observed an enhancement in M". Therefore, an inclusive

inve$igation on the magnetic trehaviour of presant ferrite systerns is
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Fi8. 2. Hysteresis loops for Ni,Znr ,Fe2O. (-r = 0.S, 0.6, 0.7).

needed. Howevei the random variations doted in the bond angles may
be related to the variations in structural paratnet€B that is supportinS
the possible cation redistribution in the present ferrite systems.

3.2. Mweti. studies

The hysteresis (M-IO loops (of Nilnr ,.Fe2Oa (.t : 0.5,0.6,0.7)
recorded at 300 K are shown in Fi8. 2. The values of saturation (M"),

rermant (M,) maSn€tizations and coerciviry (H.) are surnmarized in
'Iable 2. The M l, loops indicate the soft magnetic chat'acter of the

ferrite samples. Moreove!, unsaturated maSnetization even at 20 koe
represents the presence of superparamatnetic clusters those have

core-shell morphology. The paesent values of M" are less than the

EaSnetizatiotr of ferrite prepaftd by conv€ntional ceramic route
(73 emlu/g) [21]. It is ascribed to the highei disorder in surface mag-

netization with liustrated magnetic interactions in ultratrne particles
(particles under traDoscale dfulensio!5) due to extensive suface to vo-

lume .atio t221. The plot of variation of M., H. and DroD agaiist to the
conceotration of Ni2* is shown in Fig. 3. tt can be obs€rved that the
value of M, is idcreasing with the doping level of Ni2*. Rahimi er al.

[15] obs€rved a rais€ in magnetization up to x = 0.5 and aftet a steady

fatl in zn doped Ni-ferrite- They explained this magnetic b€haviour
basing on the N€eI's sutlattice model. The EaSneti?ation in ferrites is

govemed by A-a, A-A and -B-B supererchange interactions, but

0.50 0.55 0.60 0.65 0.70

Ni'z. Concantration (x)

Fit. 3. variation in (rystallite size (r!oD), saturation ,raFetirztion (MJ and
coercjvity (t]J with Ni2* concentradon-

predominardy due to A-B super e*change interaction compared to/-A
and 8-8 superexchanSe interactions. CoDsidering that the daSnetiza-

trons at B- and /- sites "" , 
"nd 

frr, the magnetization of spinel
ferrites according to Neel's tlvo sub-lattice model [23] is given as.

M,=t s-rt^t Q)

As A-B superexchange interactron increas€s, the value of r at

B-site increases and rhe value of fi; at.{-{ite decreases leading to ilr-
crease in magnetization in ferrites. From the Tablc l, it was noticed that
the values of ot,o2 and os are decreased while 03 and oa are increased
with the substitution of Niz+. It is attributed to the dilution ofA-B and

A-A exchante interactio.s and strengtheninS B-B erchange rnteracuon.
Therefore Neel's tr^ro sub-lattice model cannot conclude the ma8letic
behavoiur in the present series of sampl6. Yafet-(ittel three sub-lattice
model may be employed to anallze the variation of rratnetic beha-

viour. tn this model the &-site is divided into two sub-lattices which are

non-collinear with each other havint a cantinS angle dy r [24,25 ]. This
magnetic frustratioD will determine the magnetic behaviour, for an

instantsy-( = o', favours in A-B super exchange interactlon and

dy-r = 90' favours in -&-B super exchante interaction- ln the current
study, the followint relation has been used to estiEate..y x (cantint
angles).

,s = (10 - 3x).cosay-r - 5I (3)

where n, = experioental ma8netic moment and x = concentmtion of
Ni2 *.

Tablc 2
Saturation magnetization (MJ, r€man€xrt magneti?ation (rvr), co€rcivity (II.) and magnetic moment (na). *Crystalite size fiom nD (DriD) and particle size dis'

Eibutiotr ftodl FE-SEM (+Eser.

cmp (x) rr, (cdrvo t , (antt/A, Ir" (o.) & K (.mt/@3)x td dy x (dctr!.) D(10.r) (m) XRD D(10-r) (M) FE_SEu

-'' M.

*The valu€. of DxItD ard DfB.sfu aie takei ftom our prEvious reports ubl
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The exp€rimental magnetic moments were calcdated usint the
given relation [23] and the values of ns and ay-x are listed in Table .1.

M. M.
' Na t4 (4)

where M = molai mass of ferrite sample, lt J : saturated magletiza-
tion, N^ = AvaSadro's numb€r and !s = Bohr rnagneton.

From the Table 2, it was observed that the valu6 ar-r 2lre de-
cleasinS as Ni"- substirution is inceasinS. This is ascribed to diminish
in non-collinear arranSement ofspins at 8-6ite and rais€ of A at 8-site.
This leads to strengthen the A-B exchange interaction resulting to in-
crease irt matn€tization with the insease in concentratioE of Ni2 

+ 
. The

non-collinear arran8ement of maSnetic spins may be explained basing
on exchante interactions between the neighbouriflg spins, the positive
exchange inteSral (J*) favours collinear spin drangement, results in
ferromagnetisnn atrd neSative exchanSe integral (J-) favouE anti-par-
allel collineai spin iuranSement, results in anti-ferromaSletism. SurJ"

pose the exchange energy between the neighbouring rnagnetic spifls in
Biite va.ries in between +J- and -Jd, favours non-collinear spin
arr-anSement with a canting angle which sukantially determines the
B-{ite maSnetization. Pong et al. t26l reported decreas€ in canting
angleJ in Ni-Zn ferrites. They reported this is due to dle increase of the
overlapping of wave functrons b€tween nearby matnetic ions leadin8 to
incaease in A-B exchanSe interaction and desease in B-B exchante
lnteraction. Though the saturation maSnetization (MJ is increasi'8
with the dopinS level of Ni2+, but it is marginal. It is ascdbed to the
dependence of crystallite size of sliSht fowth, Jalaly et aI [27] pre-
pared Nio.7zno.3Fe2oa ferrite by hiSh energy ball milliry oethod and
reported a value of saturation EEgnetization (M") of 57.5 errlu,/g for
crysta.llite size of 18 nm. tn the present studies, saturation matnetiza-
tion of 61.3 emu/g was obs€rved for Nio.7zno.3Fe2or having averaSe

crystallite siz€ of 17.5 nm. It iodicale. the worth of cGprecipiration
sFlthesis to yield ferite phases possessiDs hiSher satuation maSneti-
zation. In teleral the value of M. is inJluelced by the cation distribu-
tioo, crystallite and core-rhell interactions.

The Iow values ofM. and I,r" srt8tests that the ferrite nanoparticles
are in SD state. It was observed that the coercivity is increased with the
increase in the doping level of Ni2*. The nanopa.tides with panicle
sizes less tha[ a limit De exhibits superpara-Elatnetism ald particles
with sizes greater than D, and l€ss than a critica! siz€ D. are in SD state.
In SD partides, the H" increas€s witi the increase of particle size up to
D" and above the H. decreases. For SD partides the ll" decreasec with
decreas€ in particle sizes [28] and is 8iven by.

.. hrr,=8- D\t, (S)

whereg,h = coistants and D = patide size.

The present particle sizes are supposed to treater than D, and less

than D., we can conclude that the increase in H. is according to Eq. (5).

on the other hand H" can be judted by several factors like matneto-
crystalline aaisotropy, porosity, siz€s of the domain, strain, partide size

and distribution of panicles sizes [29]. The Ir. of SD and SPM nano-
particles is given by [28].

u K' Do

"' M".At (6)

where I( = magnetocrystalline anjsotropy, D = partide size,,4 = er-
change eflergy constant and M" = satuation magnetization.

ln the preselt study, Il. increases and is varied in a manner similar
to D, M" and K From Eq. (6), H. is proportional to oF, C and inversely
varied to M", therefore we can exp€cl that the increas€ ill E may be

attdbuted to increas€ in D/or inclease ill ,(.

3.3. Mijssbo er qectroscopic suilies

Jo@ol 6 MoAn ti,n ard MoSNtic Motqids 5o2 Qom) 16s34

800'c

x=0.5
. Exp. data 

- 
Sextet A (Fe3+)

- 
Fitted data 

- 
Sextet B (Fe3')

x=0.6

1.00

0.99

0.98

0.97

a
c
=oo
o)

G
ot

0

0

1.00

1.00

0.99
0.98
0.97
0.96

, (Fe3.)

98

96

- 
Sextet B

a

x=0.7
I

-10

Velocity (mm/s)
Fi8. 4. Mijqsbauer specfd of NiJnj ,Fe2Oi (r = 0.1 0.6, 0.7).

Ni,Znr -rFe2oa (r = 0.5, 0.6, 0.7) are 81ven itl Fi8. 4- The spectra are
analfzed by fitting with a MOSFIT program assuming a lorentzian line
shape. The results of the analysis are relative to Fe metal foil and these

are summar:ized in 'l able 3. The spectra are characterized by completely
resolved sextets out ofwhich the outer sextet is due to irod (Fe3*) ion
population at A- sites and inner s€xtets are due to iron (Fe3 + 

) ion po-
pularion at 8- sites. The 8-site spectra consist of two zeeDan splittinS
(sextets) B and 8r which is amibuted to association ofFe3* ions at two
diverse environments in B- site. The assertion of a distinct association
of Fe3 

+ ions at B- site is made on the assumption that the particlei in
nano saale have larSe surface to volume ratio and therdore distinctions
may aris€ wherher the octahedral site in interior to partide or exposed

to the surface of the partide. Therefore the sites interior to the partides
may have higher fields (sextet Br) and the sites exposed to the surface of
nanopartrcles may have lower fields (sextet B). The similar beheviour in
oanoferrites has been found in the reponed literatuie [30]. The sextets

corresponding to Fe3* ion populations at.A- and B- sites io the present

studies are assitned based on the isomer shift (r) values and the cor-
responding plot of isomer shift is depicted in Fig. 5. The value of 6 of for
A- site is leis than that of B- site, because Fe3+ ions at A- site are
enclosed by six Oz ions and at 8- site are surrounded try four 02- ions.

Therefore the Fe3* ions at B- site are less shielded by s-electron density
resultiog to higher value of d. The range of d is lower than 0.5 mm/s,
indicates only the presence of Fe3 ' ions and non-existmce of Fe2 

t ions

[31 I in preient ferrite systenrs. The plot of hyp€rfine Eelds (Hl) aSainst
to the dopint level of Ni2* is shown in Fi8. I 0. It was examined that lll
of A- sire is hiSher than HJ of B- site and the H/ at A- and B-sites are

monotor cally increasiDg with increase in Niz* ion concentiatiofl. The
general scelario of increasinS trend of ]I, indicateJ the sbeogtleninS of
A-B exchange interaction. This supports the increasinS trend of M" as

reported in VSM studies. Amer et al. [32] reported similar behaviour of
hyperfine flelds in M8-doped Cu-oanoferrites. But they repo.ted a

-5 0 5 10

Miissbauer spectra recorded at room teEperature for
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Tablc 3
Hype!6ne EaSnetic 6elds (H/), isoo€{ shift (D, quadrupl€ splittiDg (I), Iioe ryidth (D ad relative areas (R^) io p€rccntaSe of tetrahedral i atrd octah€dEl B sires of

comp (r) Irm Sit6 Hypedr€ Edd, (H, T6la
(a0.1)

OraddpL splittin& ta) tM./.
( tO.o:t)

Isoms d'i& (O do,/s
(f o.oa)

Oota lire width. (n tm./s
(a o.o5)

05

0.6

o-7
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34-7
24_O5
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0.015
o.24
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Fig. 6. Plo( of hyp€rfine fields a8ainsl lhe concentration of Ni']*.

decease in magnetization with the substitution Mg2* contrary to the
present reports of magnetization. Therefore, a fi.rther detailed er(-

planation is reqirired to support the magnetic behaviour in the present

series of samples. From the M6'ssbaue! specua it can b€ observed that
the intensity of sextets is increasinS as doping level of Ni2* raises. It is
ascribed to the increas€ of magnetic ordering indicatinS the increas€ in
hyperfine interaction of ferrite nanopartides. Kazin et al. [33] r€ported
similar results in Ni-Zn ferrites. They explained the increas€ in intensity
of six line pattem in terms of increaie in particle size with srbstitution
of Ni2+. [n th€ pr€sent studi€i also the particle sizes are increasint with
substitution of Ni2*, but it is margilal, therefore we cannot eap€ct
increases in dle inteflsity of sextets oltly with the increase itr panide
sizes. Moreover, the literatue reports enable us to point out that the
particles with sizes arouEd 17 nm are exhibiting superparamaSnetism

[34], but in the present study they are exhibitinS h]?erfne int€ractions.
ln this contes! to explain this anomalous ma8letic ordering the ratio of
areas under Mdssbauer spectral line is used to estimate the cation dit-
tribution using the relation i35l.Fi8. 6.

ra _O+DlB
r^ (r - 1)l^ (7)

where Is and in = specEal areas under intensity foi B- and A-sites, rs
and f^ = .*o1 *" fractions at B- and A-{ites, }" = inve$ion para-

meter. In the present study, the ratio ofrs tof^ is assumed to be uniry

J351. The cation distributions and the values of ). estimated fiom
Miissbauer analysis are listed in Table 4. The estimated cation drs-

tribuuons are consistent with the cation distribudons eitimated &om
Rieweld re6nemenL The matnetic moments (mBa d m^\ at B- and A'
sites are calculated usinS fhe cation distribution estimated fiom M6ss-

bauer analysis. 'Ihes€ values arc used to esti$ate the net maSnetic

mommt usint the telow relation [23].

ns=ms-ma (8)

The obtained values of net-ma8netic moment are tabulated in
Table 4 as n;. The cantill8 anSles estimated in VSM srudies and the
maStretic moEeDts al B- and ,{-sites estimated ftom the cation dis'
tributions obtained from Mdssbauer analysis are lsed to calculat€ the
values of the net ma8[etrc moment aSain usinS the following relation.
These values are tabulated in Tahle 4 as n;'.

nB = mBcosot,-x - ma (9)

Table ,l
Cation distribution, maSnetic momerts (ai and ni), inve6ioo parameter O)
estimat€d [ioE! uitssbauer analysis and blockinS temp€rature (lr)-

Comp (r) Cati6 distributid "b ,'!; I Is(()

5.14
4.62
3.72

5

-r- Hr(A)

_>_ H"(B)

Hh,(81)

i

I a

a

a

(z!o6Nio rFeo dtztro z.Nio,.Fe, rlo.
(zno rsNro ,r'eo s) [zno rNi0 .sFe, .s]o.
(Zn r eNi. dF.o z) t?ro I I Nio 6Fq ,610.

t8l
2.O3

1.99

0-52
o..15

0-26

133
210

0.5
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trig. 7. Plot oI magnetic moment agairBt the con[aEation of Ni2+.

The plot of variation magnetic moment with substitution of Ni2* is
shown in Fi8 7 and it was noticed that rd is monotordcally falli[8 with
the doping level of Niz * . It is ascribed to decrease in matnetic orderint
rather than increasint and hence it is not us€fi for the interpretation.
But the va.lues of nj- being close to the experimental values of magnetic
mommts nB and are appears to be increasint witi the substltution of
Ni2+. Therefore, we propose that the possibility of non-collinear col-
lection of magnetic spins at B-site with cantinS which are affecting the
rragnetic properties in the prese ferrite systems. Altemativel, the
matnetic anisotropy is a tendency for magnetization alont a preferred
crystallogaphic directron aDd for aD assembly of maSnetic particler the
maSDetocrystalline energy E^ [36] is given by-

Et= kaTtll A
(10)

where r, = superparamagnetic rclaraion trme, r, = relaxatron time
constant, ls = Boltzmann's constant and IB = blocking temperature.

The magnetocrystalline energy (I(V) which serves as an mergy
barrier to prevent the chanSe of magnetization direction is less than
thermal enerSy (kBI) above blockidt temperatule (Ir) and time of re-
laxation r, for Danopanicles is less than r", and he[ce the internal
masnetic field at the nucleus averaSes to zero and sexters collapse into
quadruple doublet Such an assembly of ferrite nanoparticles exhibits a
state like paramagnetism and is designated as superparamagnetism
(SPM). B€low blockint temperature (Id, maSnetoqystaltine energy
(I(y) over comes the thermal erErSy (kBI) alld relaxation time r, is more
than r" then a characteristic ZeeEan splittinS (sextet) can be observed
in the Mii6sbauer spectrum [37]. Even thouSh the particle sizes are

small (DXRD = 17 nm from nD and DyE-sFM = 25 nm from FE-SEM),

from the Mtissbauer spectra we can observe well resolved zeeman
splitting and therefore we can exp€ct that the values of fB are near to
room temperature or above the room temperature arisiog ftom the
variation in maSentocrystalline anisotropy. In the present studres, the
maSnetocrystalline anisotropy is irlcleasirlg with the doping level of
Ni2+ that may be responsible for the ascendint trend of magleuc or-
derinS in ferrite samples. The plot of line widtlts (D of B- and r- sites

for the compositions atainst to Ni2* doping is portrayed in l-ig. 8- It
was observed the values of f for B- sites are hiSher and are decreasing
with the substitution of Ni" ' . The higher value of a of B- sites is en-

dorsed to the canting of ma8netic spins at 8-sites and it! decre&ent

0.5 0.6 0.7

Ni'?* Concentration (x)
Fia. a. Plot of lhe width against the concentration of Ni'z+

reflects the dilution of cantint leading to increase in magnetization as

reported in maSnetic studies. Similar results are reported in nano-
ferrites [38]. h bulk ferriter, for a normal spinel inversion parameter
l" : 1 and fot i[verse spinel L = 0. As the dimensions of parricles is
lestricted to the naloscale, the surface to volume increases, Ieadin8 to
mndom occupancy ofmetal ions itr the sphel geomet y which resdt itr
the variation of values of inversion parameter C).). The inversion
parameter (l-) is decreasint with Ni2+ ion substitution is ascribed to the

Sradual transition fiom normal spinel to inverse spinel. We conclude
that the reasonable factors for ma8netization and magnetic ordering in
the present series of ferrite samples are maSnetocrystalline anisotropy,
spin cantinS and crystallite sizes.

3.4. FC - ZFC sadies

M66sbauer studiei reveal the increases in magnetic ordering though
f€rite compositioni have nanopanicles are almost ofthe same size. To
che€k out this behaviour FC-ZFC measurements have been done in the
presence of 500 oe- The matnetization-temp€rature plo6 for
Ni,Znr ,Fe2O. (.r : 0.5,0.6) are presented in lri8. 9- In the zero Eeld
cootiog (ZFC), the sarEples are cooled fiom room temperature (300 KJ

to the lowest temperature (5 K). The magnetic field of 50o oe is apptied
at low te perature and matnetization is recorded durinS warming
condition. At 30o K the thermal agitation randomizes the magnetic
spins, but while coolinS in the absence of the magnetic field, the
maSnetic moments of partides of different sizes is frozen due to their
ma8etocrystalline anisotropy. The maSnetization becomes maximum at
a temperature where the magnetic moments don\ relax and completes
blocked is known as blockinS temperature (IB). suppose the sahple is
cooled below fB, the thermal agitation drastically decreases and the
partides of low maSnetic anisouopy are blocied and frozen in raodom
orientations. At this low temperature when a field of 500 Oe is applied,
then some of the partides with low magnetic anisoEopy is tendil8 to
align in the direction of the 6eld. As temperature increases the thermal
enerSy frees the fiozen magnetir moments and is aliSned in the direc-
tioo of maSnetic field resultio8 increase in maSnetization. The ma8-
n€tization gradually increases and trecomes maximum at fs where
thermal aSitation enerSy is balanced with matnetocrystalline enerSy.

Fuithei rise in temperature the thermal enerty overcomes the ma8letic
anisotropy afld randomizes the magnetic spins resr ting decrease in
magnetization. At blockint tefiperature (Is) the relation betweefl
maSnetocrystalline energy (KV) and thermal agitation energy (kr Ic)

--.r- Sextet A
-->- Sextet B
--a- Sextet B'l
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l39l can be written as.

K vF = 2skB.TB (11)

where X = matnetic anisotropy constant, yp = volirEe of the nano-
partide exhibitinS superparamatnetism, ts = Bolhlann's constant
and I, = hlocking temperature.

ln 6eld cooling (FC), the saroples aie cooted in the presence of a

maSnetic field of 5o0 oe and maSnetization is record€d ,iom the lowest
temp€rature in the pr€sence of a field. As the te rperature is cooled in
the presence of magnetic field, the magnetic moments are alitned in the
direction of field. At lowest temperature the magneric moments cope up
with the direction of the applied field and therefore the maSretization
becomB maximum (less than MJ. As temFrature is raised, the mag-
netization gradually decreases due to randomization of maSnetic spins
by thermal adtation. The FC and zFC curves coincide at a panicular
temperature (I.) is the transrtion temperature, which indicate! the
gansition from ferrimagnetrc state to superparamagnetic state. The
values of fs are listed in Table 4. It can be noticed that fB is increasinS
with increas€ in the dopilg level of Ni2+. For a same value of I(, as

volume (size) of particle (yp) increases the blockinS temperature (fB)

increas€s. In dle present study, suppo6€ rhe aJcending order of IB is in
the accordalce of particle size (volune size v : Dt) has to 8et near to

the sarne values with marginal increment. But the variation in TB is high
u,ith the substitutio[ of Ni2 

* 
. Hence the iDcrease in Is is a$ribed to the

increase in magnetocrystalline anisotropy (K). 'Ihe main contributions
for,l( in the present ferrite samples may due to i[terparticle exchange
interactions along with dipole-{ipole iDteractions and surface aniso-
tropy of naroparticles [36]. Upadhayay et aI. [40] reported the ca(on
distributioo results in hiSher maSn€tocrystalline anisotropy of Ni-zn
nanosized ferrites prepared by co-precipitation method. From fuetveld
and Mtissbauer analyseJ, we observed the cation redistribution in the
present ferrite systems, which may also another persp€ctrve to increrse
in matnetocrystalline arisotropy. Matnetic nanoparticles are ltrown to
be characterized by core-shell morphology [32]. As siz€s of the parti-
cles is limited to nanoscale dimensions, $e probability for layint
magnetic spins on their surfaces increases. Ttre spins on the surface
have uneven coordination with spin-glassy stucture is known as shell
(dead layer) and spils in the particle have ferrirnaSnetic order is known
as a core. 'Ihe exchanSe i[teraction among the magnetic spins in the
core and shell regions can influence Mr and ( of ferrite nanopartides.
The size of the [anoparticles also affects the cation distribution which
witl change the magnetic parameters-

3.5 SerlJor sfirdies

The gas sensor response of NiJnt .Fe2O. (r = O.5, 0.6, 0.7) ferrite
systems for different pararneters are depicted in [ri8. 10(a-d). The

s€nsor response typically varies with the operating temperature. Nor-
mally, a sensor exhibits very tood sensor r€sponse at a panicular op-

erating temperature fol a particular ppm of input 8as is the optimum
temperatue (OT)- to order to investi8ate the sensor applicability,
measurements must be taken at high seffoa response (sensitivity).
Therefore, the identificatron of optimum temperature (OT) is essential
for further gas seisor measurementi. The plot of s€nsor response for
lO00 ppm of input LPG concentration as a firnction of the operatint
working temperature is shown in l.ig. l0(a). The three compositions aie
showing the similar trend of sensor response variation with rcspect to
the operatrnS workins tempeftrture. [t can be observed that tire sensor

reiponse is low at low operating temperature and steadily reaches to
maximum with the rise in ope.ating temperature. Thereafter, dre senior
response 8radually decreases for the further rise in temperature. This is

atEibuted to the changes in the reaction mechanism of input gas with

(c)

I
t.E'
-.

at
lsa lr
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surface absorbed 02_ ions. lnitially at low operating temperature, the
thermal energy of input LPG 8as molecules is low e[ough to react with
the surfece absorbed O2 ions of the ferrite systems showint the low
seosor response- As operatiog temperatue increases, the 02 ioDs

transformed into O ions in the followhg mechaniso 02 * 20 - e.

This leads to the inuease of electron concenEation usefi, for the re-

action of test 8as. As temperature is raised the test gas reacts with the
electlon concentratiotr gradient resulting in the increas€ of conductiyity
in tems of increase of sensor reipoDs€ to a maximum value. At elevated
temperatures the sensor response is decreasinS due to the struSSlinS of
exothermic reaction for the gas absorption. The samples were showinS
the good seffor respons€ in betwee, 150 'C and 250 'C of working
temlxrarure and were found to be maximurn at 2oo "C, Therefore, we
optimized the op€rating temperature of 200 'C for the three coaposi-
tiof,s for further measlrrements. The sengor respoDsre to different LPG

concert ations at the optimum temperaiure of 200 'C is shown in
Fig. 10(b). It can be observed that the sensor response is monotonically
incr€asing with increase of input gas conceotratron (in ppm) and the
three samples are showing maximum sensitivity for 10@ ppm. The
ferrite composition r = 0.7 is showing hiSh sensor respons€ (0.75)
comparint to tie other two compositions .t = 0.5 (0.53) and r - 0.6
(0.46). The plot of sensor response of three samples for four diffeaent

Sases like LPG, H2, NH3 and CO at concentrations of 1000 ppm and
optimum operating temperaNre of 200'C is shown ir [ig. lo(c). It ca$

be observed that the three samples are sbowinS Sood sensor response

for LPc as well as for acetone. In the pres€nt study domestic tPG which
is a Erixture of propane (C:He) and butane (c.H1o) was used for gas

sensor studies. The reaction mechalism for se$or respons€ to input
LPG can b€ expected as.

C3Hs * I0O---3CO, + 4H2 O+ loe - (12)

C.Hro + f3O --4COz + 5Hr o* 13e - (l3)

The reac{ion mechanism for acetone also fotlows the atrove possible

reaction. However, the seosor req)onse is relatively low than the sen-

sitivity for LPG. lt may be ascribed to difference in the OT of maximum
seDsor reqronse. In these ferrite systems the corDposition r = 0.7 is
found to be showin8 good sensor response when compared to the other
two compositio.s. Rezlescu et al. [41] observed th€ similar tend of
variation in Nio.eecoo orMnrFe2-,Oar (x = 0.01 and 0.02) for acetone

and they reported that this is due to catalytic acuon of MnO for acetone
gas. In the present studies also due to conductive dature of Ni2+ than
zn'* , Ni'z 

* may be acted as reactive centers for catalytic reaction to the
input 8as. Altematively, the posrible reason for the variation of seDsor

response can b€ erplained in the coatext of difference in the particle
sizes. From the Table.l, it can be observed that the composition.r : 0.7

has distribution of ferite nanopartides of smaller sizes than the re_

maininS two compositions t = 0.5 and x = 0.6. tt was w€ll established
that the reduction in size of partides leads to increaJe of sudace to
voluae ratio J421. Therefore, the sample with smaller ferrite nano'
particle size has a poesibility of expected high sensor response to the

input 8as. This is due to their hiSher surface arca useful to provide high

chemical reaction with the surface absorbed 02- ions of the ferrite
sample. It can be observed that the composition x = 0.7 is showinS
good sensor response to both LPG and acetone. However, the selrsor

response to acetone is less than that of LPG. It is ascibed to difference
in OT for acetone and LPG. Generally, response time to the hput Sas

and recovery xme when input gas is cut olf are very essential to con-

struct a sensor uleful for 8as seisor application- The rcsPonse time is

the time required to attain 90% of the equilibrium value of conductrvity
whefl the test gas is applied- The recovery time is t}e tim€ needed to 8et
the initial conductiviry in air to be established in rhe setrsor. The sensor

response with req)ect to tim€ of exposure of inPut LPG tas at 1000 ppm

LPG for an optimum operatinS temperature 2o0 "C is shown in

Fig. 10(d). The response trme for the three comPositions is found 40 s

(for r = 0.7),50 s (forx = 0.6) and 59 s (forx = 0.5) when input 8as is

Joultul ol Mognaifl @n MasEtx Motaiob 5o2 (2o2o) t6s34

on. The relaxation limes are found to be 20 s (for.x = O-7), 32 s (fot
.x = 0.6) and 45 s (for.x = O.5) when the input 8as is cut off alier
reaching the static condrtrou of sensor respons€. In the presmt study, otr
comparison that the ferrite sample with composition r = 0.7 prepared
co-precipitation method is more suitable for the fabrication of a gas

4. Conchsion

Pure cubic pha6e of Ni-zn mixed spinel ferrites without recondary
phases wele successfi Iy prepared by co-precipitation technique.
Considerable catio. redistribution was observed from stoichiometric
estimations done with the Miissbauer analysis. The good agreement
b€tween the experimental values of matnetic momeot (ns) and the
values of matnetic moment (n;') calculated from the Y-K tuodel udtrg
cation distribution estimated ftom the Miissbauer analysis supports the
spin cantinS at B-site. Mormver, the hiSher value of line width at 8--site
compared to the A-site is also confirming the possibility of spin cantins
at B-site. The non{ollinear spin m€chanism at B-site is influencing the
maSnetic behaviour of pres€nt series of ferrite samples. Though partide
sizes are small, the present ferrite systemr are exhibiting the hyperfine
interactions which are expected due to increare in maSnetocrystalline
anisotropy. The major source for the valueJ of blocting temperature
neai to the room temperafure and their increase incremmt is also ex-
pected due to incease in magnetocrystalline anisotropy rather thao
increase in crystallite sizes. The composition x = 0.7 is showing ex-

ceptionally high sensd response to LPG. The response and recovery
timer for the composition r = 0.7 are 40 s and 30 s which are lers than
other two compositrons. Therefore, the ferrite composition x = 0.7,
suitable for sensor fabrication.
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2. To study about challenges faced

industria in hdia

McthodoloEr of the studY:
Sccondrry data was used for this studv _,-.
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Allhough snrall scale induskies @ntinue r.,, ",_-,,.
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ui t[an ging perspcctives.

Srinivas K T, (2013) has studicd the performance of
nicro, small and mcdium enterprises and their contibution
ia hdia's cconomic growth and coucluded that MSMEs
play r vital mlc in the inclusivc growth of lndian economy.

L Sturely urd Michapl (1998) in Intcmational
Mrdcting under he chepter "Exporting not just for small

btrsincss Sow thc problecrs for small cxporler and forurd

rtlt

' A rtlarively large domestic market and lack of

oQosue to other cultures, making the selectio0 ol

nr*as rnd identiEcation of customers in abroao

difEett.

' Tte lack of managerial capabilities and genorl
rqlource.

' Cort'olliug the forcip opcration, channel, policy od
pnysicd distribution.

by srnall
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. Underutilizationofinstalledcapacity

Thc marketing activities to be strength for selling
SSI rnanufachred products..

Mouhg of smrll scale lndustries

,_ _..1yil scale industry is an induskial unilertaking
:"1T1rh. invesrnent under fixed assets in plant and
[TTT^::S"ip.e1t, whether hetd on o*r,"..hip torn
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t. Manufacturing Enterpriscs: The entem;"-

rhc manufrcturing or production og gJoa'**.1!lgto i,
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coploying ptant and machinery in rtr" 
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1 S€rvic€ Entcrprises: The entcrprises cugapcd i"

pmviding or rendering of .serviccs "oa 
*" i.f;i"a il

tcrrns of invcstment in cquipment.
-- Thc soalt scale industrics in India whethcr io

manufacruring scctor or sefvice soctor are split up into fivi
p8rts?

l. Maoufacturing induskics: These unie arc producing

mcrchantablc articlcs for direct conzumption and also

for proccssing industdes, example: khadi industrics,
Iixd proccssing industrics, powcr looms, ctc.

2. Ancillary industics: Thc aocillary industries pmducc

ParE aDd mmponcots for targc indusfics.
3. Scrvie€ indushics: Scrvice industries arc known for

covcring atl liiht repairs shop that is esseoti'l t0

mainuG mcch-anicat' equipmint. Thcse induttntt
complacly dcpcnd on machinery.

r. Fecder industsies: Thcse industrics produce cedort

spccialised products like electroplating, cN""'
wclding etc,

98 99

,#ffi:ffi;#ffi:#ffi*r
-:PIt** Ijiii{l#.ll: j#r.'xr:
a9to\.i)-^ wide variety of products ranging from

ilf,fl l**;*lx'lf,il,'tl'ei.f, l#]#t"il.j:
fi*n:';rf "r:"Ia'"i"Jliil"#1ilil:.:il;Iinai, "*oo.y 

since independence despite of drastic

,roaiti* hom the big industrial houses and not
miscty cnriching support from thc government. The
ftllom,ing re some of the principal role played by small-
scdc industsies in tndia.

Or$nrdol of employment:
lre elcmcntal problem that is confronting the

Iig*-y"Tr.k escatating pressure of p"pufuti& oiulo ano nccds to crcate
opporunitics. ni. pr*r#?i o"lliffi','" "ff*,mf:lI.__\ n",, .of small-scalc industries * -;;i' ;;
ffiJff ffi*fl.ff"fl1"oi' ..n * ta-r;' il;:;

mumH m**,*,.*gsector underdeveloped.

oc
l-
(I,
oa
E
(o
()
..1-
.=
3
Eo
t-
(,
C)

U)



Ultimately leads to malicious outconc 6r d-
populated, pollutiog creation of slums, *.. S.ri il
industies carr overcome this problem of lndian ccono61.

by utilising local rccourses in terms of nw uuuir(

investmeot, intcflectual skill, ctc, thus brings rfta

dispersion of industries in various Pans offtc co&tyd

promote balancc rcgional developmcnt.

paymcnt
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hcn ce,l cmploycr and cmployces helps in incteasing

II"i"*.'. efficiency and minimisc tfte chancc of
;""i'*ril airprl", lcading to comparativcly lcss loss of
production and man<aYs'

CHALLENGES FACED BY SSIT

In spilc of expcdient contribution by thc SSIs

rowards the Indian economy, SSIs docs not ga the

indispcnsable supporl &om the concemcd Govaumqrt
dcpotuncnts, financial instirutions, 8anls, credit rccietics
and corporate thus the SSIs arc becoming handicap in the
facc of competition at national and intcraational markc6.
The major problans faced by &e SSIs arc discussed bclow:

Scrnty e.cdlt srJfu tsrcc
Scanry and timely supply of crtdit is onc of rhe

major pmblerns-,faced, by SSIs in India Scarcity of financc
and wcak creditworthincss is the main barricr for rhc
dcvclopmenr of SSIs in India- Thc credinronhino, oitho.
liill,*I-*:f is gcacrarry weak and tr,.".ro.. tnci-ru".
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15
DALITS AND THE SPECTACLE OF
VICTIMHOOD IN TELUGU CINEMA

Chondra Sekhor

Thc reprcscntation of caste and Dalis in Indian cincma has becomc a topic of
rcccnt interest but there has been no discussion of the depiction of caste in Telugu

cinema.' In India, the study ofthe representation of Dalis in popular cinema has

been generally limited to the discussion of posirive and negative reprcsenrarions-

I argue that the issue of representation should not be dealr with at thc level of
positive and negativc representations alone but that one should inquire into how
caste discouncs shapc a 6lm and how a 6.lm can reproduce ccrtain caste discourses.

This is what this chapter atteinpts to do, as the movie I will be anallsing gives the
impression that it represens thc issues of caste, and particularly Dalis, in a positive

way. This chapter offen a reading of the 6lm Jayan Manadoa:l'he Vote oJ Viaory
(Victory is Ours, N. Shankar,2000), a film that adopts complex positions on castc

which cannot be regarded mcrcly as positivc or negative bccausc dre film briags
up the question ofcaste while simultaneoudy relocating thc agenry ofcaste protest

and struggle onto benevolent upper castes.Jayam Manadera is selected for analysis

bccause it is markedly different from other 6lms which reprcsent Dalits in terms

of narrative and language.This movie acquired the reputation among audicnces of
bcing a progressive film that cxplicidy addrcses thc issues of caste, the empo\ /er-

ment of Dalis and thet reprcscntation in politics, thet temple entry and caste

atrocities; furthermorc, it was preised by critics for its realistic approach.:

Before analysing the movie, I will provide an overview ofhow the issues ofcaste

and Dalirs wete addressed in Telugu cinema before Jqam Manadua was rcle*sed.

The Telugu film industry is marked by thc reaiities of caste and is hierarchical

nature; frlurmakcrs, produccn, writen and artiss are almost exclusively &om uppcr
castes. lJpper-caste domination of the 6In industry necessarily iniuences even

sympathetic treatments of Dalit issues and en& up effacing the Dalit voice by
assigning the role ofreformer or leader to upper castes thernselvcs. Such representa-

tions have laryely been informed by Gandhian reformist discoune, which declares
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upper-caste Hindus'practice ofuntouchabiLity a sin; hence, they have to go thrcugh
the process ofself-purificarion and a chenge ofheart in order to uplift and accorn-
modate Dalits. The 6rst major attempr to dcal with the subject of caste and Dalis
was Gu&valli Ramabrzhmtm's Malapilla (The Untowhable Girl), which was released

io 1938.3 Such 6[ms in the Gandhian mode are centrally conccrned with the ques-
tion ofcastc by focusing on r rcformist agcnda.In most ofthcsc movies the hcro is
6om an uppcr-caste background but portrayed as castcless, progressive, modcrn and

reformed, and a follower of Gandhian ideology. The narratives of these movies ere

structured around the element of love between an upper caste and a Dalit. As S.V
Srinivas argues, an upper-caste mant love for a Dalit girl is a marker of the upper
caste's modcrniry and the goodness ofhis heart.r Furthermorc, such films want to
legitimise the idea of marriage between thc upper casres and Dalits; in ordcr ro
do that these fiLns mediate caste relations by invoking Gandhi and his ideology
of caste, quoting silo&ar from Hindu rcligious bools and consequendy reforming
Dalis as well as upper-caste communities. In most of these filnu, women become

thc symbol for this proccss of accommodating the Dalit into the upper-caste family.

Anorher clemcnt in thesc 6lms is thcir open endings or conclusions with s o&ar

ftom Hindu religious books, statcmcnts about the cladication of untouchability,
songs about the evil ofthe caste rystem or thc dedicatioo ofthe movie to Gandhi-

Howevct,Jayam Manalera is different Fom conventiond films even though it was

produced by the same industry.This was probably the first instance ofthe issue of
caste being takcn up in a movie by a non-uppcr-castc director.The director Shan-
ker, who came unde! the influence ofa Naxal movement, reads Jyothi Rao Phule

and Ambedkar's wtiring and has a penonal experieoce of povety and inequality,

wants to convey the idea that Dalits and Bahujans need social, economic and, more
importantly, politicd justice and that they will getjustice and empowcrment only
when they enter into politics.s To translate this concept onto the scren, he faced

many ploblemr, as film is a collaborative cntcrprisc. In my intervicw wi& him,
he rccalled that when he was contactcd by the producer and tie hero, who were

brothers, and their father, who was dso a producer, to nerrate the story, he did not
tell them that the film was about Dalis; rather he told the story to them in a dif-
ferent way by saying the story was about conflict between two families and conflict
arose because the hero's family took sides wirh poor peoplc and worked towards

their betterment.6 Shanker stated thar

ifl say that the movie is about Dalis, no hero accepts to act and no producer

comes forward. Being an artist, I havc nry own limitations because I have to

present my concept in r commcrcial format by having a hero who is from an

uppcr caste (in the f m and ouaide thc 6ln also).'

Despite these constlaints, the filor Jayam Manadera engages with caste and Dal-
is in a different way: the filmmaket addresses the following issues on screen: (1)

Delits contesting padryat clections at village level and becoming salpanrl (village

president), (2) land distribution to Dalits, (3) Dalits'rcmplc entry and (4) atrocities
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against Dalits cornrnitted by upper castcs. In 1985 at thc Karamchcdu massacre, slx
Dalis were killed and three Dalit women were raped by upper-caste Kaorma land-
holdcn in Andhra Pradesh. After this lnassacle, as S.V Srinivas points out, cinerna
attempted to

render the caste antagonism invisible or to disvow it. Thc dominant ten-
denry has been to avoid direct rcGrences to caste or to underplay them; for
instance, in the vciled allusions that were rclegated to the comedy track, spe-

ci6c occupations usudly marked the comedians as lower ceste.s

Altcr Karamchcdu, many ncw developments took place in the Dalit movcment.
ln 1991, thc Chuodur massacrc took place where nine Dalis were murdered by
Reddys and other upper castes.'The 73rd Corutitutiond AmendmentAct in 1992

brought significant changes by grenting seats for Dalits for the post of sarpanch it
village paathayats. Anti-reserrrtion movements demonstrated against upper castes'

resentment of I)alirs entering into spaces which were rcgarded by upper castes as

thein. However, from 1980s to 2000 thcrc was no discussion irt cinema about any

of thcse devclopmcnts. Thus the significance of Jayam Manadea lies in cngaging
with some of these issues.

The representation of Dalili in cinema har received some scholarly attention.
There are, broadly speaking, three kin& ofstudies on representation ofcaste or the

Dalit pcnona in lndian cinema. Firsdy, most of the studies attempt to catcgorise

thc rcpresentations of Dalits as positive or negative.The focus is more on ncgative

rcpresentetions of the chaiecters, the roles they play and how tiey are made firn of
or how they are given art inferior position in t}Ie narrative.r" Secondly, studies take

a biographical approach; they focus on the life ofa Ddit actor and the rypes ofroles
he har bcen given in order to analyse how or whcther caste plays a major role in the

kinds ofopportunities given in the indusrry.'r Th.irdly, some studies revolvc around

the role ofcaste in the institution of cinema.'l In all these studies, there is virtually
no andysis of Dalis in Telugu cinema and the discoune ofcaste.This chapter is nor
only concerned with the representetion ofDalits but also on the debate and discus-

sion on how the discourse ofcastc is generated through cinema.Jayam Manadeu is

examincd to illustrate how 6lrn narative attemps to resolve the complcx isucs of
caste conflicts in r*'rys advanragcous to dominant castes. I analyse discursivc sEatc-
gres which are representative of strategies adopted by Indian filnx more widely.

I focus on the kind of debate about caste that the film produces, particularly in
terms ofthe characten, srory and narrative.

Caste in ,foyom Monodero

The whole narrative of the 6.Ln is about an upper-caste hero giving up his liG
ir the process ofhis struggle for the empowetment ofDalis and how his son fulEls

the mission.riThere are three sets ofcharacten: (t) Dalits, (2) good upper casres and

(3) bad upper castcs. Mahade! r Naidu and his son Rudrama Naidu are thc good
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uppet castes.rl Their relationship to Da.lis is reformist and syrnpathctic. Mahadeva

Naidu worked for thc empowerment ofDdits and chanpioned the cause oftheir
political representarion and rhcir righr to enrer Hindu rernples, and he distributes
his lends to them.As he is sympathetic and reformist towards them, Dalits become
his followers- The bad upper cestes are Narasimha Naidu and his three brothen.
Their relationship to Dalits is hosrile when thry contcst elcctions and want to gain
cntry into the tcmplc. The relationship ofupper casres towards each orher is hos-
tile even though they are relatives. Mahadeva Naidu's mingling with Dalirs earns
him the enmity of Narasimha Naidu. It is this haned agarnsr Mahade Naidu
for siding with the Dalits that prcmpt Narasimha Neidu and his brothers to mur-
dcr Mahadeva Naidu. Upon his murdeq Dalit followers want to take revengc on
Narasimha Naidu's family and since the Dalit squad does nor succced, Mahadwa
Naidui son Rudrarna Naidu takes up the cause ofDalis and avenges the death of
his father.The narrative features eight Dalit chancten, fwo good upper-caste men
and fout bad upper-caste men.

The wholc set of caste relations is staged in three scenes. By analysing thcse

scenes and chancten, this chapter attcmpls to analyse how a film, while appearing
co spcak on behalf of Daliti to foreground dre problem of caste, ncvertheless rein-
forces certain existing caste prgudices; further it explores conradictions and looks
et the positions allotted to Dalirs il the narrative and the srereotypes rhey .einforce.
I will analyse the film liom two relatcd perspcctives: the 6nt by considering the
work as a thesis 6lm, and the sccond by looking at the rhetoric through which thc
6lm conveys its thesis, and matching it with the visuals to see how they relate to
one another.

The film as thesis

Jayam Manaden gave rhe audicnce thc imprcssion drat the whole movie is about

Dalis \ employrng long discussions about casre; I call a film rhat uses *is tech-
nique a'thesis 6lm'. I bortow the idea ofthe tlresis 6Ln Aour Steven Maras ro help

me to read this particular 6lm as propounding a thesis. According to Matas, a thesis

6lm is one which inten& to put forth a thcsis or a particular kind oftheory or
conceptualisation.Thc thesis film makes the theory its content. It is morc than just
a frlm with a thesis: the fiIm ir the thesis.The narure ofthc thcsis is irucparable &om
is mode of expression.rs ln the present movie the ahesis is ofcaste; dre conceptual

practice ofcaste is represented in and by the 6lm.At the thesis level, t}le protagonist

of the filrn deliven long dialogues or speeches which are seemingly addrcssed to
other charactcls on the screcn but are in fact addressed to the audience.This kind
offilmic technique scrvcs a crucial function as it presents the audience with a'real
sociery'offscreen whom the 6lm intends to mobilise into becoming a part of the

frame.'6 In this kind of thesis filn, t}te narrative t used to convey the message. In
such films, there are qpically speeches through which the thesis ofthe film is con-
veyed. They are not meant to tell the story ofa Ddit person or community but ro

convey a certain kind ofmcssage about caste.ln the movic, therc arc thiec speechcs
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by thc protagonist rhrough which he intcnds to higblight the irsues ofthe political
rEpresentation of Dalis, the importance ofland for Ddis, temple encry and rhe
nature ofcaste system.

The fint speech is about tbe Ddis' politicd rcpresenrarion. Basavaiah, a Dalit
leader, contests the election for the post of pauhayat president on the encouragc-
ment of Mahadeva Naidu.This infiriates Narasimha Nridut brothers who inflicts
physicd violencc on the Dalis, on Basarziah and his wifc Chandramma. Mahadcva
Naidu comes to the rescue ofthe Dalis.The dielogue berween good uppcr castes

and bad upper castes begins.Thc camcra situatcs the penon who asks questions in
the corner ofthe frame and thc hero who answcrs is in a closc-up shot occupyng
the wholc screen.Janarden Naidu qucstions how a Dalit, who is mcant to swecp thc
catde shed, could contcst for thc prcsidcntt post? The protagonist rcsponds with a

monologue:

Wlry can't Dalis contest? With his hbour, we increase our wealth, with
his sweat we experiencc luxuries, with his votes we get authority, but why
should a weak penon be kept away from authority?Votes are theirs, scats are

yours, fasting is for them, while positioru ofpower are yours.

Furthermore. whcn thc protagonist is asked by Jenardan Naidu, 'who will carry
the palanquin if everyone ges into it?', he states that 'the shoulders of the palan-

quil bearers arc tircd ofthe burden; we will know that burden only ifwc carry it
once'.r7

The second speech is at the housc of Mahadera Naidu. After the naming cer-

emony of Mahadeva Naidut child, the cemera follor*s Mahadeva Naidu while he

is walking tot*erds the balcony carrying his child. Over the shoulder of the hero,

the camera tils up, showing thc large crowd of Dalis looking at t}re camcra and

chanting 'Long live Rudnma Naidu'.Thc hero shows his son to Dalis, and says:'I

thank dl ofyou for coming here to bles my child. To have suficient food like us,

to live an honourable life in a society, you have only stomachs but no land. So you

need land.The land which I got liom rrry ancestor,I will distribute it to the poor
and landless'.

The drid specch at the temple is about Dalis'temple cntry. Basavaiah bccomes

thc prcsident of rhe viltge parchayol and according to village tradirion, thc presi-

dcnt has to offer pattu r.ustrall (sacred clothes) to god Rame and Sita in the village

temple. But the templc priest refuses to let the Dalit prcsident carry out the ritud
saying that thc scriptures do not allow a lower-caste pe.son to enter the temple.

Mahadeva Naidu tries to convincc thcm \ dnwing examples ftom the scriprurcs

(Sastras).The argument goes like tht bctwcen the two parties:

NAR SIMHA NAIDU: Mahadeva Naidu, bringing a low caste person into the tem-
ple and making him ofer sacred clothes to god is against tredition.

MAHADEVA NAIDU: Who sa)'s so?

NAR SIMHA NAIDU: The sasu'as.
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MAHADEVA NAlr)U: Which sastras are you talking about?The Holy book Mabab-
harata, worshipped by Hindus rl"s written \ Veda Vyasudu who was born
in the Besta caste, Valmiki who wrote Rameyanem is &om the Bo1.a caste.

Srikrishna who gavc us thc discourse of Geeta is Fom thcYadau communiry
AII these people are from backward castes.

PRIEST: BasavJiah is not ftom r backwad caste but belongs to the fifth caste, that
is, hc is a Dalit.

MAHADEVA NAIDU: (After rcciting vcncs &om Geeta) God Sri Krishna says that he

has created only four castes; then from where did Dalits come and who created

them? Elden who felt that Sudras are oumumbering them, divided people in
the name ofoccupations and castes.Three thousaod castes were cteated.

Howcver, the priest rcfuscs to givc a ritual welcome to the Dalit prcsident,

which is the custom of the place. The prctagonist then brings the sacred thread

(lhandyam) ftom thc tcmple, puts it on Sahadc!'udu, a Dalit who has learnt the sftlo-

&as, and asks him to tecite the s olar. As a justification for the action ofmaking a

Dalir recitc thc slriolas, Mahadcvva Naidu rccites tlre verse Janmana Jayote Shuduh,

Satsharaot dwij uehatye, which means that at birth everybody is a Sudra, based on
onc! chancteq onc bccomes dwijah (twice born). The one who rcads thc Vedas

becomes Vrprudu @rahmin) and the one who gains the knowledge of Brahma will
bccome Brahmin.Thus, he makes ttre point that now Sahadcvudu has that eligibil-
ity to recite shlokas as he knows theVedes.

In the three scenes recountcd above, che protagonirtt spceches arrest the nar-
rative. Every time both panies are engagcd in argument, the story does not move

forward. The pedagogy about caste is embedded in the protagonist\ speeches; he

tells the audieace about the naturc ofcaste. Caste is equated with theVarna system.

It is nor dctcrmincd by birth but by actioru and charactcr; this is in accordance with
the Gandhian vicw on caste. One mry be a Dalit by birth but one can move uP the

caste hicrarchy.The 6lm seems to couvey the message that caste t not an immobile

system. Other characters ask questions in order to anticipate the audience! ques-

tions.In the fust speech, the protagonist is not just arguing for the political repre-

sentation of Dalits but also gil'es a dctailcd justi6cation for his action and tells the

audience how to understand caste. The peoplc whom he is ostensibly addrcssing

in the film are actually the audience who need ro be convinced or told why and

withia what framework such an acrion can happen. In this 6lmic technique, the

action is internd to the 6lm, while thc l.ngurge is the pe&gogy of caste reform,

directed at the film audience. Hence, the audience gazc becomes an integral part

of the 6lm as they are thc pitnary t rget for this pedagogic and aesthetic project.

This technique is used bccause the audience has to be reasoned with;it is thc logrc

of the f m that those who will not listen to reason in the movie will bc bcrtcn uP.

The protagonist will usc force to make othcn listen, at least on screen.The words

ere meant for thc audrence, whereas the action is meant for villairu ot people who
do not listen to those words- Ifactions alone could have solved tlre whole issuc, the

proragonist could have surted acting, bcating up thosc who disagree; therc would
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havc been no necd for him to givc those long specches. Howwer, the spccches are
meant ro conince the audiencc, to get thcn on the side of protagonisr, so that
whatever he does afterwanrls will be justificd.

Mismatch between rhetoric and action

There is a sccond level at which thc sccncs work, a mismatch berween rhctoric
and action - the rhetoric of the protagonist and the action which follows. In the
coune ofthe narntivc, thc prctagonist srins the argumenr. Each time he pua forth
thc argumcnt, hc wins ovcr his opponens, and, ostcnsibly, the audience. He wins
the argument, but he docs not win in thc story In thc story, thosc who supposedly

speak for Dalits secm to bc losing. Mahrdeva Naidu is killed before he sccs his

dreams for Dalits come true. After his death, Ddis are hunted like animat, their
hus are burnt, President Basaviah's wife is stabbed and the whole Dalit communiry
is exiled from the village.

Ar the lcvel of the story the film is doing a balancing act: thc bad upper castc

kicks a Dalit woman and, in rcrurn, che protagonist makcs her slap him back with
her slipperThe bad upper castc cuts out thc tonguc ofDalit, and in rerum, his hand

is chopped ofl There is no clear winner cmerging. At the level of the discourse or
ofthe argument, howerrr, the party of Dalis is winning. The rhetoric claims that
Dalits and those who stand with/for them arc the winnen, while thar is not some-

thing that is taking place on the levcl ofthc action.

For irutancc, in two prcviously discussed scenes about Dalits' entry into politics

and the temple, the protagonist wins the argument and enhances the Drlits'stand-
ing; but at the level of action, he does not win on behalf of Dalits as the nalra-
rive clearly shows their inferiot status and humiliation.The 6lm tries to crcate an

equivdence around action and reaction, but socid life docs nor pcrmit this kind
ofequivalence when it comcs to the anocity ofcaste. In the narrative, all thc Dalit
characters are hun liated.With drc protagonist's encouragement, Basaa?ih contests

the presidenr's post and for that reason, his u,ife and he are beaten up. Since the pro-
tagonist asked him to, Sahadeva recites s o&ar but his tongue is cut offfor doing so.

And 6nally, they are hunted by the bad uppet castes and exiled from the village.The

rhctoric, it reerns, does not have any impact at the lcvcl ofthe action.The protago-

nist still has to bcar up che bad uppcr castes, hc still has to create a spcctacle through

his actiorx. He is a very progressivc, cnlightcned hem who gives speechcs but ifwe
look at the action thet follows the speech, there is a complete mismatch.That means

thc rhetoric is used only for thc purposes ofenhancing dte conflict, for creating the

purpose ofthe conflict.In every sccnc, the good upper-caste protegonist manages

to imprcss us with his rhetoric, but Dalis arc made to pay the price for it.
This rhetoric of Dalit ernpowerment is in line with Gandhian reform since

upper castes reform themselves; it is suggestcd that there is no necd to change the

caste order. lt can remain intrct. Upper castes sinrply would become more accom-

modating, bringing Dalis into politics, allouring them to enter inro the temPles;

in that sense the film's discursive strategics are not at all diffcrent from Gandhian



discoursc. The only di6crcnce &om Gandhian discourse is that if othets do not
rcform themselves, the hcro will be there to teach them a lesson.

I will now problernatise a few scenes which reproduce the caste hegemonies.
Though the whole story is about Dalits' empowerment, I)alit characers do not
have any significant rclc in thc narrative prcgrcssion. The dominant st.ucnres
of rcprescntation portray Mahrdeva Naidu as politically agcntial. Dalits are per-
ceived as less agcntial and incapable.Thcy cannot spcak for thcmsclvcs; they nwer
articulate their denial ofaccesibfity to education, to lands and to political power
as examples of the practice of caste. They are not capable of articulating their
condition as part ofthe larger social issuc.AsJenson Joseph argues, this'reducing'
ofDalit characten to dcpcndents enables thc narative to rcndcr thc Dalits voice-
Icss and in need ofrepresentation by the uppcr-castc figurc.rBThe protagonist has

to mediatc all the time. Out of his generosity, because he is a modern rationalist
and reforming 6gure, he is t 'illing to do something for them. He is oot one of
them, but he is willing to work for them.That division is clearly maintained. It is

Mahadeva Naidu, the radical reformist figure, who is endowcd with the authority
to reprerent the issue ofpolitical rcprcscntation and nccd for land in the language

of rational politics. The prougonist takes proactive roles such as spokespenon,
saviour, bestower, teacher and, finally, their representative. In a Gandhian way,

he retains the agency of the enlightened upper caste and becomes an object of
admiration for Dalits. Dalits have no agcnry in the narrative. Basaviah, though a

president, is never shown as angry, resisting or as a lrader - he is voiceless. He is

a pacifist and all the anger and protest comes ftom ahc protagonist on bchalf of
thcm. Even when Dalis form an undct5'round hit squad, their actions are mori-
vated by their love for Mahadeva Naidu, their leader, rather than by their own
exploitation. The narrative has given teformist agenry to an upper-caste 6gure
who is an cnlightened one, in rclation to Dalits who arc positioned as waiting
rccipieuts of enlightencd kindncss.

The Gandhian visualisation of'Harijan'is rellected in the representation ofDalit
characters by positioning them to be dependent and submissive. A close look at

some ofthe scenes in which Dalis appear on the screen would suggest that their
presence within the narrative is expected to show their subsergience through their
body languagc, words and physical gestures. I shall try to substantiate this claim by
reGrring to thc rwo sccnes in which their subserviencc has bccn stagcd in thc nar-
rative. Firsdy, when Basaviah's daughter-in-law Rarnanarnma is crying because of
her husband's death at the hands of Narasimha Naidui people, Basareih says that
he did not die for her sake and his but for their leader. He tells her,'You should not
cry for your husband's dcath but cry that w€ haven't got that opportuniry to die for
our leader'. Secondly, in the sccne whcrc Basatiah goes to invite Narasimha Naidu

to come to the temple as he t going to givc sacred clothes to gods, we 6nd thar the
language of subservience has been built into his words, as he says:

You are all clden! Greetings to all ofyou! Babu (Sir),1 am the one who is not
cligible even to climb the steps ofthe templc, but it's my luck to offer sacred
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clothes to gods Sita and Rama,This is a grcat thing not only ro me but to rrry
entirc commuuiry.

In the narrative, I)diB are meant to palonn theh subsewimce. k is not enough fot
one to merely state their subservicnce. Thcy actually have to perform it time and
time again, and a.lso accept that subscrvience has to be conveyed in the narra-
rive, that they havc no political agcnry until thc protagonist comes and supposedly
arrakeru and ryeak for them. In the coune of thc narrative, characten cannot
transform themselves; they cannot become an1'thing except by the intervention of
the prctagonist.

The protagonist's name Nai/l suggesb that he is Kamma by caste, one of rhe

dominant upper-caste communities in thc Anclhn rcgion, but hc is 'castcless' in
ahe sense that he is seen as canscending his caste identity. Mahadcla Naidu is an

enlightened modern reformed Hindu. He is someone who knows Hindu religious
books like Mahabharatham, Bhagavadgita, Ramayanama andVedas (as he rcfers to
these in the temple entry scene and teachesVedas to Sahadevudu). Hc is a strong

devotec ofHindu gods, particularly god Shia.As a part ofhis attire, hc has a chain
ofbcads around his neck. In fact whcn he is introduccd on rhc screen, the 6rst cut
is to the beads around his neck. His ideology for Dalis'empowerment comes &om
his knowledge of and devotion to Hinduism.The 6lmmaker confirmed this during
my interview es he said:'Mahadela Naidut generosiry towards Dalits comes from
his uldcrstanding of Hindu Dharma'. Mahadcva Naidu docs not qucstion Hindu-
ism, which sanctioned the caste system; rrther he is a strong follower and becomcs

an upholder of it by quoting all those ve$cs &om Hindu religious books. In the
temple entry scene, the protagonist sals that 'The elden who thought that Sudras

were oumumbering them, had divided people in the name of occupations and

castes. Three thousand castes and untouchabiliry between each caste was created'.

The above statement absolves thc Hindu scriptures ofall responsibfity for activcly
sanctioning and endoning untouchability, notions ofpurity and pollution and caste

hierarchies. The piotagonist does not futnish information about these unmarked
'elden'who created the caste system and divided people in the name of caste and

who are responsible for discrimination.
Thc narrativc uses thc strategy ofimpcrsonauon to create trust in Dalits on the

screen regarding thc goodwill ofthe upper-cxte protagonist towards thcm. Imper-
sonation, as Swathi Mar!;aret argues, is a Gendhian strategy 'through which he rein-
stalls the pdvilege of the already privileged twice-born Hiodus as icons of social

reform'.r'The rno,t;e Jaydrn Manodeu stcceeds in emplofng rhis technique, as

manifested in the charnctcr of Mahadeve Naidu and later his son Rudrama Naidu.

Mahadcre Naidu reiterrtes his impersonation of Dalis in the narrarivc rhrough
song and speeches which often encourage thc caste Hindu orthodory to reform.
After Mahadeva Naidu announces his land distribution, the song sequence begins

with the shot ofa cemera capruring Dalits beating drums.The song sequence serves

thc purposc of staging the upper-caste proragonistl characterisation before the

mass audicnce.Thcse sequences are replete with shos of thc hero participating in
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the ftstival cclebrated by Dalis, ptaying with Ddits' childrcn, reachingVcdas to one
of thcm, artending a Dalis' wcdding at a Ddis' house, a.s a fanrily dines with them
by siaing on the floor (though he is otrercd a chair). He is always with them as rhe
song describes:'his smiles made them to uttet Vedas, he will come like a relative
whenever they call and remcmber him'.I argue that in the Gandhian imaginary, it
is only through thc upper-caste impersonation ofDalits that the latter gain'human'
status.

In the narrative, there is clear language and spatid signffiers ofdifference betwcen
Dalis and upper castcs.Thc 6lm shows Dalit charecters talking in the 'local'dialect
which is associated with thc Dalit communiry while upper castes speak the formd
language. [n the panchtyat elections scenc, the camcra tilts down to wherc upper-
caste peoplc arc bcating Dalits on the premises of rhe panduyat offtce. Basa'tiah
is dragged outside the gate and the carnera 6ames Basavaiah standing betwecn

Janadan Naidu and his brothet, behind them the pawhayat offtce gate and o6ce
building.This shot offen spatid differcnce thet Dalits ate not supposed to enter into
thc por*rer structuic, the paathqat ofrce.Janar&n Naidu's furious dialogues support

this idea whcn he says

how &re you to contcst against us? This is ot:r. Parchayat; either I or my broth-
ers must be the prcsident. How dare you turn against us? (While Janardan
Naidu is srying these wor,&, his brother snatches the nomination form from
Basavaiah and tears it arrd Basaviaah is thrown to the ground) I will hack you.

The framing of this scene cleady illustrates the inherited attitude of upper castes

about owning political space as their properry: Dalis should not dare to enter into
that space; ifthey do, it will rcsult in hacking them down.

The second instance is about l)elis'place in upper castes'houses. In the naming

ccremony scene, when Narasimha Naidul fan ly enter the house of Mahadewa

Naidu, there is a cut to the inside of the house whcre Narasimha Naidu and his

brothers want to sit.When thcy are about to sit, Basavaiah and his friend, who was

sitting behind drem, grces them.Thcre is a cut to Naasimha Naidui face which
indicates that he is angry to see Basavaiah there (maybe because Ddits ere therc

in that space or because he became prcsidcnt). Basaviah and his 6iend (D"li$ *
sitting in the last row. In fact it is herc that we come to klow through a comcdic
character that Besaviah has become the president when he says there t a glow in
Basaviah's face. Then the cemera emplop a wide shot in which the prctagonist

and his relatives are Iiamed. In this frame, tsasaviah and his friend are barely vis-
ible as tiey were sitting in thc last row- Exccpt Basavriah and his friend, thc wholc
Dalit community is sunding ousidc; this cleady scnds the message that Brsavaiah

t allowed inside because he is a president.And despite the fact that he iJ presidcnt,

ir upper caste Mahaden Naidu's house, who t their leadcr, his seating position is

in the last tow.

Dalits arr incorpoated into the mainsmam through tsrahmanisation, a process

by which Brahmanical practices and idcas iniucnce Dalis who assimilatc thcm



Dalit5 and the spectacle of victimhood 2:!3

as thc basis for organising thet religious life.a,The narrative depicts Sahadevudu,
a Dalit, as someone longing for Brahmanism, nor as someoue who rebels against
Brahmanism, which legitimises his communiry's oppression in the name of caste.
Sahademdu is shown es dcsirous oflearning rhevedas, and the protagonist makes
it possible for him to lcarn them. In the temple enrry scene when the Brahmin
reflrscs to recitc sfilotas, it is Sahadevudu on whom thc protagonist puts the sacred

dread and makes him recitc sfilolas.According to 6lm scholar Madhav Prasad, it is
not the whole Dalit community but Sahadevudu (as an exceptional penon because

he learned the Vedas) alone who can be admitted inro a slightly expended idea of
Hinduism by making him an extraotdinary and exceptional figure.,r

If we do a close reading of the temple entry scene, it provides us with the
underlying but cleat message that Dalis arc not supposed to ofer the so-called
sacred clothes to Hindu gods. After Mahadeva Naidu puts rhe sacred thread on
Sahadenrdu and encourages hirn to recite rtlo&as, Dalits enter the remple along
with Mahadeva Naidu, who stan& in fiont of them as if he is leading them. As

Mahadeva Naidu is in front, he 6rst places the Pooja items in front of the Rama
and Sita idots and immediately the screen fills with si.lence ; rhcre is no sound of
sfilo&as fiom Sahadevudu.Thc camera cuts to outside the temple whcrc the vi.[ains
cut Sahadevudut tonguc o6in response to Mahadevr Naidu's argument andjudge-
ment. In tJle whole scenc, though BasaEiah enten the temple along with his com-
muniry he cannot offer sacred clothes because a Dalit o$ering clothes to Hindu
gods violates the existing norms.And ifa Dalit who is regarded as pollutcd strivcs to
recitc sllotas, thc rcsult must be the cutting offof thc tonguc and the punishment
ofmuteness for the rest ofhis life.

Caste configured through gender

This scction will cxamine how castc relarions ar mcdiated by gendcr. Wc nced

to observe how the question of caste is intcrlinked with the question of gender as

it is difticult to understand castc without gender. The social relations of caste and

gender are based on the cxercise ofpower through the use offorce.t There is one

scene in the movie where the narrative reaffirms authoriry in terms of both castc

and gcnder ln the paathayat election scene, Basavaiah is beatcn up by Narasimha

Naidu's brothers for trking the norniaation form for thc post ofPdr.rrdya, President;

he is tied to a jeep and drrgged around t}te square. Chan&amma, Basaviah's wife,
plea& with Naresimha Neidu's brother to leave her husband alone but he rubs a

burning cigarette on her shoulders, pushes her to the ground, uses abusive language,

kicks her pregnant body, crushes her hand with his foot and asks his brother to drive
the jeep over her.While the jeep is coming rowatds hcr, suddenly, the camera shifts

its focus on the Dalit mcnl cyes, which look he$less, and on the Dalits who are

nodding their heads with sadness (as ifit is their fate). She is crying but there is no
response &om the Ddit men who are standing thete. This entirc scene draws the

attention ofthe audiencc towarlds the incrcasing violence that imposes the main-
tenancc of ordcr ir rclations ofcastc and gcnder. Dalit woment bodies bccomc a
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site of exploitation and violcnce.AsVasanth and Kalpana Kannabiran arguc, gendcr
widrin caste society is de6ned and structured in such a manner rhat rhe'manlood'
ofthe caste is defined both by thc dcgrcc ofconttol men exercise ovcr women and
the degree ofpassiviry ofthc women ofthe caste. By the same argument, demon-
streting control by humiliating women ofother castes is a ccrtain way ofrcducing
the 'nunhood' ofthose castes.! This is why, whilc Chandramma is being kicked in

Publi€, the men ofher castc are standing in si-lcnce and cannot stop the uppcr-caste
meu because the smrcture of relations in caste society cestrates them *rrough the
cxpropriation of their womcn. They are denied the right to be men; in relation
to the upper-caste prctagonist and villains, Dalit men are emasculated. In a sense,

f)alis carnot spcak; they are waiting to be saved and have to bc upliftcd by the

hlpermasculine hero.za

The provocation for the upper-caste men who humiliate Chandremma is

twofold: fust, u/hilc her husband Basaviah is dragged along by the jeep, she asks

Narasimha Naidu\ brothcr to leave her husband alone by saying that'we (Dal-
its) are brainless as wc could not rcalise that your parents have given birth to the
(presidcnt) chair along with you'; secondly, by obeying the protagonist Mahadeva

Naidu's words ro bring another application for nomination. In doing so, Chan-
dnmma clearly trarugrerses the limits ofher caste status, which is defined by passiv-

ity and submissiveness. Exercising control over the Dalit female body signifies the

affirmation of upper-caste ment power. Apart 6om the violence perpetrated on
Chandnmma, this cntire scene must be scen as an assertion ofpower over dl Dalit
men and womcn.When the protagonist comcs, he stars to tell Narasimha Naidu's

brother (and the audience) about the importancc of 'pregnanry'but not about the
importance of 'women'. Generally, in other 6lrns, when women are hurt, mistreated

or beaten by thc husband, thc hcro speaks about the importance ofwoman but here

thc prctagonist speaks about pregnanry as ifa Dalit woman is not worttry ofbeing
considcred as a human bcing. Usudl); the hero would say:'do you know whom you

slapped, kicked etc.'; but here, in the case ofa Dalit wonun, it is not ruhom he kicked

but rriere.The focus shifs ftom the person to the state ofpregnancy.

Violence to Dalit women becomes the central conflict in thc narrative. The
norion that Dalit women can be discriminated against even more than Dalit men

has becn shown in the scene by positioning her in thc narrative to be kicked twicc
in thar scene, and in a later sccoc, shc is stabbcd. ft portra)s the Dalit woman's body

as something that can be easily uscd, abused, tornrred and finally disposed of.

Concluslon

Being ftom thc Bahujan communiry the fiImmekcr had to face many obstacles to

create a movie on Ddit empowerment. Eventudly, when he nanslated his social

concept onto the screen, he could not go beyond the Gandhian rcformist frame-

work, which is encoded in the space ofmainstream cinema. Neither the dornina-
tion of upper castes in the industry nor the fact that a particular 6lm is made by

a person from a particular castc can direcdy givc us a cluc as to the ideol y of
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the film. Thc ideology of the frlm is determincd not only by the casrc identitics
of thc industry or rhc Flmmaker but also by esrablished ideologies in society and
established formats rn flJrrrl.. Joyan Manadeta does nothing to change the discourse
of cesre; rather, as Jenny Rowcna algues, it purs forth a 'pseudo-radical message

on the qucstion of caste and reproducing the caste/gender hegemonics'$ by re-
allotting thc positions to thc pcople within this e:risting discourse.Thc prot.agonist

docs not question thc authority of the Vcdas or scripaura.l sancrion ofthe practicc
and authoriry ofcaste.The film certainly critiques all those who are supposedly not
following the caste order propct$ but the system remains untouched.The enlight-
ened upper-caste protagonist\ position is to rcioterpret the rystem in accot&nce
with the somewhat different status off)alits. Dalits are still voiceles subjecs, with-
out self-pride. No lcader emcrges amoug thcm in thc 6lm. Evcn ifthey do emerge,

as with Basaviah and his group, they want to die for their upper-caste leader.The
film tries to show the kinds of humfiation that Ddis are subjeaed to but ar rhe

same time the question of who perpeEates humiliation, who protess, who saves

and how this whole scenario is staged become important issucs.Telugu cinema has

deaft mainly with the superficial populist stereorypcs of Dalit Lives and has hardly

cntercd into the corc debatc ofsocial realitics.
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Notes

I The Telugu Cincma industry, also known x Tollyvood, is a pen of Indian Cinema aod
poduccs 6lms in thc Telugu languagc. It t ccnted in Hyderabad, in thc lndien statEs

ofArdhrr Pradcsh and Tclaagaoa. The iodusry holds rhe Cuinness World Rccord for
thc largest 6lm production facility in the world. As pcr the CBFC rcport of2012, the
industry is placed second in India, in terms ofyearty 6lm production. For en overview of
filugu Cineoa secYves Thor*,eJ, Thc Chtma of Iadia (1t9G2O00),344-353.

2 Thc discussion generated around the movic in newspapers was that tie hero depicts
someone who bclicvcs th:t all human beinp ere equal and 6ghs for soci:I, economic
and political justicc. The dtcctort ennounced in thc pr.sr thatJlorhi Rao Phule inspircd
the hcro Mahadcva Naidu's characer (Andhra J}othi, Scptcmbcr 3, 2000, p. 4,Vaartha,
Octobcr 13,2ff)0, p. 14; Andhra Jyothi, Octobcr 13,2000, p.4), so meny Dalt and tsehu-
jan actMss watched the movie and comequcndy bccemc is advocates.Janga Gautham, a

I)alir activrst, poct, writer andjournalist, criticiscd rhc movie:'thc strtemcnt that Phule is

inspiratron for the movie end for thc chanctct of Mahrdels Naidu is a trick ofdircctot
to atE-rct downdden pcople.Thcrc is ao comparison betwccn Phulc and Mahrdeve
Neidu's cherecter.'l thank Janga Grutham for giving me his unpublished interview of
the movie. It uns published in one ofthe Dalit magazincs but we could not locale ll.

3 Orhcr movies on c2ste ere Pattalu Pattirnp u (1968), Kaalan Maari di (1972), Br'y'ip.ctait

(1975) Saptapadi (1981), Ananda Bhditut'i (1983). Derhyara (1985), .Suuyon Knr.thi (1987)

rnd Rudraveena (1988).
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4 S.V Srinirns,'Gandian Natiorndisn and Melodrama in the 30's Telugu Cinema',Jolmal
oJ thc Moving lnage, I (Auomn 1999), l9

5 Shankcr wx born in the Nalgonda disrict (the Naxalite Mor,rment was accivc in rhis dis-
tricQ,Tclangenr. Hc bclongs to ahc Dadi or Mcru caste (Biloring is rhe occupation ofrhis
cAste), which is c{egortcd es e beclrrarerd casle ir Telangana. His oth er flr,:,s erc Ewo:,ltct
(1997), Sfte Ra,zulo,ita g99a), Nadrorhalan (2002\ and, Jai Blblo Telagaaa (201,1).

6Iin(erviewedhiminhisofiiceinHydcnbadonFebruary18,20lS.Theinterviewwe.s
carried out in Telugu and I translatcd his wonds. I thank Dr. Laxman Aelay for providing
an opporcunity to mect thc dircctor and I dl.nk director Shankcr for giving me his ulu-
ablc dme and shering with me an unpublishcd documcnt on this 6lm.

7 Shankcr said that after natration! thc ploduccr rnd herc acceptcd rhe story becaase they
Glt thi.r movie hed commercid elemcnts, thc potcntial for a mass slovie, a:rd gue milc-
age to thc hero.Their fither Ram.:oaidu acccptcd bccausc by thcn hc was in politics rs
a mcmber ofpadiament and he thought that this lilm could bc useful in its appeal to
dorrntrodden pcoplc in Andhre rcgion in coming elections- Hcncc, they had their own
intcntions to accept this movie.

8 S. V Srini!"s, 'Fens end Stars: Production, Reccption and Circul3tion of the Moving
Imegc', Ph.D. diss., Univcrsity ofHydcnbad, 1997, 133.

9 Fot mott ioformation on the Kararnchcdu and Chundur rn ssacrcs, see thc introduction
of K. Srryanaral'ana and Susic Tharu, c&. FromThose Stubs, Steel Nibs dre Sryutin!: Neu
Dolil Writiflefon &'uth hdir Dossier 2 (Noida: Harper Collins Publishcn Indir,2013).

10 Sce Ravi Srinivas and Sundal Kaali,'On Caste and Comcdi.ns:Thc lenguage ofPou,er
in Reccnt Thmil Cincma', in 'fhe Sectet Politia o.l ()n Desircs: Innoceue, Culpahility and
Indian Popular Cirerra, cd. Ashis Nandy (Ncw Delhi: O1JB 1998),208-227; Dickens
Leonard, 'Spccuclc Speccs: Production of Castc in Rccent Tamil Films', Solri .4siar
Popular C turc,13, no.2 (2015). 155_173.

11 See Sujith Kumar Parryil and Ujith Kurur Prayil,'Visual Pcrception and Cultunl
Memory:Tlpecasr and Typecast(e)ing h Mdey:Jam Cneura', Sltloptique-An ()aliac lour-
nal oJ Filn and Moving Lnages Studics,3, no. I (Spring 2014),67.

l2 S€evidushi,'Cinemaoc Narrative:The CoDsmrction ofDalit ldentity in Bolll.wood', in
Media, Mmgins ond Pop lat Cuhwe,ed.Einat"lhonen, Herther Savigny,Jenny Alexander
end Danicl Jackson (l.,lewYork: Pdgravc Macmilhn,2015), l23_135: S.V Srinivas, Politts
et P.lfoonarw: A Sodal Hbtoty d tfuTclugu Citna (New Delhi: Perm.ancnr Black, 2013).

1 3 Thir movic has been dubbed in Hindi es Dun: Man d Pouw (2000) wwwyoutube.coml
$rtch?v=EQUgE4EV-YM

14 For urious tcchrdqucs that Indian cinema uses to reinstitutc thc preconceilrd culturel
notions ofDalit castcs,see Par:yil,'Visual Perception rnd Cultural Memory:Typccast afld
Typecast(c)ing in Malaplam Cinema', 67-

15 I usc Steven Marrsi article'Notes on a Genre to Come: Screen Witing and the "Thesis-
6lrn"'to help conceptualise whrt the thesis film is, even though Stevcn Marat cxplorcs
tbc rhcris 6lm in thc conrext ofscrcen l*Titing.

16 S.V Sririres calls this kind of 6lmic technique'movie mistrke'. Sce Politic as Po-formaue:

A Social History oI the'Iblugu Cincma,ll7.
17 AII trenslations arc minc.
18 Jenson Joscph, 'Rcvisiting NcclalJrufll; On thc Left! cul', 77tPz{S,1M (April-Scptcm-

bc 2Ol2),4849.
l9 S\rathy Mer8arct,'Culturel Gandhism: Casting out the Dalit Wornan', EPE XLVIII, no.

18 (May 2013),87.
20 Brahmaniatiou is the process by which the lower ca:tes seem to rdopr the custotru 2$d

urry of lifc of Bnhmios. For r discursion of thc notion of Bralm nis.rion, see M. N.
Srininrs'.s articlc'A Nolc on Sanskritizstion and Westcrnization', fie Fat Ealem ()tat-
taly, 15,no.4 (1956), 481--496.

2l My penonel convcrsation u.ith Prol Madhav I'rasad. Similar exccPtional Dalit figurcs
can be seen in che 6lms Mdldpi a (tfu charactcr of Kanchanamala) and Wtapddi (thc
charactcr of Haribabu).
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22 Rapc, harassmcnt, exploiation end abusive lenguage arc common atrocirics perpemtcd
on Dalit women in a m:jority of 6lnx. Bur Drlit womm havc been givcn very littlc
spece oo screen compatrd to Dalit men.

23 Krlpana andVasanth Kannabinn,'Castc and Gsndcr: Undcntanding flnamics ofPower
rndviolence', in LrF dr a Ddlit:V.usfurn the Botto,/. on Caste in India,ed. Subha&r Mitra
Channa and PJoan (Dclhi: Sage Publication, 2013), 288.

24 Devon W. Ca$rdo uses the tcrms cmasculation and hyper masculinity to dcscribe thc
naturc ofBlack nTale suffering in rclation ro lfhitc men in his article,'The Construc-
tioo of O. J. Simpson as e Racialucrim', in Black Men ot Ratc, Cender and Serual-
itl: A Critiul Reade4 cd. Dcvon W Carbedo (NcwYo*: New York Universiry Prcss,
le99),170.

25 Jenrry Rowena,'Reading Iaughtc:Thc Popular Maleyrlem "Comedy-Films" ofthe I:te
8Os and Early 9ft', Ph.D diss., CIEFL University,2[)2,36.
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Abstract
Mixed spinel ferrites with stoichiometric equation Niln,,Jeroo (r=0.5, 0.6, 0.7) were synthesized by co-precipirarion
technique and consequently heat treated at E00 "C for 2 h. EDX spectra concluded the stoichiometry ofelemental composi-
tion of present ferrite systems. Rietveld refinement of XRD patterns confirms the cubic spinel structure of the ferrite phase

belonging to FdJm space group. Lattice parameter (8.398-8.387 A1 is foumi to be in non-monotonic variation, whereas
crystatlite size ( 17.2-l7.5 nm) is increased. From F-E-SEM studies, the bigger ferrite nanoparticles (range of 27.9-39.4 nm)
are fouod in the samplc of composirion x= 0.6. The variation of theoretical tetrahedral and octahedral bond lengths (Rf, and

l?!) is quite opposite to the variation of bond lengths (Ro and Rs) calculated from the Rietveld refinement. The vibrational
frequencies in FTIR spectra (ranging from 592 to 385 cm r) cope with the formation ofspinel phase supporting the XRD
results. The ela-stic moduli of present ferrite systems appears to be increasing, bul (hese values are high for the composition
r=0.6. The isotropic nature of present ferrite systems has been revealed from the same value ofPoisson ratio obtained for
all compositions.
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Spinel ferrites are the active magnetic materials in the wide
spectrum of applications like transformer cores, high-den-
sity magnetic recording, high-frequency absorbers, sensors.

photo-catalysts, etc. [ -{]. The physical properties of mixed
ferrites like Mn-Zn, Mg Zn, Ni-Cu, and Mn Ni have been

studied specified for a particular application. Among these

ferrites. Ni-Zn ferrite is distinctive due to its important
properties such as high resistiyity, high saturation magneti-
zation, low eddy current losses, mechanical hardness, etc,

l5l. The reconsideration of Ni-Zn ferrite possessing nano-

dimension crystallites surely preludes a new approach for
biomedical applications like targeted drug delivery, cancer

treatment with hyperthermia, etc. [61. Spinel ferrite has a

crystal structure MFerO, belonging to Fd3z space group. M
in the spinel structure formula unit represents divalent metal

ion like Ni2+. Mnz+, Mg2*, zn2* , Cd2+, erc. In rhe spinel
structure, 02 anions are crammed into fcc lattice with two
co-ordinated interstitial sites, namely terahedral (A) site and

octahedral (8) site. The occupancy of metal ion (M) in these

sites will characterize the spinel structure of the ferrite, in
such a way the complete occupancy of the M into the A sitc

I'uhli\hsl onlirtc: l{.,llt l{)19 @ sp;"g".
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depicts normal spinel and the compl€tc occupancy into the
B site depicts an ioverse spinel structure [7].

It is well established that Ni ferrite is inverse spinel with
formula unit (Fe3+),.*[Ni2*Fe]+l-*O4 and Zn ferrite is nor-
mat spinel with formula unit (Zn2+)("t."[Fe,]*1n",,O4. The
combination of these two ferrites will give rise to a mixed
spinel with formula unit (ZnIJd+)dnlNil+FeX,l,x1aol [7].
In contrast to this formula unit, cation redistribution may be
possible in the spinel structure that influences the structural,
magnetic, electrical properties, etc. [8, 9]. Many researchers

studied the structural and microstructural properties of dif-
ferent ferrites and mostly reported that these properties are

structure sensitive. Recently, we reponed structural, micro-
structural, and elastic propcrties of Mn,Zn,_ferO. (x=0.5,
0.6, 0.7) nanoferrites prepared by sol-gel autocombustion
and co-precipitation tcchniques [0, ll]. We found that
the methods of syntheses and nature of precursors (metal
ions) are influencing these properties. Moreoyer, the sec-

ondary phases found in these ferrite systems are aflecting
their elastic properties. However, a comprehensive study is
still to be required for insight understanding of structural
and elastic properties even in terms of metal ion sizes and

microstructural parameters. In the present study, a series of
Niln,_fe,O, (x=0.5,0.6 and 0.7) ferrite nanoparticles
have been produced by co-precipitation technique and heat

treatment was carried out at 800'C for 2 h. The samples

are characterized for structural and microsmrctural proper-

ties. Rietveld refinement has been performed to evaluate the

complete structural features of preselt ferrite systems. In this
paper, we reported the results obtained from the analysis of
structural, elastic, and microstructural studies.

2 Experimental methods

2.1 Synthesis

Analytical grade nickel chloride (NiCl2.6H2O), zinc chloride
(ZnClr), and ferric chloride (FeCl_1.6H2O) are considered
as initial precursors to prepare NiTn r_,FerO, (r=0.5,0.6,
0.7) ferrite nanoparticles in the present study. The complete
description of method of synthesis can be found in our previ-
ous publication I l2].

2.2 Measurements and charactelization

X-ray diffraction patterns were recorded using Phillip's
X'pert-PRO X-ray powder difractometer with a target of
CuK" (,1= 1.5406 A) radiation.

Carl Ze iss Ultra 55 model field-emission scanning elec-

tron microscope has been employed to study morphology
of the samples arld the respective compositional analysis
through EDX spectra.

Shimadzu FTIR spectrometer was employed to
record IR spectra for the ferrite samples in the range of
250-4000cmI.

2.3 Rietveld refinement

The strucrural analysis for the calculations of latticc param

eter, bond lengths. atomic co-ordinatcs, and site occupancy
for the present series of samples has been done by fuetveld
refinement on X-ray diffractograms. For the sake of meth-
odology, a briefdiscussion on Rietveld refinement was pre-

sented. First and foremo$ global parameters such as 2d-zero
and background were refined and after Rietveld refi[ement
of the XRD patterns were performed with the FULLPROF
program in the WINPLOTR suite of programs. The quality
of fit of the experimental data was checked convoluting the
reliabiliry factors R*r, R""n, and goodness-of-fitf using the
following distribution formulae [ | 3, l.l]:

*_^=,*fI,=,.,,1v,-I",1'l'/'. (r)wr' 
| Lt=,"',i l

where y, and y",, are the observed and calculated profile
intensities and w, is a suitable weight.

*...=,*[]-l'". (z)qP 
lZ,*rt )

where N- P is the number of degrees of freedom:

, 8*o
)(

R"*n
(3)

Refinenrents were carried out till convergence is reached

for the value of the goodness-of-fit close to 2.

3 Results and discussion

3.1 EDX studies

Energy-dispersive X-ray (EDX) spectra have been recorded

to evaluate the elemental composition ofpresent ferrite sys-

tems. The EDX spectra of Niln,_fe,Oo (-t=0.5, 0.6, 0.7)
nanoferrite systems are portrayed in Fig. l. The results of
analysis corresponding to the calculated atomic weight ratio
of Ni:Zn and (Ni, Zn):Fe for the compositions x= 0.5, 0.6,

0.7 are found to be 0.98, I .48, 2.29 and O.49,0.48, 0.49.
These observed composition ratios are consistent with the
expected stoichiometry considered under prepa.ration.

@ sp.i,g*
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ti9.2 Rietveld rcfinemcnt of XRD tratt€ms for Ni1-n|-Je1O|
(r=0.5, 0.6, 0.7) naooferiles

secondary phases and unreacted metal oxides are not id€n-
tified in the diffractograms. The diffraction pcaks indexed
with (220), (31 I ), (400). (422\, (st I ), (440). (620). and
(533) ensure the cubic spinel structure and are consistent
with the diffraction peaks of Ni ferrite (JCPDS card no.
86-2276) and Zt fenite (JCPDS card no. 82- 1049). The
broadening of the peaks under the observation is an evi-
dence for the presenca of ferrite particles having nanoscale

dimensions. The reliability of refinement is marked by
considering the various R-factors like weighted profile
factor (R*p). expected factor (R..p). and goodness-of-fi1
(1.). The resul(s oblained in the Rietveld refinement per-
formed on the diffractograms of present ferrite systems are

listed in Table l. In general, the weighted profile factor
(R*.p) and expected factor (fcxp) are known to be slruc-
ture sensitive [ 15, l6]. The observed variations of these
parameters in the present Rietveld analysis looks to be
synonymous for the noticed structural changes in the pre-

sent ferrite systems, whereas the values ofgoodness g/) of
lit describe the liability of refinement used in the analysis.
Comparable Rietveld analyses for Ni-Zn fcrrites I l7] and

TaUe I Rie(veld agr€ement
factors like weightcd profile
factor (R*n), expected factor 

-
lR*e). and goodness-of-fir ff)
for Niln 1-,Fe,Oa (.r:0.5, 0.6,
0.7) nanoferrites

510 15

sl0 15

Eg.I EDX sFctra for r Nio.5Zb.5Fe2O& b NioZnoaFEO., and c
Nio?Ztro.lFe2oa

3.2 XRD studies

The s{ructural features of Ni,Znl-fe.Oo (r=0.5,0.6,0.7)
nanoferrite systems have tleen investigated through X-ray
diffraction. The XRD diffractograms which are refined
using Rietveld refinement are given in Fig. 2. The Riet-
veld refinement revealed the space group offerrite systems

belonging to Fd3m, and the traces corresponding to the
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*=Mh+rf,*,l,

for other ferrites have been reported in the literature [2,
181. The crystallite size (using Debye-Scherrer formula),
theoretical lattice parameter, and X-ray density have been
estimated using the follo\ ing relarioos [l9]:

o= ki
- - flcoso' (4)

where D, A, p,0, and t (:0.89) are the crystalli(e size, wave-
length of X-ray beam, full width at half maximum (FWHM),
Bragg scattering angle, and shape factor:

occupying tetrahedral (A)/octahedral (B) sitos in the for-
mula unit (Zn, -,Fe,)[Ni,Fcr_,JOa. For comprehensive
understanding, the atomic positions of Ni2+ and Znz+ in
tetrahedral (A) and octahedral (B) sir€s for the composition
x = 0.5 are shown in Fig. 3. The values of crystallite sizes
(D), experimental lartice parameters (a), and tetrahedral
and octahedral bond lengths (R, and Rr, { and Ri) are

summarized in Table 2. The theorctical lattice parameters

calculated using (Rr, Rr) and (Rl, R!) are also listed in
Table 2 as a,n and aln. It has been observed lhat thc values
of n,n and a are consistent with each other, but the differ-
ence between afn and a is abotst 4.4Vo. This discrepancy
suggests that the metal ions are redistributed between the
(etrahedral (A) and octahedral (8) sites against to their
normal prefcrences. The change in tetrahedral and octahe-
dral bond lengths in regard to the concentration of Ni2+ is
shown in Fig.4. Moreover, as Ni2+ (0.69 A) is subsriruted
in Zn ferrite, transfer the Fe3* (0.64 A; ions from octa-
hedrat (B) site to the tetrahedral (A) site, and hence, we
can expect a decrease in tetrahedral bond length (fi1) and
an increase in octahedral bond length (R!) as reported in
Table 2. However, wc observcd an opposite phenomenon
in case of Ro and R, estimated from Rietveld refinement,
including Rr< Rl and Rr> Rf, {see Fig. -l) which can sug-
gest that Znl+ and Nilt are randomly distributed between
tetrahedral (A) and octahedral (B) sites in the spinel struc-
ture against to their preferential occupancy. The cation
distributions in the present series of samples have been

done from the intensity ratio of diffraction peaks and using

(5)

where Ro and R, are tetrahedral and octahedral bond lengrhs.
However, &,{: r,4+ r (O) and Rr= rr1 {O); here, r, and rg
are the ionic radii of tetrahedral and octahedral sites, and
r(O) is radius of oxygen ion ( 1.32 A).

8Mp,=;-, (6)

where M, Nn, and a are sample's molecular weight, Avoga-

dro's number, and experimental laftice constant, rcspectively.
The tetrahedral and octahedral bond lengths estimated

from Rietveld refinement are denoted as Ro and Rr. The
thooretical tetrahedral and octahedral bond Iengths are
denoted as Rl and Ri. These values are estimated basing
on the assumptions that Zn2+/Ni2+ ions are predominantly

Fig.3 Atomic positions of
Ni2+ and Zn2+ in the tetrahe-
drzl and octahedral sites for
Ni, jzno 5Ft2Oa nanoferrite
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Full Prof program. Initially, the diffractograms are fitted
considering the marked occupancy ofZn2+ into tctrahedral
(A) sites and Ni2+ into octahedral (B) sites. However, the
observed intensities from the profile fit could not match
with th€ experimental intensities. This enables the possi
ble random occupancy Ni2+ and Zn2+ into the tetrahedral
(,4) and octahedral (B) sites. The profiles are refitted, and

the results of refrnement along with cation distributions
estimated from Rietveld refinement are given in Table -3

to support the above iugument of cation redistribution.
The experimental lattice parameter in the present study
appears to be decreased with the increase in Ni2+ sub-
stitution. This can be explained based on the difference
of ionic radii of metal ions. The substitution of smaller
Ni2+ (0.69 A) ions for bigger zn2*10.74 A) ions causes lat-
tice shrinkage leading to decrease in the lattice parameter.

Similar results have been reported io the literature [20].
However, the lattice parameter for the composition x= 0-6

is the least and the variation of lattice parameter is found
to be in the order a (x=0.5) > a (r= 0-7)> a (r= 0.6). In

our earlier publication I l0l on Mn]+-substituted Zn fer-
rite, we observed similar variation of lattice parameter and
it was explained basing on grain sizes. We reported that
the bigger grains may release the tension than the smaller
grains causing lattice cxpansion, resulting to the increase
in lattice parameter. ln the present study, either the varia-
tion ofcrysrallite size (DXRD) or rhe pirticle size (D6 56y)
is not supporting the present trend of variation in the lat-
tice parameter. Therefore, the present variation of lattice
parameter can be speculated due to the differences in the
cation redistribution of different compositions. II can
be seen that the crystallite sizes are almost uniform, but
slightly increases with the Ni2+ ion doping. Sharma et al.

[21] also got uniform crystallite sizes, but the decrease
with the increase in Ni2+ ion concentration for Znz* in
Mg-Zn ferrite and reported that this is due to substitu-
tion of smaller N2+ ions. Guo et al. [22] in their studies
reported that a decrease in crystallite sizes is due to inter-
nal stress produced by the substitution of Sm3+ in nickel
ferri(e nanofibers. In our earlier study [23], Cu2+-doped
Ni-Zn prepared under identical conditions, the .eported
values of average crystallite sizes around to 22 nm are

bigger than the present crystallite sizes, and reported that
Cu2+ enhances the crystal growth. However, its variation
is random and is proposed that the substituted bigger Cu2+
(0.72 A) ions may change the thermodynamic stability of
Ni:+ (0.69 A) in the spinel strucrure. We can conclude that
the method of preparation adopted in the synthesis may

affect structural parameters as well as crystallite sizes. The
latent heat liberated during the synthesis [2.1. 25] may be

varied at surface of the nanoparticles in such a way to form
nearly uniform crystallites in the present series of samples.

3.3 FE-SEM studies

The FE-SEM micrographs of sintered ferrites of
Niln,_fe2Oa (r=0.5,0.6,0.7) at 80O "C are shown in
Fig- 5. The spreading range of ferrite nanoparticles in the

2.05

a
; 2.00
E
o)co 1.95
oco6 .t .90

Table 3 Atomic co-ordinates
(-r=)=a), site occupancy
(g), and cation distribution
estimated from Rietveld
refinemen( of XRD for
Niznt Je2Ot nanoferries

Ions Wyckoffsite Comp (r=0.5) Comp (.r=0.6) Comp (r=0.7)

Fe3+( t)
Ninl)
7^2*(l')
Fcr+ [2]
Ni2+ [2]
7n2* l2l
Cation disEibutio!

0.125 0.48

0. r 25 0.26

0.t25 0.26

0.500 1.52

0.5m 0.24

0.5m o.u
(Feo.,"Zno.r6Nio,

[Fer.52zno.raNio2a]Oa

0.125 0.54

0.125 0.2t

0.125 0.lE

0.500 1.46

o.5{n o32
0-5m 0.22

(F%srZr,n ,tNro_o)
[Fe,.a6Zno22Ni62]Oa

0.125 0.74

o.t25 0.o'l

0.125 0.19

0.500 1.26

0.500 0.62

0.500 0.12

(Fen rnZno rrNh_o?)
IFer.* Zno,2Nio62l
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281. From Table 2, the ranges of particle sizes indicate the
narow distribution of ferrite nanopanicles in different sizes.

Rahimi et al. [29] observed from the micrographs a range

of 30-50 nm for particle sizes annealed at 500 'C. Akhter
et al. [30] reported a range of 50-90 nm from FE-SEM for
particle sizes annealed at 750 "C.

Fourier transform infrared spectroscopy is a first-rate tech-
nique to probe the structural phase and supplementary
elemental groups existed in the ferrite systems. The FTIR
spectra of Ni,Znr fe2Oa (r=0.5, 0.6, 0.7) arc displayed
in Fig. 6. The tetrahedral and octahedral force constants of
ferrite systems are dependent on (he atomic distances of
Fel+-O:- complexes and are estimated using the following
relation:

K = 4iC2o2n, (8)

where C, o, and z are light velocity (3 x l0l0 cm,/s), vibra-
tional frequency ofA or B sites, and reduced mass ofFe and

O ions (2.601 x 10-23 g), respecrively.

The characteristic bands o,, r.rr, u.,, and u4 of ferrite systems

and force constants 1(r, (" are presented in Table 4. The first
thre€ bands are due to metal ioo oxygen complexes at teffahe-

dral and octahedral sites, wherea.s the fourth band is due to the

(
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present ferrite systems have been estimated using linear
intercept method using the following relation [26]:

D
l.5L

FE- sEr{ = ,ri (7\

wherc L, M, and N are the total test length, magnification
and total number of intercepts.

The corresponding ranges of size of ferrite nanoparti-
cles of the present compositions are given in Table 2. The

FE-SEM pictures exposed the spherical shape of nanopani-
cles possessing just about equal sizes. This may be due to the

uniform distribution of surface energy adjacent to boundary
regions of grains ofdifferent nanoparticles that required for
promoting the growth of particles during the sintering pro-
cess. Similar reports have been found in the literature [27,
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Table 4 Vibrational bonds (ur.
Dz, Dt and D4), and tetrdhedral
and octahedral force consta[Ls
(I<, and f") for Nilnr_Jeroa
(r=0.5. 0.6. 0.7) nanoferrites

1.1379

3.2155

3.1703

r.3684

t.4042

1.404.2

Comp (-r) u,1cmI) r.51cm-r) o3 (cm-r) or (cm 1) K, (dyne/cm)x ld ,(. (dyne/cm)x ld

0.5

0.6

o.1

583

592

586

3m
3m
300

385

390

390

212

210

2@

lattice vibrations [31]. The absorption band due to me(al-ion
complexes at tetrahedral (A) site is assigned to higher vibra-
tional frcquency (u,) in the range of 600-500 cm-r, and at

octahedral (B) site, it is assigned to lower vibrational fre-
quency (rr2) in the range of450-350 cm-r []21. The tetrale-
dral (A) and octahedral (B) absorption bands given in Table .1

reflect the characteristic bands ofcubic spinel suucture. It has

been observed that the tetrahedral vibrational frequency ran-
domly varies with substitution of Ni2+, indicating random yar-

iation in Fe3+-O2- bond length and this is in good agreement

with the variation in lattice constant supponing the cation
redistribution between tetrahe&al (A) and octahedral (B) sites.

It is well established that Ni ferrite is irverse spinel in which
Ni2+ ions occupy octahedral (B) sites and Fer+ ions equally
distributed between tetrahedral (A) and octahedral (A) sites,

whereas Zn ferrite is normal spinel in which Zn2* ions occupy

tetrahedral (A) sites and Fe3+ ions completely occupy octahe-

dral (B) sires [7]. The formula unir (Znfl,Fe:+)tNt*Fell,104
for mixed ferrite system in the present study supporrs the cat-

ion redistribution against their normal preferences and it is
attributed to the change in crystal field during the synthesis/

or to the finite size efects arising due to increase in surface

to volume ratio at nanoscale. Similarly, the change in (u2)

reflects the change in Fe3+-O2- bond length at octahedral
site. Sridhar et al. [33] observed an increase in tetrahedral

vibrational frequency (ut) and a decrease in ctahedral vibra-
tional frequency (D2) in copper-substituted nickel ferrite, and

reported that this is due to difference in Fel+-d- distances

at tetrahcdral and octahedral sites. The vibrational bands

betow 400 cm-r are not cleady visible, probably because of
reduced Eansparency of KBr pellet in this region. However,
positions of the lR bands could be located by the shape of the

absorption bands in this region. The vibrational band u1 in
the rangc 300 cm-r is assigned to octahedral M2+ d- vibra-
tion (where M2+=Znz+, Ni2*, and Fe2*). As per rhe available

literature repons []4, 351, the existence of long shoulders to

the vibrarional bands or possible splitting of u2 (octarhedral

site vibrational frequency band) is stood as an evidence for drc

existence of John-Teller Fe2+ ions. From Fig. 6, either long

shoulders or splitting in 02 is not observed, and therefor€, the

probabiliry for the presence Fe2+ ions cannot be expected- In

the present study, the possibility of rr3 vibrational band may

be due to Ni2+-o2- ion complexes but not due to Fe2+-o2-.
The lattice vibration band ua occurring in the frequency range

264-272 cm I is subjected to the dependert of mass of the

t€trahedral cation. The less intensive vibrational band near

3500 cm-l and intensive vibrational band near 2500 cm-l are

assigned to free and absorbed water molecules retained in the
samples during the synthesis.

Elastic properties of crystalline materials are mainly gov-
erned by the poteotial energy of crystal lattice which is cre-
ated due to restoring forces of ion network. The interatomic
distancevspacing between the different ion complexes influ-
ences the potential energy of a panicular material system. IR
spectroscopy is useful to find the inteBtomic distances (bond
lengths) through the vibrational frequencies obtained in the

recorded FTIR spectrum. Stiffness constants and compress-

ibility constants in different crystalline plans are the benefi-
cial parameters to assess the elastic properties of crystalline
materials. According to Waldron [32], for the material sys-

tems with cubic symmetry possessing isotropic nature (e.g.,

spinel ferrites), the stifness constant C,, is equal to Cr2. The
stiffness constants (C1q and C1r) have been calculated by the

given relation:

r
Stiffness constant C,, = -, (9)

where /( = Y ^"O 
o are the average value of force con-

stant and experimental lattice parameter.

To understand the elastic behavior of present ferrite sys-

tems, different parameters lik€ Young's modulus (l), bulk
modulus (8), rigidity modulus (R), and Poisson ratio (o)

have becn estimated. The elastic constants of the ferrit€ sam-

ples under inyestigation have been valued using the follow-
ing relations reported in the literature [36. 37]:

I:L
3

.. 9BR
'-fB+R-'

IC| + 2C E),

R = p,v2,

,":(*)"'

( l0)

(11)

(12)

( l3)

Q sp.i"g"t
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Y

2R
( l4)

where /rx and y. are X-ray density and shear velocity ofelas-
tic waves, respectively.

The calculated values of y, B, R, v", and o are listed in
Table 5. These are the useful parameters to understand the
topographic elastic behavior in terms of interatomic interac-
tions and binding forces among the differertt ion complex€s
in the spinel structure.

The variation of elastic moduli against to the concentra-
tion of Ni2+ ion is shown in Fig. 7. It can be observed that
the elastic moduli app€ar to be increasing with the doping of
Ni2+, but the increment is not monotonic. This is auributed
to the differences ofchanges in the interatomic distances of
the metal ions' complexes present in the intentitial spaces

ofspinel structure. It has also be€n observed that the present

values of elastic moduli are less than our reported values
of elastic moduli for Mn-Zn ferrites prepared by sol-gel
auto combustion and co-precipitation methods [ 10, I I ]. It
is well known from the literature reports [38, 39] that the
lattice parameter depends on the sizes (radii) of metal ions
that are substituted in the spinel structure. The incorporation
of smaller ions (bigger ions) for bigger ions (smaller ions)
in the spinel structure leads to contractiotr (expansion) of
unit cell, leading to the shortening (lengthening) ofthe bond
lengths. In general, we can expect that the values of lattice
parameter of Ni2+ (0.69 A)-substituted Zn ferrite is lower
than that of Mn2+ (0.82 A)-substituted Zn ferrite. From the

Tables 2 and 5. we can sce that the present values of lattice
parameter (Ni-substituted Zo ferrite) are less than the val-
ues of Mn-Zn ferrites prepared by co-precipitation method
and greater than the values of Mn-Zn ferrites prepared by

sol-gel autocombustion method. Therefore, we can say the
sizes of ions are not only the primitive factor for the changes

in the structural parameters, but other factors like method of
synthesis, porosity, secondary phases, crystallite sizes, etc.

may also influence the structural parameters as well as elas-

tic properties of ferrite systems. Since secondary phases are

not detect€d, there might be some other reasonable param-

eters that are manipulating the elastic performance current
ferrite samples. It has been observed that the crystallite sizes

in the present ferrite systems are greater than that of our

280

260
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200
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140

120

100

80
0.5 0.5
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0.7

Flg,7 Plot of elastic moduli (8, R, and D with the substitution of
Ni2+

reported values of Mn-Z[ ferrite systems (see Tables 2, 5).
As reported in our earlier studies I I I ], the bigger crystallites
release the tension, r€sulting irt lattice expansion. Therefore,

inaeratomic interactions are weakened showing the Iow val-
ues of elastic parameters when compared to our reported
values- The isotropic trhavior of present tbrrite systems can

be visualized from the same ofvalue Poisson's ratio. We can

conclude that the methods of synthesis procedure, crystal-
lite size, and cation distribution in the spinel structure are

influencing the structural and ela-stic properties of present

ferrite systems.

4 Conclusion

Pure cubic phases of Ni-Zn-mixed spinel ferites without
secondary phases were successfully prepared by co-precip-
itation technique. Considerable cation redistribution against
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0.6

0.1

8.4t2
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8.438

Table 5 Shear velociry (y,) of elastic rvaves, differeot ela.stic moduli (8. X. I1 a.nd d), and €arlier reponed values of lattice pammeter (a) and crys-
tauite size (D) of Mn-Zn ferrite syst€ms

D (nm)
Retllll

-a- Bulk modulus

-G- Rigidily modulus

-l- Young's modulus
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to their usual location in the spinel structure was observed
from Rietveld refinement ofXRD pattems. This cation redis-
tribution highly influenccs the structural parameters in the
present study. The latent heal liberated during the synthesis
procedure and grain boundary energy is the reasonable fac-

tors for uniform size of ferrite nanoparticles. The nonexist-
ence of Fel+ ions suggested us that the vibrational band o3

in the present study is due to Ni2+-O2- ioll complexes. The

cation redistribution and crystallite sizes are the reasonable

aspects that are manipulating the elastic behavior ofpresent
ferritc systems.
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Abskach This paper signfficantly wishes to unpack the social and cultural impact of the mass religious
conversion movements in Rayalaseema society with specific reference to DaliS during the period 1850

to 1880. This paper will use the archival material such as missionary records, magazines, pamphlets,
and books written by missionaries; further, it will also utilize oral interviews collected from the
field. The mass conversion movements established a relationship between Dalits and missionaries
and brought them together. In thet efforts to create a new Christian community of Dalit converts,
missionaries had interacted with Dalits, shared meal with them, stayed with them and tansformed
forbidden and "polluted" ghettos into social spaces. The present paper argues that the practices
of the missionaries were liberating and humanizing for Dalits. It will examine how these practices
led to unintended consequences. It needs to be remembered that the missionaries' aim was not to
abolish caste but to develop Christianity. How did the missionaries contribute to social interaction
and build a spirit of solidarity among the Dalit converts? Based on specific situations, incidents,
and examples recorded in the missionary archives and oral interviews, the article obs€rves that
community conversion movements destabilized the caste structure and brought significant changes

in the social lile of Dalits in colonial Rayalaseema.

Ke)rwords: caste; Christianity; Dalits; mass conversion movements; Caste; missionaries; social
equality; untouchability

1. Introduction

ln Rayalaseema, the opportunity of converting into Christianity became available to the Dalits
from the second half of the nineteenth century. Rayalaseema is presently one of the regions of
the state of Andhra Pradesh in lndia. The region was called Ceded Diskicts during the colonial
period.l The mission organizations which worked in Rayalaseema were the [-ondon Missionary Society

(hereafter LMS) and the Society for Propagation of the Gospel (hereafter SPG). Missionary operations

were fust started in Cuddapah in 1822 by fohn Hands, who was a resident missionary of Bellary.
[,ater, William Howell was appointed to Cuddapah as a resident missionary and Cuddapah was made

a separate LMS station in 1824. Howell worked in the town and toured extensively in the district,
making use of Telugu language in his preaching (Brackenburr' 1914, p. 56; Bolton 1913, p. 31). The

The state of Andhra Pradesh formed in 1955 comprises of three geographical regions known as the Coastal Andhra,
Rayalaseema and Telangana. The first two regions were formerly a part of the Madras Presidency until 1st &ober 1953
when they were detached from it to form s€parate Andhra state- During the ]r,hole p€riod of British Raj, the Rayalas€ema
region (comprised of the districts of Anantapur, Betlary, Cuddapah and parts of Kumool) was called Ceded districts as it
was ceded to the British East lndia Company by the Nizam in 1800. After independsrce, it was renamed as Rayalaseema
which pres€ntly indudes the districts of Anantapur, Chiftoor, Kadapa, and Kurnool. In 2014, the Telangana region was
declared as a separate state. At pres€nt Andhia and Rayalaseema regions remain part of the state of Andhra Pradesh.
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SPG Mission was started in Cuddapah in 1842 with a few families who separated from the LMS when
their missionary William Howell ioined the Church of England. He was accepted as a missionary by
the SPG (Hibbertware 7972, p. 51; Pascoe 1901, p. 563). At the initial stage of both these missions,
individual conversions happened. The first converts in Cuddapah town were mostly from the Brahnin
or dominant castes such as Reddy communities (Le.wis ^1879,p.2;Simmons 1923, p. 8).2 However,
the year 1851 marked the beginning of the increase in the number of converts in the LMS and the
SPG missions; these converts were from the Mala community, who approached the missionary first as

individuals and later as a group of community.3
The Malas along with Madigas were the lowest in the caste hierarchy. Manusmiti (l-,aws of Manu),

an ancient Hindu book is seen as a source for caste inequalities in India. The caste system assigns
indiwiduals a certain hierarchical status. In Hindu religious texts the caste system is considered as a
system of four uarnas. Based on their occupations, the Hindu society is divided into Brahmins (priests),
Kshatriyas (warriors), Vaishyas (traders) and Shudras (sewants). Outside of these four ?aflds are the
nntouchables or aoanus. lt isbeheved that these rigid caste groups originated from the Hindu god
Brahma, Brahmins wer€ said to be created from the mouth of Bralma, Kshatriyas came from his arms,
Vaishyas were from his thighs and Sudras from his feet (Viswanath 7l|75, p. 259). The castes at the
top of the hierarchy were coruidered to be pure while those at the bottom were regarded as polluted.
Manusmriti iustrfies the caste system as the basis for the order of the society. Furthermore, the book
inscribed the violence to be meted out towards lower castes, as can be seen in the following verses:

A low-caste man, who kies to place himself on the same seat with a man of a high caste, shall
be branded on his hip and be banished

(Manusmiti Ylll . 287'1

If he mentions the names and castes (gati) of the (twice-bom) with contumely, an iron nail,
ten fingers long, shall be thrust red-hot into his mouth.

(Manusmiti Y111.270)a

The structural cruelq of the Manusmiti did not let Malas and Madigas live a life of dignity.s
For centuries, they had been despised and degraded; they were in a miserable condition because they
were subiected to antsranitanam (untouchability), and chudsranitanum (unseenability). Their presence

and approach were hated by other castes as they were considered impure; even their shadow was
believed to be a pollutant. The caste system did not recognize their social value and moreover did not
treat them as human beings. The Madigas and the Malas were not allowed to access public places such
as temples, schools, and drinking water wells (Comish 1874, p. 118).6

From my readings of the LMS and the SPG reports, it is evident that there were several events of
comrnunity-based conversion movements from 1851 to 1860 (Missionary Conference 1858, pp. 118-19;

Pascoe 1901, pp. 56a-65). A visible public Christian community emerged after three decades of
missionary work and mass conversions in the 1850s. Dalits became part of the mission through mass

conversion movements, and became Christians. The following section will examine the humanitarian
and charitable activities of missionaries such as their social interaction with the Dalits, as well as their

2 Reddys were the dominant peasant caste in the Rayalaseema redon. They comprised half of the population of the region-
They were the people who owrred lands, monopolized resources, and had mntrol over the villages. Magistrates of the
villages were generally drawn from this caste.

3 ln ndssionary texts and colonial adninist"ahve records of the Ceded Districts, Dalits were called as par'iahs, low castes,
nonrastes, outcastes, untou.hables, panchamas, depressed classes, Malas, and Maditas. The terrr'Dalits' is used in this
paper to rcfer to thenl The specific caste names arc used whercver nec€ssary.

4 I have taken these quotes from (lslam 200.1, p- 35).
s Dr. Ambedkar bumed the text of Marlsrrrr?i publidy in 1927 as a political act to ieiect the religious bas€ for untouchabiliry
6 To know more about the everyday life of Madigas and Malas, their social and religious life, refer to (Ihursk,n 191'1, pp.

350 51; H€nry 1e21).
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Bestures of sharing food and living space in palaas (Dalit colonies). Further, they changed. palen into a
new location of spatiality where social relations were transformed and a Christian community emerged.

2. Conversion Movements and Social Equality

The conversion movements established a specific form of relationship between Dalits and
missionaries. This relationship can be identified as a "contact zone." According to Mary Louise Pratt,
the contact zone is "the space of colonial encounters, the space in which peoples geographically
and historically separated come into contact with each other and establish ongoing relations"(Pratt
2007, pp.6-4. Dalits, who were historically oppressed and were under constant subjugation, and
missionaries, who came with a different set of values, came into contact with each other. This
perspective helps us to map the relationship between missionaries and Dalits, and how they were
constituted in and by their relations to each other. The missionary was a white man. coming from the
same community which was ruling the country. There was a connection betwe€n the British Empire
and missionaries. Missionaries' association with colonial officials made their evangelizing work easier.

They secured protection from the colonial administration and state aid for their work. Missionaries
could do what they did and could have some level of impact because of the empire. However, there
were times when they had conflicts and ideological chasms with colonial govemment.T A Missionary
would tour villages to preach the gospel; during his visit to villages, people were astonished to see him
and they regarded hirn as a 'white angel' (Pandian 1u97, p. 205). This might be because of the dress,

color, language, and mode of living of the missionary Further, the missionary had access to power;
he was accessible for them and had compassion towards them-

Missionaries as the readers of the Bible were sympathetic to the conditions of existence of Dalits.

The Biblical understanding was that all human beings were equal before God and all of them were
created in the image of God (Galatians 3:28). The humanitarian worldview of missionaries, which was

rooted in the religious conception of the dignity of man, compelled them to seriously acknowledge the

social discrimination and inherited inequality of Dalits. The other reason for this was the background of
the missionaries. They came from the modem world, with modem ideas and perspectives inlluenced
by the notions of rationality, equality, liberty, and fratemity. In addition to this, several decades earlier,
Protestant missionaries worked for the liberation of slaves. They played a prominent role in the
worldwide anti-slavery movement, which resulted in the Slave Trade Act of 1807 (Porter 1999). This
enabled the missionaries to apprehend the denial of freedom, justice, and rights to Daiits. Missionaries
were sympathetic towards Dalits not because they came to help them but because they came from a

different world. In the ongoing relationship between missionaries and Dalits, the following activities
were carried: tutrrdng palem into a social space, social interaction, acts of touching, inter-dining,
emergence of bcdi and 3zdi and access to public wells.

3. Trrningpalem into a Social Space

The villages in Rayalaseema society were spatially segregated. The social structure of a village
was such that it was inscribed with the Hindu caste setup with all the featues ordered by Manu.8

The village had two types of habitats: sararuas'houses and. aoarnas'huts, separated by a distance

The Brahrrrinical Hindu caste society did not allow Malas and Madigas to live in the village among

lhe satnrnas'houses ilr order to avoid pollution from untouchables even through wind. They were
not regarded as part of the oor. (village). They lived in a ghetto, a seParate place on the outskirts
of the village called geri or palem.e Unlike other castes who lived in mud-roofed houses, the Malas

7 For mor€ discussion on rrdssionaries and empire look ar (Copland 2006, PP. 1025-54).
8 In Hindu tradition Manu is considered as a plogenitoi of the human mce. He was an author of the book Marlrsfiiti (L^ws

of Manu).e tn Tamil, it is called as c"ri and in Karmad ken. Benaiah Cole used the temr palri?,l (Cole 1916, p- 4) and Francis used the
word grri (Francis 1905, p. 35).
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and the Madigas lived in huts which were roofed with thatch or Palmpa palm leaves (Comish 187.1,

p. 168). Therefore, Dalit localities were considered by village people as impure and polluted. People
in the villages avoided visiting palem. However, missionaries who r /ere considerd by the village
people as powerful and superior to them, visited palem, stayed there, and interacted with Dalits
(Figure 1a,b). Furthermore, they changed this space into a locus of sociality where new spaces of public
gathering such as churches and schools were introduced. This new spatiaLity was the location of social

transformation. I substantiate this by illustrating how certain activities of the missionaries contributed
to challenge the prevailing caste norms and create new social relations in the village.

*

t
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l} $"5f :

'..r-h.-

I
(a)

(b)

Figure 1. (a,b) Dalits interaction with missionaries in pcle,z. Source (Simmons 1923' pp. 7,121

3.7. Sochl lnteraction

It is significant to explore the scrcial interaction of missionaries with Dalits. This interaction was

characterized as one between the 'white angel' and 'untouchables,' between the powerful and the
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Powerless. This encounter was very significant in the life of Dalis as it might be the first time in their
life that an outsider was interacting with them. Missionaries saw Dalits as human beings with body,
soul, feelings, and emotions, ur ike dominant castes who saw them as instruments of toil (Mohan
2015, p. 4). By interacting with Dalits, the missionary broke the prevailing notion that Dalits were
untouchables and their presence was polluting. [n their interaction, the missionaries told the Dalit
that "You are the child of God. He made you and cares for you and seeks to save you" (Stanton 1950,

p. 136)10 Tilt then Dalits were told by Hindu society that they were cursed people, untouchables and
Chandalas and hence they were incapable of worshipping god . The missionaries, on the other hand,
were telling them that they were children of god, they too were created by god and that god takes

care of them. These words were appealing arld enlightening to Dalits. During their stay tn palem,

missionaries visited each Dalit house and inquired about their problems (Clayton I ti90, pp. 24344).

j.2. Act ofTouching

Another significant element that was involved in the relatioruhip between the missionaries and
the Dalits was the 'act of touching.' Derrida reflects on 'touch' in Christianity by observing that
"salvation saves by touching, and the Savior, namely the Toucher, is also touched . . . Jesus the savior is

touching, he is the One who touches, and most often with his hand, most often to . . . save" (Dcrrida
2005, p. 100). Thus, touch has a deep significance in Christianity. The discourse on untouchability is
articulated around the idea of touch. The Hindu way of life which was codified by Manu conditioned
the minds of Dalits to believe that it was a grave sin if they touch caste Hindus. Further, according
to Manu's laws caste Hindus touching untouchables was considered as a sin. The Dalit individual's
body was considered and treated by caste society as un-toaci-able, undean, and polluted. It was not
just the body of the untouchable; even their shadow was regarded as impure. Therefore, they were
required to walk in the village only dudng specific times. Most of the time, they were resEicted to
remain in the cari. The political theorist Gopal Guru argues that the body of an untouchable person

and his/her shadow work in ctcle to generate a humiliating experience for them. The impossibility
of physical closeness performed through the taboo of the shadow of the untouchables removed the

potential of human beings ever touching each other. Therefore the real (body) and reflected (shadow)

were enJolded in the politics of annihilating untouchables from receiving love and acceptance from
society (Guru and Sarukkai 2012, pp. 81-86). Apart from the people of his community, an individual
from a Dalit community was never touched by anyone else. It is in this context that the touch of a
missionary becornes very significant in tlre history of Dalits. The untouchable body was acknowledged

and touched by the mis.sionaries. Touching is not merely a physical gestur€ or a pragmatic action. For

Dalits who were treated as untouchables, the act of touching is incredibly powerful as it has its own
historical and cultural significance. Touching goes against untouchability. The touch established a

complex form of connection, as it constituted a relationship between the missionary the one who is
touching and the Dalit, the one who is being touched. An illustration from Telugu literature sho\ /s

how the missionary touching a Dalit was represented and what did it mean for a Dalit. ln the novel,

The llntouchnble Spring, Chirurodu, a Dalit, was called upon by the ?lla Darn [White Missionary] to 80
near him- The rnissionary held Chinnodu's hand and laid another hand on his shoulder. Chinnodu
could not believe what had happened when he was thus touched. Until then, he remained untouched

by people outside his community. However the missionary touched him; he was not from that village,

not from that region; he did not belong to that land. The missionary touched him and said that his

body was not untouchable. He did not iust utter those words but showed it with his touch (Kalyana

Rao 2010, pp. 158-59).

10 Apart from the LMS and the Src missions, the American Baptist Mission (ABM) also woiked in the Rayalaseema region.
William Arthur Stanton IMas a missionary from ABM.
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The missionaries telling Dalits that their bodies were touchable was beyond the imagination
of Dalits. It could be argued that the touch of the missionaries provided comfort, empowerment,
acknowledgment, and affirmation of humanity to Dalits. As Christopher argues, "The act of touching
restored the human dignity to the body that was otherwise despised, loathed, and feared" (Christopher
2018,p. 7). The touch of the missionaries was liberating and humanizing for Dalits who were treated
and made to believe for centuries that their body, presence, and shadow was untouchable and impure.
Generally, Dalits were made to believe that, in their presence and with their touch, even the (Hindu)
gods became polluted (Neelakantha Sasthri 1935, p. 15). However, the god of the missionaries was not
contarrrinated by the presence of Dalits. The touch of the missionaries had a profound effect on the
lives of Dalits as it broke the stigma that their bodies were not worthy of being touched.

j.3. lnter-Dining

The interaction between missionaries and Dalits was brought even closer through the act of
sharing a common meal. A common meal draws people together and gives them a sense of community.
The Brahminical Hindu social order and its culture prohibited inter{ining, particularly sharing
food with Dalit communities. Hindus regarded that inter-dining was offensive to their beliefs and
doctrines, which they considered as sacred. It is widely believed that eating food prepared by Dalits
and eating food with them polluted the dominant caste people. It was not only the body and presence

of Dalit, which was regarded as polluting; even the food cooked by Dalits was stigmatized as impure
and polluted. It was in this context that the significance of the practice of inter-dining with Dalits
becomes even more evident. Missionaries shared meals with the Dalit converts in their thatched huts.
Missionary Todman from Cuddapah, during his tours in viliages, had meals with Dalit converts where

they sat on the ground together and werre seen "eating in local fashion with fingers." In one of the

villages, after taking baptism, Dalits invited Todman and his wife for lunch. They shared their meal
vyith the baptized family. The missionary Dorothea Smith of Anantapur had a meal with a Dalit family,
all seated on a mat. After eating aLl of them gathered around and discussed some chapters from the

Bible (MllCtrVIS 7922, p . 237 ; 1934, p . 7) .11

As Shuman observed, "the act of eating together and sharing meals is lmown as commensaliry
an activity that not only preserves the physical body but also creates and strengthens social bonds"
(Shuman 2003, p. 501). Eating the food cooked by Dalits, which was served on common plates used by
Dalits, was an expression of community bonding. Missionarie; eating in the huts of Dalits symbolically
expressed that the former u/as part of Dalit communiry The feelings of love, joy, and community sense,

which emerged from sharing food with the missionaries, were significant for Dalits. Further, it brought

them into closer contact and allowed them to converse together as brothers and sisters.

3.4. Emergence of Badi arul Gudi

After conversion movements, little thatched huts emerged in every Dalit palem. During the

fieldwork, Dalits said that this thatched hut was their badi and, gudi (school and temple).12 This was
a school and a church, both at the same time; school by day and church by night. The school and

temple are public spaces. ln tradihonal Rayalaseema, caste played a significant role in gaining access to

these public places. Dalits were denied their right to access tlese spaces. However, the public sphere

was formed around spaces such as churches and schools in Dalit palenrs. Dalit Children gathered in

the school in washed and cleaned dresses. They were taught to read and write and listen to stories

about fesus and Cfuistianity (Stanton 1950, p. 722). The school and church thus became new locations

II The Missiofiary Magazine ond Chrontle of the lrndon Missioiary Sociely (L1MC/.MS 1820 1940) was a monthly magazine of
the LMS Mission. It was published in London- This magazine contains the monthly reports from LMS missionaries from
various parts of the world. This is one oI the important soulc€s which I us€d- I have colle.ted copies of this magazine from
1820 to 19,10. Whenever this magazine is referred to in this atticle, the abbreviation MMCITIS will be used

Personal Interview ftom 2 November 2016-t2
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for public gathering. It was here that men and women gathered every night and learned to sing,
pray, and worship God and hear Christian preaching. Missionaries preached to them in those huts
about God, sin, repentance, salvation, and devotion. Dalits oriented themselves to the teachings of
the Bible and engaged with the ideas, meanings, and s1nnbols related to it. [n a course of time, a new
consciousness emerged through what they heard during these Bible dasses. The dynamic force of
the Word-the written word (the Bible) and the spoken word (from missionary!-worked powerfully
in the hearts of Dalit listeners; in Sanal Mohan's words, it worked as an "oppositional knowledge."
Such oppositional knowledge became a source of enlightenment to Dalits to nurture themselves
and cultivated in them new behaviors, new habits, a sense of morali$r, and a new understanding of
themselves (Mohan 2015, p. 49).

The beginning of a new life, transformation, empowerment in Dalits began in these thatched
huts. As missionary William Stanton states, "Here light is begifffng to dawn on minds long bound in
the prison-house. Here new hopes, desires and aspirations are bom" (Stanton 1950, p. 122). For the
missionary, this little thatched hut was "the nursery of the Kingdom and home of Religion" but for
Dalits, it was a door to a new life and a center for their community. A new world was opened up
to children and elders in these huts. By entering into the palem, staying there, and establishing the
schoolcum-church in the palez missionaries brought this otherwise forbidden and ostracized space

into the folds of public space and hansformed it into a space for loowl€dge and community gathering.

3.5. Access to Public Wells

Dalits were exduded from enloying the right to access public wells in the viJ.lages. Caste rules
were very strict about wells. The practice of untouchability was related to 'touching' water. When
Dalits went to the well, they were supposed to wait for the other caste people to give them water.
If Dalits drew water from wells, those wells were considered polluted. They were denied access to
water because of their caste. Missionary Christlieb from Anantapur says that one may see a ldominant
castel man drive his oxen down to a water tank and give them a good wash down, or wash his soiled
loincloth in it, but people from the Mala and the Madiga castes were not allowed to dip theA vessels in
the tank to take home the household water for cooking (Christlieb 1930, p. 38). However, missionaries
put in efforts to help Dalits to dig wells for themselves and to own their wells of drinking water.
In Mutyalapadu village of Cuddapah district, even today there is an old well in the palanr, which is
built with stones. Among the stones, a slate was engraved with the following letters in old Telugu
language-fohn Clay, 1857 (Figure 2a,b). John Clay was one of the prominent SPG missionaries who
worked in Mutyalapadu station. In the same village, there is another well in the paletn which was a

well dug by the missionary Richard Dendi Shepherd.l3 In fact, during famines, one of the relief works
which missionaries organized for Dalits was the digging of new wells and repairing old wells (ARLTVIS

1898, p. 105).ra

13 
layaraju. Pers,onal interview. 5 November 2016.

ra Ann al Repods of thi lrndon Missionary Society (ARLMS 1826-1950) was an annual report of the I,l\,lS Mission. It was
published in London. It contains inlormation about the mission work in each missic,n station ftom Rayalas€ema along with
the information from other parts of the world. I have collected copies of th€se reports ftom 1826 to 1950- This G one of the
major sources which I used lor my research To .ef€r to this teport in Ere article, I use the abbrcviation ,4RLl S.
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Figure 2. (a) Drinking water well dug by Missionary fohn Clay; (b) in the well, inscription of missionary
name (John Clay) and year (1857) in Telugu language (Photo by the author).

4. Taking Sides with Dalits

Missionaries took a political stand when they saw Dalits were denied lives of dignity as human
beings and individuals. They opposed caste violence perpetuated by dominant castes over Dalits.
Missionary F. L. Marler from Gooty wrote in a report:

Could we make an example of some of these scoundrels [donrinant caste Reddys], others

might be held in che&. I do not forget that I cam€ herc to preach to all men, and to bring the
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Gospel of Christ and His righteousness to the most hardened of men; but it seems to me that,
if we could by championing the cause of the oppressied, show men that we hate injustice,
and will fight against it with all our power, we should create an impression that must tell for
the Gospel in the end.

(MMCLIvIS 1893, p. 244)

Missionaries could not tolerate iniustice and therefore supported Dalits in their cause. There are
incidents in the missionary reports where missionaries challenged the practice of bonded labor which
was one of the essential aspects of the skucture of caste system. In the southem lndian missionary
conJerence of 1879, missionary lacob Chamberlain presented such a cas. [n one of ttre villages,
ancestors of eleven Dalits whom the missionary rcferred to as slaves, had obtained some money from a

Reddy, agreeing to work for him along with their childrery until the debt was paid. The Reddy had
been very careful and ensured that the Dalits would never be able to clear the debt. When the Dalits
converted to Christianity, the Reddy demanded that as Dalits were his workers, they had to work for
him on Sundays as well as on other days. One Sunday, during worship at the mission house, a message

came to Chamberlain that the Reddy had inflicted violence on the Dalits. Some of their houses were
bumt down, and some people were beaten up. That night, Chamberlain and his colleagues went
to the village and demanded a meeting with the Reddy. Chamberlain wamed the Reddy against
such violence. It was said that the missionary and six of his colleagues dismounted in front of his
door. This had an impact on the Reddy and he agreed to have a meeting with them. In the meantime,
the missionary met all Dalit families and asked them to tell him the circumstances. During this meeting,
Reddy mentioned that the Dalits were in bondage to him. They had obtained money which they never
paid back. If they would pay off this debt he would at once give them their freedom. The missionary
found that the amount, owed by all those eleven Dalit families put together, with all their ancestral
debts, was 7t rupees. Missionary Chamberlain and his colleagues paid that money and freed the Dalit
farnilies (Missionary Conference 1879, pp. 6M51.

Bonded labor was linked with caste. In Rayalaseema, Dalits were landless, economically dependent
on the dominant caste Reddys. Many of Dalit families worked for Reddy landlords day and night
without being paid and were always available to the Reddy and his family. As missionary Nicholson
claimed, "each birth, each sickness, and each death plunges them deeper and deeper into the slough of
debt, in which they have been ever since their birth" (ARL/V!S 1904, p. 153). Many of them, having
borrowed money from Reddys, were bound to work for Reddy landlords for generations together.
The interest kept increasing for such a loan. Fu hermore, given their illiteracy, Reddys robbed arrd

cheated these Dalit farrrilies in every way. They wrote down on the notarized paper larger sumsthan

what the Dalits had initially bonowed (Goffin 1913, p. 51). In the description provided by Chamberlain,

the Reddy perpetrated violence on Dalits when they asserted their individuality by not working in
his fields on Sundays and attending the church against the wishes of Reddy. The Reddy could do
that since he held these bond papers as evidence for the loan. Reddy was afraid when missionaries
questioned him given t}re latter's knowledge of law. Missionaries confronted bonded labor, an old
caste-practice, by questioning Reddys and releasing Dalit families by paying the debt.

In lammalamdugu vicinity of the Cuddapah district, even today people recall how missionaries

helped their (Dalit) communities during atrocities. Benhar, a pastor from Pulivendula remarked in a

conversation with me that in the Nemmaladinne village, a Mala convert was tied to a tree and beaten

up by the Reddys. Some Malas made a long joumey to Jammalamadugu which was a mission station
and reported to the missionary about what had happened. The missionary reached the village by horse

and went to the place where the Mala person was tied up. Still sifting on the horse, he asked the people

to untie the Mala. He then expressed his anger to the Reddys, took a coin from his pocket, bent it and

threw it at the Reddys. He declared "these are my people. You bring this coin into the original shape

and meet me at Jammalamdugu." Benhar further said that "the coin was not easy to bend, and when
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the missionary bent it, it showed how angry he was at Reddys and his love towards us [Malas]."ls
Silhamani, an elderly man from Chinna Venturla village remembered in one conversation that

We had a thatched hut rhool in our palem. Hanumanta Reddy and Venkata Reddy came to
the p em, destroyed the school and took all the equipment with them. The same night elders
of the chuch, which included my grandfathel, went to Jammalamadugu and reported the
events to the missionary. Upon hearing this, the missionary came to the village and warned
the Reddys. He ordered them to return whatever they had taken. By the evening of the next
day, they retumed all the articles.16

In matters of .justice, missionaries supported Dalits. On many occasions when justice was denied
to Dalits, missionaries took up the cases. Missionary Clayton tells a story ofwhat happened in one of
the villages of Tamil Nadu in the Madras Presidency to understand how Dalits were discriminated,
cheated upon by the dominant castes and how Dalits gotjustice with the intervention of the missionary
According to Clayton, in one of the villages, a Dalit woman was caught by Velu Mudaliyar, one
of the landlords from the dominant castes in the village, whilc she was plucking fruits in his farm.
The angry Velu abused her and struck her so hard that she died on the spot. Following such unexpected
consequences, Velu approached the village headman Sundara Mudaliyar whose name and fame was
great in that area. Velu took the headman to the place where the Dalit woman had died and expressed

his fear of imprisonment. The headman assured him security and sent a man to bring Chellan, the

husband of the dead woman. When Chellan approached the headman, he was asked to choose between
going to iail and taking 'compensation' of a few silver coins, equivalent to ten rupees. When Chellan
inquired further the headman told him that somebody had struck Chellan's wife and she was lying
dead on Velu's land; the headman then made false allegations against Chellan blarrring hirn for his
wife's murder. When Chellan started crying, he was told by the headman that nobody knows who
killed her; since her body fell in Velu's land, Velu would pay the ten silver coins to perform the funeral.

Further, he said that it was a better option to take the ten white coins and to take a new wife than going
to jail and be hanged for killing her. Besides, the headman threatened him that if Chellan were not
willing to agree to his terms, he would be seized by Velu. Further, a complaint would be registered

that Chellan killed his wile and the former would present himself was a witness to the crime. Since

there was no other option, Chellan accepted the money and took the body of his wife. The landlord
who was the murderer and the headman were greatly relieved. On the evening of the fourth day,

the headman heard from his grandson that the missionary had come and was staying for the night
with Dalits. Hearing about the missionary was like a thunderclap to the headman. As he predicted,
the missionary came to know about the death of a woman through Chellan. That midnight, three

police came, arrested Velu and imprisoned him in Chingleput (Clavton i890, pp. 229-44).

The above incident, gives insights into the life of Dalits-how it was not considered worth living;
and how easily they could be killed and disposed of. They had no power to question the murderers
who belonged to the dominant castes. If they dared to ask, they would be accused as murderers.
Given the fear of colonial law, they were afraid of thet crime and negotiated with Chellan. When the

missionary intervened, law was implemented. Punishment meted out to the dominant castes was a

new reality in sociery a significant indicator of social change. Therefore the presence of missionaries

empowered Dalits so that they could use the law and challenge the power and authority of the Reddys.

5, Hostility from the Dominant Castes

The involvement of missionaries in the lives of Dalits and their support for Dalits in matters of
justice led the dominant castes to look at them with contempt. Mission records and oral accounts

15
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Personal lnterview on 16]uly 2015.

Personal Interview on 11 JtIy 2016.
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demonstrate incidents of growing animosity of the dominant castes towards missionaries. After the
conversion of Dalits, following the instigahon of village magistrates and Karunams, the Reddys of
Vanipenta and Mutyalapad villages of Kumool district attacked the missionary Uriah Davies and
violently drove him out of the villages (Colonial Church Chronicle 11156, p. 95; Hibbertwarc 1912,
p. g).17 h Kadiri, a group of dominant caste people planned to attack the missionary. One night, they
sent nearly twenty people to the missionary's bungalow. They however could not find him or his family
and left after plundering and pillaging the bungalow (Samuel 1923, pp. 234-35). During my interview
with Sunil Varakumar, he recollected an incidenthe was told by his elders. Inthe Talamanchipatnam
village of the Cuddapah dishict, the Reddys resisted the entry of the missionary to the village and let
their dogs loose upon his horse. The missionary fell off the horse and was beaten up by the dominant
caste mob18. Suiiv from Mutyalapadu and trelamma from Rudravaram village recalled what they were
told by their grandparents that the missionary R.D.Shepherd from Mutyapadu station was attacked by
palegars ot account of treating Dalits welllg.

6. Dalits Writing Missionaries into Their Household and Community Histories

Dalits remember the missionaries to the present day for thet involvement in improving the lives
of their comrnunities. One of the LMS missionaries, Edward Porter came to Cuddapah in 18t14, and
worked till 1868 (Figure 3). It is significant to mention Porter here because mass community conversion
movements took place during his time. Based on my oral history accounts, I infer that he left a deep
mark in the hearts of Dalits. Before his retirement, Dalit converts from many villages in the Cuddapah
district came and gathered at the mission church in Cuddapah to give their farewell to the Porter family
(Porter 1885, pp. 6F-66). Benaiah Cole, a Dalit convert from Cuddapah characterized Porter's time in
Cuddapah as "Edward Porter's Era." He wrote in his book that, "Vilramarka established his era by
squandering away all the Royal Treasures; Shalivahana by war and bloodshed; but Father Porter's was

established by loz.re and piety" . Further, he said

Ah! Venerable shades of Porter! What a mine of confidence of his name \ /as to these Poor
people [Dalits]. I have seen the cubs of lions roar for hunger but I have not ever heard of
Porter's converts to l,anow what hunger was. He was a man of prayer therefore he fed his
children with bread, butter, and kisses

(Cole 19i6, pp. 25-28).

After fourteen years of Porter's depa.rtu.re, in 1ttE2, Henry Stanley Newman visited villages in the

Cuddapah mission station; he wihxessed converts remembering Porter with "intense affection." Dalits
told Newman with tears in their eyes that "He was more than father to us" and Porter's Portraits were

hung on the walls of their little huts (Newman 7876,pp. l2i-24).
MissionaryJ.l. Macnair from Cuddapah wrote that though it was nearly forty years since Porter left

Cuddapah, his name was still a household word among many Dalits. Porter's stay in Cuddapah was a

watershed moment, a red mark on the calendar so to speak, in a country where time was remembered

by events and not by years. "I was baptized in Porter-dorah's2o time," "ln Porterdorah's time I was
five years old"-these and such expressions were common" (MMCI-MS 1905, p. 238). Benaiah Cole

provides ethnographic observations about Porter's love towards Dalt converts in Cuddapah. After his

retirement, Porter left a bungalow behind hirn as his private property. Many years later, when the

question of selling the bungalow was referred to him, he sent a long list of names as a reply. In that list,

ti The Coloniot Otutch Chmrricle was a missionary journal published by the SPG Mission. Il was an annual ioumal prind from
London. This joumal contains the information of the SPG Mission stations and reports of missionary work across the 8lobe.
Personal Interview from 1 1 Decemb€r 2016.

Personal Interview from H Nov€mber 2016.

In Telugu language Dorah means "Iord" or "st" or "master." It is used to addrcss both the white missionary as well as the
lrral leudal lods-
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each Christian's name in Cuddapah station was entered and opposite to it was mentioned, the amount
they should get from the sale-proceeds of that bungalow; the smallest amount paid to the lowest
of the Christians was rupees twenty. "In this way, he was the only one who used Home Christian
Charities over poor Christian people for Christian purposes" (Cole 1916, p. 28). Porter died in 1882 in
England. When missionary Bacon announced the news of his death in the Cuddapah church, the entire

congregation was in tears. At the close of the church service, a proposal was made that a marble tablet

should bc placed in the chapel in memory of Porter (Porter 1885, p. 73). This tablet is still there in the
Cuddapah town church building which was erected in 1884. (Figure ,l).

(a) G)

Figure 4. (a,b) Tablet which is erected in 1884 in the church building in memory of missionary Edward

Porter (Photo by the author).

A
Fi$re 3. Missionary Edward Porter (Source: (Simmons 1923, P. 8)).
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ln remembrance of missionaries who worked among them, Dalits named their children after the
names of missionaries. In Mutyalapadu village, Joseph named his son Satyananda Dendi Shepherd

John Claf1. Sujiv who is a teacher from the same place named his son Richard. lohn Clay and Richard
Dendi Shepherd were SPG missionaries and worked at the Mutyalapadu stationz. In;ammalamadugu
as Martha Yesudas remarked, a Christian lady named her child Peggy and another lady Smith. Peggy
Hawkins was a lady missionary who worked in that area and Smith was a medical missionary in
Campbell hospital at fammalamaduguu.

7. Conclusions

The above discussed evidence and oral accounts show how Dalits were treated as untouchable
and were made to live in a ghetto. Nobody touched them, or ate with them. They were not treated
as equals and were attacked. Nobody came tofor them and they were denied access to the most
basic necessities, including drinking water. I have argued in this paper that Dalits conversion and
their relationship with missionaries brought a remarkable s(rial change among Dalits in Rayalaseema

society. In the process of making Dalit converts as a Christian corununity, the missiona-ries questioned
the hierarchical principles of caste.based society in India. Dalit converts experienced social equality
which was expressed in the form of social interaction through community dining, accommodation,
and dialogue with people outside their community.
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This essay explores recent developments in prehistoric and protohistoric studies in India, focusing on

the interdisciplinary approach, human-environment interaction, technological advancements, exploration of
new sites, and an emphasis on public outreach. The protohistoric period, marked by the emergence of written

records, is characterized by the use of epigraphic data to reconstruct the history of ancient societies and the

study ofancient trade networks. The trends discussed highlight the significant progress in understanding India's

prehistoric and protohistoric past, facilitated by innovative methodologies and collaborative research.

INTRODUCTION

The prehistoric period is the period in human history before written documents were created. People at

this time were not cultured. Only archeological evidence is used to study this era's past. Three sections make up

this time frame:

I . Paleolithic Period (from early period to around 8000 B.C.)

2. Mesolithic Period (around 8000 B.C. to around 4000 B.C.)

3. Neolithic Period (around 4000 B.C. to around 2500 B.C.)

The time between prehistory and history is known as proto-history, and it lasts for about 2500 B.C.

During this time, no culture or civilization has yet perfected writing, but other cultures have already

acknowledged its presence in their own writings. until about 600 B.C.

The study ofthe remains of human civilizations, typically discovered through excavation, is known as

pre- and protohistory grehistoric and historic archaeology). As a result, it advances knowledge about the best

era in human history. There are several ongoing trends in protohistoric, and prehistoric research in India.

ABSTRACT
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lnterdisciplinary approach: Protohistoric, and Prehistoric research in India has become more

interdisciplinary, combining archaeological, geological, biological, and environmental data to create a more

comprehensive understanding of the past. Archaeologists are now working with experts from other disciplines

such as geology, biology, and environmental science to study the prehistoric past of India. This approach has

enabled researchers to obtain a more comprehensive understanding ofprehistoric cultures and their relationships

with the environment. For example, by combining archaeological and geological data, researchers have been

able to reconstruct the paleoclimate and vegetation ofdifferent regions of India, helping them understand how

prehistoric people adapted to environmental changes.

Focus on human-environment interaction: There is an increasing emphasis on understanding the

complex relationships between people and their environment. Researchers are looking at how humans adapted

to environmental changes, used natural resources, and Eansformed landscapes. For instance, archaeologists are

studying how prehistoric people used natural resources such as water, forests, and mincrals and how they

transformed landscapes for their needs. This focus on human-environment interaction has provided new insights

into the prehistoric past of India and has highlighted the importance ofsustainable resource use.

Technological advancements: The use of advanced techniques such as radiocarbon dating, DNA

analysis, isotopic analysis, and high-resolution imaging is becoming more prevalent in research. These

techniques are helping researchers to reconstruct past human behavior, migrations, and cultural interactions.

Technological advancements have revolutionized prehistoric research in India. For example, DNA analysis has

enabled researchers to reconstruct the genetic history ofancient populations and identify their relationships with

modem populations. Isotopic analysis has helped researchers understand the diet and mobility patterns of

prehistoric people.

Exploration of new sites: Research in lndia is expanding its geographic scope, with new sites being

discovered and excavated in different regions ofthe country. These sites are providing new insights into the re-

examination of existing data: Protohistoric, and Prehistoric research in India is also focusing on re-examining

existing data and revisiting old hypotheses. This approach is helping researchers to question past assumptions,

identifo gaps in knowledge, and generate new research questions.

Emphasis on putrlic outreach: Protohistoric, and Prehistoric research in India is increasingly

emphasizing public outreach, with efforts to communicate research findings to a wider audience. This approach

is helping to promote public awareness and appreciation of India's rich prehistoric heritage.

Actually, Prehistoric and Protohistoric studies have been an important area of research in India for

several decades. Prehistoric studies focus on the period before the invention of writing, while protohistoric

studies deal with the period when writing began to be used. ln recent times, there has been significant progress

in these fields due to the adoption ofnew methodologies and interdisciplinary approaches. ln this essay, we will

discuss prehistoric and protohistoric studies in recent times in India.
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The studies in India have also seen significant progress in recent years. The protohistoric period in tndia

is characterized by the emergence of written records, which provide valuable insights into the political,

economic, and social systems of ancient societies. One of the major trends in protohistoric studies in lndia is

the use of epigraphic data. Epigraphy is the study of inscriptions, and it provides valuable information about the

languages, scripts, and socio-political systems ofancient societies. Researchers .!re now using epigraphic data

to reconstruct the history ofancient kingdoms and empires in hrdia.

Another trend in protohistoric studies in India is the study of ancient trade networks. Trade was an

important aspect of protohistoric societies, and researchers are now using archaeological and epigraphic data to

reconstruct ancient trade networks. For example, the discovery ofRoman coins in southem India has shed light

on the trade links between India and the Roman Empire.

CONCLUSION: In conclusion, prehistoric and protohistoric studies have seen significant progress in recent

times in India due to the adoption of new mcthodologies and intcrdisciplinary approaches. These trends have

enabled researchers to obtain a more comprehensive understanding ofthe prehistoric and protohistoric past of

India, and they are likely to continue shaping research in these fields in the future.
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