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ABSTRACT

Green synthesis of nanorods is emerging as a viable alternative to conventional physical and chemical methods
due to its economic and ecological advantages. In this study, silver nanorods were synthesized using the leaves
of Ocimum sanctum. Scanning Electron Microscopy (SEM) confirmed the presence of spherical and rod-shaped
structures, while X-ray Diffraction (XRD) verified their crystalline nature. The average particle size was found
to be 15.72 nm. The biologically synthesized nanoparticles exhibited strong antibacterial, antimicrobial,
antioxidant, and anti-inflammatory properties and were found to be useful for drug delivery in human health
applications. These findings highlight the potential use of green-synthesized silver nanoparticles in energy
storage technologies.

Keywords- Nanorods, Spectroscopy, X-ray Diffraction, Electrochemical Sensing, Bioimaging



3-fogrm @e 3, 3i% ¢, U Q038

1. U=

Y-S ARieE ¥ sfenfie i armifeswe s &
foTu wecergot & sTrenftia 1 81" 5, i, Setfesm, dim i
T S VT TS ST AT 9 Y STEAR foRAT T 8 it
T farfTe 3SR, Soegife, siifteshat 3 forega T &1 &P s
HAE-H-HATAA 3T SR I T HSRM o8 & fi= ATH
ST 3 PRV, FARISH TG ATt gt wafifer aher
B o &7 & fee Figw Mo stgwae 3R sienfie
SN a1 o forw b fefg o T 1

=T o 1 H w313 "I i fafert e st
T €, T ggwrofial, ToTeat oA el < o7k i 3w foherm
e 21° 3 faferat stfres forrerd 2t § o feerar wordt €11 8

LRIESERCE D]

sfiefr el S Acorus calamus, Alternanthera dentata,
Azadirachta indica, Vitex negundo 3¢ T ITNT TEA &
TSI et FARIH s 7R e et o o forarm <1 gt
" Ocimum sanctum @DE'HQT) T AT 31':[5[% difia &)
Tarfopca 7 28 T, S, = W TR HHHU oh U= & ST
BT & 21° 3HhT uftEt & ww Tavae I # Ui,
S Tl oo 21!

Sl e A d A o e faen iz ¥
HwTeATe foweTs 21 3= faega =eskar’’, 3ol Tt ST
RO o HTOT A GRRITHT, AR -3 St 31 woret o o
ol

> 600 nm silver nanorods

\CESE Q?ﬂﬁ (Ocimum sanctum) F 3 ﬁﬁwmﬁz (AgNO3) ﬁﬁwﬂ:ﬁf@aﬁgﬁﬁqﬁwaﬁw

HId: hitps://share.google/brrmjuBtBQeORx03g

2. TENTICHS SFTHTT
et shT HE SR vE=

Ocimum sanctum Linn. Qiﬁljﬁﬁ?‘f, g ftren Iiad diem sgd
T e 2, ol o <ieniy, i Uder R uRmat Jramehr

STETHR-HTATHR BT 8 e HTHI=I: et T 3 Weft arey &t
T TR ST 21 FAHT T o foe ey dier g (2025) A &
e e Aot R frafarmerr (MMMUT), TRER,
S o TIET § T T 1) FT 2hT AT § TRETSE
dreftefi ST H ST T



3-fogrm @ 3, 3 ¢, °TE 038 LRIESERCE D]

2.1. afvrEt T 37k SR T

TSt Uil T 68

T 3R s fefees ot & gag

10 g T + 100 mL T oh FE-STarett & et
80 °C W 10 fie e 7 T
Whatman freet U @ ST

400 rpm R 2025 e 7o SRS AT
A T 4 °C T EHTRd FEAT

(ﬁ“ﬁﬂm >

C——
U

Q%H 100 quﬁaﬁnyﬁ-aﬁ'@ﬁ@D

C% w10 ﬁﬂzwnﬁD
Chatman WW'&D

@mmzo-zsﬁ%mﬁgﬁwgD

3

VVVYVYVYVYYVYY




3-fogm @ 3, 37 ¢, AT 038 TSRIT HeraTeT UE 3

2.2. frear T3¢ (AgNO3) fareram i aardt

> AgNOgz T AT — 5.09 T feer A1gge i fefSteat aus] w AT T

» T O gt — 100 fefiefie fefiees it & wiere 1=t ate firemar mm

> foreram TR — arw ureEn( fae=a 0.3 M AgNO3 % &9 8 oferet 3 7|

> EIEUT (TR SYAE W) — SRR § T o TR T Y e § Riad T

@WW@%&WWD

@m&ﬁz@mﬁmmm@

4

@%ﬁmaﬁ 0.3 M AgNO3 %wﬁm@

@ﬁﬂﬁwhﬁﬁwﬁgﬁm@

2.3. Toea YRt *1 i ot afvrat s 37 et T fireror Bt 400 pm W 30 fiFE
AT T 37X pH I NaOH & THIEIN R | 36ek aIg
fererr =T eTegrate siTerdeta | STefeht 180 °C W 8 Hie ek Tl
™

e AIIEH (AgNRs) T H4N0T Tk TN ush-wwofia fafyr
ST R T 0.3 M e Tsge foreme W 20 firefefier qeret



$-fagmm e 3, 37 ¢, °4TE Q038

Vacuum oven

Holy Tulsi Plant

Silver Nanorods

Dry Plant
=

Hydrothermal

LRIESERCE D]

Plant Extract

+

Agate Mortar

AgNO; mixed with
amm———

Plant Extract
& NaOH

o 2: Toeat S we3wor i AT

3. Ui R ==t

3.1. FTIR T &Rt

FTIR WHIEHd Th uiuds wferd Fiae ool et
fepswoTreReh qeAT €, S AN, e gge i MR-fammerend
fersiymor Seft ¢ gferemd srar skt R12) 1@ et srob 3 gt
S Sifer he W werm ® SR i qur st ST et | SAae
8 T At 2 i fdfm & o faeat e (AgNRs)
% 37 B FTIR T SUENT SLeHTcAs foivdret s gg= o

foru fomam T BTer 3 21T § 3590 cm ™! (O-H %), 3070
cm™! (C-H Bf&m), 1670 cm ™ (C=0 &f=im), 31 1525 cm ™!
(N-H TS, S7H1ES ) T A TR0 S ol T Y| e
ST ST Tetew <t Sufkurfer 3 ohoTt 3 Uit il k1 38
Afafich, AgNRs & T amgsie 7 816 3R 630 cm™' W
ST TR 30— foy



3-fogm @ 3, 37 ¢, AT 038

TSRIT HeraTeT UE 3

—*— Functionalized Ag QDs

15 —
o
fcg
10 —
=
8
£z
w
=
2
= T <t
o] ~=
)
5_
.“.’ 9
A \s
e,
-
Ao,
\\o Papm ®
' | I L L .’I
600 650 700 800 850 900

Wavenumber Icm'll

o 3: THRARTERAR I [17]

3.2. UV-Z99 T Eehiat

UV-3v ek} @3 Smefees i grefies foeryarett
1 Sifer o forg srid 3wt 31" 7 we-ere, wet iR fafim
T o AHRTeH o for farfite 2% AgNRs 3 Sifftearet forrward
3¢ farfe werrer trarfat ok wft waaefier s &

Nazima et al. 3% 75T § AgNRs &7 Siad IR 430 nm W
T TR ST SRR Alomar % STEIR H «ff erdt uftrEi & o
I T 4R AgNRs & 430 nm W st 3T 3=t foam |

X-378T (Wavelength [nm]): 350—475 nm &t €T & Jehrer
i qimeet famms e })

Y-3& (Absorbance %): I8 SdIdl ED AT iEE)
wferTe TeTft BT ST L 2T R



3-fogm @ 3, 37 ¢, AT 038

TSRIT HeraTeT UE 3

4 Pure Ag QDs l
—~ 3=
S
Fl
=
<
=
H
& 27
=
1 -
0 L * * = ' 1 T T e pep—p—
350 375 425 450 475
Wavelength [nm]
Torr 4: gvo Wzt I [17]
3.3 Th{T ST ATSSHIERTUT (SEM) fafies, @ifres it fhent o wae-fsit ferear 9w (surface-

TN A o T HAR 7 Toeat 391 s, 39 ik & smn
Foram =1 g weet,0.8 wt.% FEfeHRIA (functionalized)

Ag NPs %1 102 UL 6CHBT feiferers foreeet 3 gy foram aie 5=
T H ETeteRt 30 fie aeh srer wifeehar foram, amfeh ueh ey
(homogeneous) oo wTw 2 ) WWQW%&T"T ED)
100°C TTIHI W 4 ¥ o FeTq e | T T, foree et o
TE ST BT S| $6 ThAT 3 S HHQTRTR (isotropic) STaeeT
T I3 TiadH Tel gaTTl LC AT il SHaRTER ST 65°C |
famms &

i T IR (glass cells) & i h il 1 Fefo i aE
Sirgeht IR sl T8, foes st 60 umﬂﬁ?.'l'{seﬁm(Mylar)
gfgaf @ & w9 § W ) fafree fred & agoE
(characterisation) T 60 Hm I T TS THT ST 8, ik
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A= (orientation) Eﬁﬁﬁf%lﬁ AT B HTIR qige il I8
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2, ifer g8 rafh w1 % fog vate sehrer-e e (path
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AT Tt 2, fee 9 A fomr faesfa % feor ear 31 su

dependent proximity effect) AT TIY B Hehell Bl TAFAT 60
Mm ﬁzéwaa:rwmniform)aaqézq‘aﬁwgﬁfaﬁw%
e fhent 3‘1'@%—1%13”'-[ (morphology) H B a1t uftards
TEIq: FeH Sew (QDs), fafeae free arem 3k ag &
IR T E 30T B o 39 SR 1 =@ JuTel #
ST AT bl W FAAT 8| AL HILTS G2 FLd 8 foh
fhew 1 rrpfa-fage i & faawor s siffamm,
ToreeefioRtor Oe, qem et JIFRIUT (phase separation) St
Sfsratt & Wecol ® & T &M 60 Wm HeT$ Y AT
afeft fergrarat % sver % forg smast 21w &, e QA &
T e Hier I e § TErRdT el §, S STeRfd-foge
el STERMAT H GUTd (consistent) ST IRITE (reproducible)
o TR A o T STl A 2

SEM Bfot # fa@mg a7 areft T8-31R (rod-like) HEATE
eft Ud SRR (cylindrical) a@%ﬁ%mﬁmﬁ?ﬁ
&, S & o 11§ qwiian w1 A e-Ten AT
ot foreee STU\F}ﬁ % - frdrn (shape-directing)
T AT FHTATHH T (functionalization) A AT
TSI % T % HROT I~ 2l 2
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3.4. T @ (XRD) fasywor
XRD &390 Philips PW 3050/10 SUshoT gRT feham wmam| T,
aforret & gar =it foh SreRT fReeeti werfa yafdfa s ) i
Tt & s 3 "SRR Scherrer TR g et fee o D-formeamse sm (nm)
T 3 SV BT ST 15,72 nm T T o K- 3R (0.9)
o A=twgEl qures
__K-2 e [=FWHM (ffezT )
" B-cos@ o O=3TF
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GO0
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SO0
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Sy

Intensity [a.u.)

2000

(RITLIY

20 |deg|

T 6: TFE X T (XRD) faedwor e [17]

ATfereRT 1: TR faad (XRD) 221 & feat 310l o1 STiard ot ST TTOMHT

20| © in sin® cosO Tan© B FWH | 24in@ | d(spaci | B cos@ | D(nm) | Avera
radain (degr MB ng) ge
ee) (radia Partic
n) le size
27. | 13. | 0.2414 | 0.2390 | 0.9710 | 0.2462 | 0.266 | 0.0046 | 0.4781 | 0.32220 | 0.0045 | 32.049
7 83 103 723 018 12 59 53 446 379 185 333
38. | 19. | 0.3327 0.3266 0.9451 0.3456 | 0.560 | 0.0097 | 0.6533 0.23579 | 0.0092 15.648 15.725
1 07 902 814 345 45 94 92 628 55 543 504
44. | 22. | 0.3859 0.3764 | 0.9264 0.4063 | 1.460 | 0.0254 | 0.7528 0.20463 | 0.0236 6.1314
2 11 423 323 441 2 5 94 646 174 186 343
64. | 32. | 0.5630 | 0.5337 | 0.8456 | 0.6311 | 0.717 | 0.0125 | 1.0675 | 0.14431 | 0.0105 | 13.666
5 26 | 289 5 423 77 86 31 001 849 964 472
77. | 38. | 0.6757 | 0.6254 | 0.7802 | 0.8015 | 0.955 | 0.0166 | 1.2508 | 0.12315 | 0.0130 | 11.131
4 71 046 472 665 82 17 73 944 987 094 642
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(crystalline reflection) 3T ETTT 2
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feufar 20) (Rt TS (FTSEH) FWHM (fEam) HUT ATHR (AATHIXR)
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17.6170 219.3642 0.02397 6.1139
24.0928 182.7880 0.02602 5.6915
29.2945 2903.8708 0.07125 2.1008
35.4505 405.0427 0.02368 6.4206
39.0121 200.3899 0.03036 5.0606
42.5888 535.1650 0.04951 3.1394
55.6093 301.4400 0.06981 2.3429
63.5806 131.4510 0.02886 5.9037
723752 56.8370 0.08753 2.0509

oI Ag QDs (feer Faien ied) 1 =aHaw TR 2.0509 nm T SATARAT HATHK 6.6274 nm TRIT TN Ag QDs FT HHT HATHRR
4.5452 nm 8| HR-XRD 3T & 70T foram 1mam w3t uarel o1 TR serien Sied st wiaT & 317 21 37d: I% fosd ferer sar & fo

@y fva uarel Ag QDs (Frear Fariew Siew) B

60000 - Pure Ag QDs | 2
= 50000
ﬁ
za
>
=
S
= 40000

30000 —

e T 1 . . . SRR Tk A e RO T
200 300 400 500 600 700 800 900 1000 1100 1200
Wavenumber [cm™'|
ot 7: 9 TRt [17]
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fersroramd wow &9 § it &

Application of AgNRs
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Application of
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Applications
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Applications

Tort 8: e STe® & g

@ o AL S TETraT & ST T /1)

4.1. TATERUT FTIATT

Cu(Il) 3R Pb(11) it Frrft 3 fore sermeft Suehtor &
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T ey W R R mrl | soEe X
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11
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[SUIRIS e

3 I, Ece etal.eng2+ WWWW%%‘I
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i o foeg were deeR e nfafafy fees
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%|27
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T 37 firear IR st sfore o 9 3=
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AT Tttt o shroT oy &9 & Su=nft 81
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Tabaika et al. ¥ AgNRs 1 fieft SR AT LED Tet
% Ty fhretTeRt e it =8 R
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ABSTRACT

Chalcogenide thin films, made by combining group 16 elements (S, Se, Te) with metals, are important materials
for electronics, solar cells, and photonics due to their high IR transparency, adjustable bandgap, and fast phase-
change properties. In this study, nano-chalcogenide SesolnsTesSng thin films have been synthesized by the physical
vapor condensation technique. In this technique, the chamber was initially evacuated to 10 torr, after which inert
ambient argon gas was supplied to the chamber at 5 torr working pressure. To deposit thin films on glass substrates,
SesolnsTesSno glass was placed in a molybdenum boat. Liquid nitrogen (77 K) was used to cool the substrate. The
thickness of the deposited films was 20 nm, measured using a quartz crystal monitor. X-ray diffraction confirmed
the amorphous nature of the samples. High-resolution scanning electron microscope technology has been used to
understand the morphology of thin films. To understand the optical properties of the synthesized nano-
chalcogenide films, their optical absorption coefficient and optical band gap have been measured using
UV/VIS/NIR spectrophotometer. The results of these studies suggest that these films could be an excellent choice

for phase-change memory devices.

Keywords: Chalcogenides, nano-thin films, UV-Vis Spectroscopy, absorption coefficient, phase-change memory
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ST M T Wlo IARNE STEHE @M & ATiexM #, wifeht favmr, de dgas
e, TRETE feord wefrre e faet da # “stefanas F@ien Sied % Hg
T H 3‘13[9?1‘1“ (Synthesis and Applications of Semiconductor Quantum
Dots)” TRy o &u= gam Ef. i & 10 M- HTLT &R/ o=
fafed ot & TR & 9 € qo I 2 TRe e | off Jwree faar
B 56k TR, 3ok T 7T 3 TS & o U2 ot & 3T TEIehTed o S0, $2iq
8 - T T ST THIeHT § SR fohT T 18 FRIRIIerTat, S
T Afe # afsher aeefirar S a9 2024 H 3T <R fER e e SRR §
ST (STHTerahT) % 78 T g3l TAM H & Teanit 3= forrmer 68 3¢t #ioi,
YT TSR, TTertsT, forer 7 Ao §aTd o 2 3@ 2
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2T, 3T e

. ST 2R T STH I T o TG SIS H g1 IFh IR
TRrer sreiveat arg snforeRT 3ot i, TRE & U= §81 3aq ad 2002 7
99 "o | F1ash q a9 2004 H «ifass g fosr & wreass
ST e ST e foraforener, TREq & STH | T
e & IeohE AT o fore 3% foraforererar ot st waeh et foram e
2005 § 3= witfoes fog forear & GATE Wi 89.29 T@ierser & &g
Jefiol il 38 I a9 2006 H IEH CSIR-UGC NET TaT ff
HHATYE ST01 h1| T 2008 H ST, 3T 2famed § 62 Ugas e,
TR H ifer T forstor o wemreh e o &9 4 FHRIMR Ievr R
T 7 ot o 36t SEr H HE ST o U8 T HRRG § T ST afren
TE 30 FETE WEH & | AW 2020 H 3T eI IR TER
foraformmer, TRET & THE TG STeHE @ qoT SIHET g T
foaml & 1t ANTER § ST e 9t R Sfaete (Ph.D.) i 3T
TR | ST 3N 1 I "=TehISiTeS i Ud delt fhewt § yord-sm
TTaET i (First Order Phase Transformation in Chalcogenide
Glasses and Thin Films)" R ST, AT 3 T qh 20 M-I AT
Tt Y wfafya wiver aferreit § geRier &1 = 1 ges ifafd SR
T STEATT o oia # it Aecaul AeT faaT 31 3He T W T T
T 1 Y32 off &St B T TierehTel % SR SR TN U S
FECHT H 9 R0 ST {oRT T AT 1 5 ShRIRTTCATSY, S, Sreri
wg AfeAT § wfr &9 & wewfiar i

o ITHIIE TEHE T

Slo ITAIME STEHE WM I e, HIRA o TEE Ford He Uggsl Hietst &
“fferefr form & swrfta vk aftm we wiafya frenfeg qor siveerat € s
STH I TG o HERISHIS SIS H 31| 301 AT = (18T TH.Ue.F.
STt TS, SRR § Y01 T qoT Y 2002 H ST fifora seafan, T8
Terett o6 siferehl e & worfea were «ifsht (Condensed Matter Physics)
T Eiaeie (Ph.D.) 3T SUTHRY ITH <l 319 INeThTed o SR $wai- Eifer fe=
il o T H i A §U ST ST STifehl 3 & § et srgve Afid
TR AW 2004 H 381 W2 UGS Hicis, TREYL o Wifcrehi formr o werreh
ST o &9 § 70T efiren dar IR il 36k T2Td Y 2007 H
= fef sregeesist foraforamer™, Sig1 (@l o) & fog dem 3
TR ST o UG T G, SIal Swai T off T ook TeaTa U ey
T A G HATYF IFTF STHN T I qehri[oh hT SATARTI T
A fofam e 38 T: He Ugas shiai, TRE § STt Hamd s
ot 3R e @ AT fReqor Oe s1geem § | € e 25 ant @ At
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ST ST ST AT o6 SR o @ T wiifosht fonmr # <weferet amga
freret SYer i ST Y, S SdHE | I I S B U Heut
%3 B TR T S FFe § ee SAehISHTSE T o ReeefieR
Tl (Crystallization Kinetics in Bulk Chalcogenide Glasses),
I T HI-uael el % EtETons, SRt form o
(Structural, Optical and Electrical Properties of Bulk and Nano-
Thin Films) 3T STER qT STeTCTeh Falied Sed T To380T Ud 3ok
Tt 31':[5@1'?[ (Synthesis and Possible Applications of
Semiconductor Quantum Dots) it 81 59 &1 § 3R Seae
TiTeT feam 81 To @M & @ 100 IY-o il siqwrds wier
afrerTatt § FeRITa &1 9 8| e SAffeh, $e T1H T TR &1 &
3 432 Ufieha 21 3R TS TS ST TR A I e T
Tk STEATA 3 +ff STOAT WUl ATaT faR 21 37 R §HR
foqm we enfiefl we™ (DST) o fafoenee srem s
(UGC) g IS o8 SiTer TRENSITST shT eI 3194k (Principal
Investigator) EXeR ITWTCE‘EF T foRa 31 W €, 3)iH O
ST T o ATk T ol Tl AT ot fora 8, s g
TTSATCH 1T 3T STRTETe A T Ui 31 o W 3 37
T T FRISSIAT o TS § 316 qo 5 RNt (Ph.D.) T 15
TRATA (M. Sc.) Ferefofait 3 Siver st 1 AeberaToeish ATieei foha
21 A 7 3 foremfifat ot fRver wer e e vere fmm
(Material Science) o & | 3T 3T Rl FicdTied i o fore it
SRITE &

1. J&dTaAT:

ehIoHTES! 3Tse & Uieh Teal § fircTent o1 R “ITeishia” g9eht
s & 3TTEh/@ S, 'S ol HaeTsl BidT & ST 4T Icdw ST
| SETAT AhISTES ShT HTLTOT HaeTsl BT & WS ST | AT
| 3 T 16 3 Acall T SeehISIHTSS el 1T & | I 7 SHTadier
(O), TTH (S), TATH (Se), ST (Te) 3R WA (Po)
AT &, TG ol TH ATHISHIES TE T o1 L © AT IeH i
9 T B & FOH (S), HART (Se) 3R T (Te) | 8H
AchIoTES A ST THT TS ST Nl +=T T FHieTT
T I RAifeh SATRTSI § &1 T8 i SATHATSS TTd hed & (S
TfererT TetTen) | HTeRISIT 3Tereh fortont =Rt SFarenifd shtaT 8, 3R
ARSI ot 3 o o7 Totre A1 forei = oder S o s et
ST GIATT=IH ol T ST H &I 7 3L ol 0T IE § foh
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78 U fearendt a2, 36 ferer areft fafsmor sga eae ardt
21, [2]

ITRISHIES T ek Sher & Iy =re ofit Rasferai e
i A AT BT & ATIROT Hiw wh s 92 fwar @ S A
ATG TG el B, AT AehoIES T8 T T (I
ToRTOTT) T 370 SHaT & TSI ST 21 39 T Shi U Wi 7% &
o Qe O STEET Sed "l 8, A IFHR
(amorphous) Teafa @ frecfia (crystalline) Teufa # ufEfda ar
ST & | SHRT STISIHTR ATV hiel § S5 SAfee BT 21 I8
AT BT ST & Sfeeel SIs! il BTl g2 shi et S Heret
gfrg dchISAEE ™M Arsenic Trisulfide (As,S;) @l
ThISIFTSS TTE T STeT fohe T oI shem o erenfie srafes
1 TE & ST Uk GEgLd dict Teort § & 2ioht 3Tl o G el
T TG ol TR I H $H ol 39 TaT o 9 1 el val =t
ST AT ¥153 T ANk Hacrs foReT TS war om wefa #
SATEF TTZCHIZE T Uit TeeR & &9 3 firetar o i578 U 3K
Ttk o T ST ITFNT TT 1 a9 AfehT aar fereft =t &t ot
ot foF soet et o=t sFm ST whan @ e for g9 %
TS Aot ¥ UEt dehien forenfera s ot o forar forerehl wee
¥ U T off T G 2| TEIEE BT (1950) Fl ATADISAES
TATE T STk HTHT ST 8] 372l ST H SATH (e JHehss
e fope) S o1 ¥ fopa fof o1 otrer stereeh fomeomt bt ot
TE Y ToRA 3T 21 36 @I A e forsi et ot <At v
[3], [4] =T ST 3 ed & & Stfiedhel TS ST
foru ¢ it srfirer gerel ot i og @ B, e 9k g
Hefeft U T TR AT AT T T 2| SHIHR ST §
Topeeciiar stare & Fifir =T wshmor & Tore o SRt &t 3
Siftashel 321 ©RS # 3YANT % foIT A srelt 21 59 e &
foreetartor st forifr e ot e weeaut fafer epfer wifet 21
[5] SRR 1960 o GRTeH H T A fearsd i forem s
fora, o =TreRISiATES TeTelt % IR 3 fsheeediar =ron &
T SrE[d ST ST AT 3SHT| $9 U0 T T4,
JATfeehet BHT o1 T foram T ST 27 W LI R F fag
Siifteshel TIE H 37T T IUFNT Bt 2| STaE qiad S
e T TcrRIoATES U fhert % TN ¥ Iq ST TR
THTHTHT T AT TR oR2T &, ST =1eT ST Wefer sht st /it
T Tl AT B [6]

g U 3 [7] ST giaaq §31d o GeS, I Sb, Te, et
T WO TAT 5 A H g T GERIA FopaT| oo v
3T [8] F T GeTe-Al,Te, AThISHISS TTTH hT TN ST
SATSHERLOT e eh § foram T dcqena forega ReafehT qom st
ftareie Sfer 0Tt =T ot ST foharm | T e deeieh grT
HIMT TGIHF  (SegsTe s)osSn AL, TTHISHES T@E &
HTIATCH, oA ST T 10T 2T FereoT J1Iesl U 317 [9] §T
ST ToRT TR T AT o T 7Tt o forega <o it e
2T 3 =07 i HA fearse STgym & fag Se-Te o #
Al 3R Sn & THET 3 Hecd T == i 18 2| fdl w&f 31 [10]
T Bi-Te faamed firy angei w1 e b =i 861 % forg
T Jehicush IFHIGER o &9 H @IS 3 vgref =wer gftedd s
R T STIHCIT A o WIA-HTY T FRATHE S
TR o Frmtor o fAT STreTSe s Yo e 2 orelt we
I [11] 7 T FAT dehiieh ST T3 GeTe =ROT-aREd=
weTelt ot foreaefieRtT TRl ST STeR f3ham T GeTe W 3194
T Jeah 3 fafte fwm % #nor frea gfg ok
TFATI hT I AT T 1 7T 2| TH TaT HT HEEET BT




S fagmm Ee 3, 3 ¢, 7™ R0%E

oI § Wd gY, 39 WY FE § g A1-uact fhew & w9
SegInsTe,Sny o1 fersgwor fomam R

2. T

3 MY T EER FW "Hed FMET dHAIE" U ok
SegInTe Sn, TATE ST AT 21 SN ST areit A, et
(Se), 3T (In), @ (Te) 3R & (Sn) T 37 T
SITORTA o STTER AT T $ STk &9 8 €% oy 1Y
FAEST TR § @ AT 20T TR 1 107 S AW S
TR d fRr T am e qmEe W w3 T %

Pure elements

weighing
Ice cold water;

.“

Quenched ingotsare
crushed to fine powder
using mortar and pestle.

Heated ampoules containing
melted sample are quenched

%o SH1 T 14

el § e o foTe wregew o it 3=at faata s
oIl 38 16, Wefl fohU T Tregedt shi Uk HTSshisTea-faifa
TeATerger TriE | @ TR, S SR SO H Eeierd g o uee
=0T H, ATHI 2T 2 ¥ o T 673 K 0 SHTT TelT TRIT; GHL ROT
o, 38 2 512 % foTw 873 K ek sigram T, e =rwor 1, sﬁwréaa
T 973 K o 9 foram T, 3 ofa |, <) <wor 8, a9 3
& o 1T 1023 K 7 s mam firert gu et ot 3ferd gweewar
gffera o % fofu Treged i TR feetn T gE e,
T 1 A § 3 T H ST TRAT| 31 B <ok AT bl UFR
et fiehTeT T 37T O 32 ok ISt ® i fotam mam|

Quartzampoule

—

Vacuum sealing

H._

Melt prepared

Melting‘

|
.y

Sealed ampoule
are heatedina
programmable

furnace.

inice cold water

Fort 1: oo AHISHTEE T 3 HJT0T B Hee FATHT qebei1eh b ANeTelg, 3T (I8 fort v wear [1] & foram man 2)

s aTT TR dehieh ERT AFI-SeehisiTgS Sl 20 AHHIT
Hers I uacl fhed a8 TS 81 Fies THRE TR soiEe
TEFFEHT  (FESEM) @ Ioa-RSfeo@H ey o
(HRXRD) 3T YT Fleh Eieifard uerel & Tt s # et
i TR 81 sFTeRR iR foreectierd aaett feewi 1 HRXRD
fopsager fomreg tfeeT-1V -t o=t st ST teh foram

T, 5 30 kV W Cu-K ot Trfertor 37 10 mA =t & st SR
Tora | farare TTwTget 10°-80° % 20 I T 20 Ut fime i s
T3 |1 W foR T, ot et fopent & Hisg foreecfiar =t
EAREEIER e

()

il

U

Ammealed at 363 ¥

e g (e gae)

et

e BN D P i,

T 353 ¥

Tmmoenled =
ey

o

ot vt 20
e -y

Annealed at 343

S N S

As-prepared

- ogmnd PO -
e Ly Lo Tl .—-1

'
10 20 30 40 So [=1e] 7O S0

o1 2: SegIn;Te,Sn, AHT AeshiATES il TR 3T THiee yaelt fthenii s HRXRD |
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FI-SeenisTEe i uael fhen it wag fit smefa o @@
fedor Sea-feiiea®™ JEOL/JSM 6610 (T g
HTSShIEERIY T IUANT ik foram maml ferr 3 & v 2 f36 aromm
e % | et it BT § Hecaul g 2T 31 78 W
o fof iR stewe QA i 7 e # Hag i g

As-prepared

j 100 {nm}

e

Amnded at 3533 K

Eﬁo M Qa':’ﬂ?q

AT BaT 7, Sfafer TAferT i 1 fhet # whferT o e
% TTY FAE W HhTaA w1 fmier fewts I 7, a7 e
foretar 2 fop wHifelT arowe & afg % FROT SRR sTEwen @
TRt Taee § STareeT ufad i T8 & ST 2

4

TR0 3: SeggIn Te Sn, AT AehioHTES shT ITfiyeh 3R THies udelt fthedt st FESEM 3fa

Tael! fOhem shl STCT-STeRT ATIH UT 2 S ok ST Sl ol
TEEhT "WRTI U T STeRrE foRAT T 21 wehTefter o
7T JASCO UV/VIS/NIR TFIHBIEE T SYFT FHeh
I RIS STIRINOT Skl AT fofhaT T |19 400-900 SHTHIET
T e wimr oT fomg e 9

Frafafas aefieror (1) &1 ST #e, TR AR Ties
SegInsTeSn, THHT o ST U (L) ST TOFT T T8 2
[12]
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oL = YT e / Tohem &1 Hiers 1)

Rvfieg TRl & I8 T7E ¢ fo vk fafoe qoeed w, Se-s9
AT AT SigalT 8, At ot [T H STaRTIT uTieh T AT
ST ST 2] BT 4 W o F AW FEfaiad dee g
Frerfea T 21 [13]

(0thv)’ = B [hV-E,] )
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‘%ﬁo = Qam

13
12_-Semln5Te1ZSng vV
vy?Y
AR
A A A
va ALS Por
& @
AAA ® I z
L]
- A .. - - ] |
£ .. |
< *® .
g -
=
B As-prepared
® Annealed at 242 K
A  Annealed at 352 K
¥ Annealed at 362 K
1 L - 1 o
4 5 6 7
BIETd FolT (eV)

I 4: SeqInTe Sn, AT ITHSITES i TR 3R THics el T o ST BIEH St (hV) 3 |1 SFERIST 07Tk (O) H e

Il B Teh YUHICT T SRTAT & ST HshuvT oht THTeHT 0 fef st
2, E, TR S STe H awiidr 8, S verrefa Esheor
i p g et foram simar 1 sreet Sii sTieet s sr=aua
o oI p o AT SHRT: 2 ST 1, I 7T 8| 39 frfer , Wt SRk
p T T 2 UTT AT &, ST SeeT JehTeii TshuvT sht Hehd <al 2
[14]

<hT ATS|

ot 5, TR HT TS SR THTE SegIn, Te,Sn, Taei! Thedl Sl B
Fitt (hV) 3 TTeet (0thv)? 3 sff=r T et awTiaT 81 3T o W
AT BT eIl 31T, I X-37eT W faeaniid s, Tl S
ST Sl AT T T ST Tl B] AR 1 | QIR Y TS
SegIn Te,Sn, daeit fhert & weRefi S Fauet & A A
T femm m R

6.50E+011

W As-propared

6.00E+0114 & Annealed at343 K

5.60E+011 - &  Annealed at 353 K

4 ¥ Annealed at 263 K
5.00E+011
4.50E+011 <
«_ 4.00E+011
- 3.50E+011
E L
L 3.00E+011

% 2.50E+011 -
T 2.00E+011 ~
1.50E+011

1.00E+011
S5.00E+010 :
0.00E+000 -. T
2 3 4 5
Tl FaT (eV)

Sa_In_Te Sn

L Ha R

T
6 7

TR 5: SegIn;Te,Sn, AHT AoshATES it TR 3R THice Yol fhent & fora St (hv) o |19 (athv)? 3T M)
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I 1T 7T TR Ste AT Ao sredr 2, @ S s st
forepe ST 21 SR SR Rt staens & e 8 A
IO ESHAU] TSI SIS SqUrel § hHY o ShITT SdTd 8] STHThIT
veref s ATt G shier HehHOT qToHT | 9T feRam ST B,
e 39 et 30! ¢ ST © To6 98 %o s el )l ae
Tl & ST e ol 5 TMiat TeiierdT SaT & el 2|
siqa:, iR frmior 3t afs & freecfioror g 8, s eife
AT o et st B1 AT areTe sig o wrer-Erer arig w9
T uiafdd fereeeia steeen off st 31 70 == freed e aad
& o 3 3o fopeecita st €1 e &9 & Y oS st
et 3 foTw SeeerEt 81 [15]

%o SH1 T 14

3. SUHUR:

THN TN HF T SegoIn;Te Sn, AAI-SeshiSHISEH Sl 20 et
T el feenr fmior foram mn oii fofire qromet @ whfe
e T el A foreeefir sreern # ftadd ot 3temae
foaT TR HRXRD 3R FESEM ATHT & 9f¥ 8reft o6 5ot am
1 TS fihed! =T SRR W Tortaetier e # uiterfdd grar & 3K
TTIHT e T I8 Ui ST TIE BT 8, S HSH1-He e
STIEAT N o T BT 8] T STEINET 0T & Hehd
firetar 2 fop wehTeir STEIRINOT Yeger AT 3 RO el B AT
IR, IS Sil | JfG % |1 STV TUTieh ST &) IHIh
ST I I R 9T Brar ® R S8 Seg,In Te,Sn, -
TTRISHTEEH Tact fhed sTereer aited S Ifwar § Swntt
forg & Tkt 21

ATfeteRT-1: SegInsTeSn, H1-SoshiaTES T TR 3R Tiee vael fhedt 3 Ferreiia Treret

TeRTIT fRertien RIS AaeadT | 343 KW oAt | 353 KW oAiferm | 363 K @ oifei
&I yactt fhew | 1718 gdelt fhew | &1 718 gaell fhew | &1 718 udeit fheq

o (104) ('a-q'-]-l) A =480 nm W 2.32 3.13 3.94 5.11

TR T ST (E,)(eV) 3.90 3.72 3.42 3.15
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ABSTRACT

The Tehri Dam Project is one of India’s major multipurpose river valley projects that has played a significant role
in water resource management, hydroelectric power generation, irrigation, and drinking water supply. This study
presents a comprehensive analysis of the geographical, historical, technical, social, economic, and environmental
dimensions of the Tehri Dam Project. The study is based on secondary data sources, including government reports,
academic literature, official documents, and published articles, to examine the multidimensional impacts of the
project. The findings indicate that the project has contributed significantly to hydroelectric power generation,
regional development, irrigation expansion, and tourism growth. However, issues such as displacement,
rehabilitation challenges, environmental degradation, and seismic risks have also emerged as major concerns
associated with the project. The study concludes that the success of large-scale development projects should not
be evaluated solely on economic benefits but also on the basis of social justice, environmental sustainability, and
balanced development. The Tehri Dam Project highlights the importance of maintaining equilibrium between
development objectives and environmental conservation for sustainable growth.

Keywords: Tehri Dam Project, Hydroelectric Power Generation, Displacement, Environmental Impact,
Rehabilitation, Sustainable Development, Water Resource Management, Uttarakhand, River Valley Project,
Seismic Risk
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ABSTRACT

The present study analyzes the trend of ambient air quality in Hapur, located near Delhi. It compares the levels of
major air pollutants, including Particulate Matter-2.5 (PM2.5), Particulate Matter-10 (PM10), Carbon Monoxide
(CO), Sulfur Dioxide (SO:), and Nitrogen Dioxide (NO-), during different phases of the COVID-19 lockdown
with the pre-lockdown period. Daily pollutant data (based on hourly averages) were obtained from the Central
Pollution Control Board (CPCB), Delhi. The study primarily focuses on air pollution and the Air Quality Index
(AQI). The analysis includes the pre-lockdown period (1 March 2020 to 22 March 2020, including the one-day
Janata Curfew on 22 March 2020), Lockdown Phase I (25 March 2020-13 April 2020), Phase II (15 April 2020—
3 May 2020), Phase I1I (4 May 2020—17 May 2020), and Phase IV (18 May 2020-31 May 2020).

Compared with the 21-day pre-lockdown period, air quality improved significantly during the first and fourth
phases of the lockdown. On 22 March 2020, the day of the Janata Curfew, the Air Quality Index (AQI) in Hapur
was in the Moderate category, and it remained in the same category during the subsequent lockdown phases while
showing gradual improvement. The concentration ranges of PM2.5 during the pre-lockdown period and
Lockdown Phases I, II, III, and IV were recorded as 14-98 pg/m?, 19-60 pg/m?, 18-74 pg/m?, 22—-65 pg/m?, and
13-73 pg/m?, respectively. Similarly, the PM10 concentration ranges were 22-211 pg/m?, 36-222 pg/m?, 62-310
png/m?, 73-220 pg/m?, and 18-232 pg/m?, respectively. The SO: concentration ranges were 1-16 pg/m?, 611
pg/m3, 4-13 pg/m?, 3—11 pg/m?3, and 2—7 pg/m3, respectively, while the NO: concentration ranges were 3572
pg/m3, 42—69 pg/m?, 42—-67 pug/ms, 45-63 ug/m3, and 48—69 pg/m?, respectively.

The 8-hour average CO concentration was also analyzed and was found to exceed the prescribed standard limits.
The exceedance ranged from 0% (during Lockdown Phase IV between 16:00 and 24:00 hours) to 48% (during
Lockdown Phase I between 00:00 and 08:00 hours). To assess the influence of fine particulate matter on overall
particulate composition during the lockdown, the PM2.5/PM10 ratio was calculated and found to vary between
0.3 and 0.6. A key finding of the study is that pollutant concentrations were considerably lower during Lockdown
Phase I than during the other study periods.

This case study demonstrates that emissions from vehicular traffic, industrial activities, construction and
demolition work, biomass and waste burning, and road dust substantially deteriorate ambient air quality. The
restrictions imposed during the lockdown significantly curtailed these activities, resulting in noticeable
improvements in air quality. Similar improvements in air quality were observed worldwide during the nationwide
lockdown. The study suggests that long-term air pollution mitigation strategies may include restricting the
movement of heavy vehicles during the daytime, implementing car-free days and odd-even traffic schemes,
promoting public transportation over private vehicles, encouraging the use of alternative modes of transport,
vacuum cleaning of roads, controlling dust emissions from construction and demolition activities, and enforcing
a complete ban on the open burning of waste and fallen leaves.

Keyword: Particulate Matter (PM), Janata Curfew, COVID-19, Lockdown, Air Quality, Air Quality Index (AQI),
Ambient Ai
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IgreE R TP )
HIfraT et

TheR i uaTe 3 THuEEt F diveel wEd o fas § sfy
TE Pt TRET & W | T a8 Wiy TS AR A e
Tt Feifim At fomm g6 S 3% S e Iea e
TN SATETENE G STEAT0e U8 o forg =afa 1994 & =t & fomn
T 1998 H € N ST 08 T I 12003 H 378 = ST TSt
€ STH AT (AT I8 THITHUE STHET o 78 T 3 2021 T 3¢ THhe
1 T8 0 IATISTOHT e % SR TT 36 Aol ST FA o IR T
TRl SR ot TRt T ST % FTq Se i YRaTSST foRa [T ST 40
3 ST I AT B T S # SRR R @ ISCA,INCAS,ACS
3Tt % e Hert oft & [oarferor o ¥ wEd gu et Ay qen 9 §
v She e TR B

AaE g Tue

7 g g e 7 TuEEt ST HEE T T 1994 F qur fiuaet
T 2000 T SRR hictst SRR 8 SUT ITH L o 16 TH TH I hichst
TS H TR fosm & 3781 2006 H 3T SwT Foarat et formT samerang
T SRT < gl ATaE fig sroret ot weifiue Siher & ug T st
) 37 Triae H TR 38 ST 1 HeargEe fee foraT ST T
2 o T3 I8 T UG Bl ETEAT G311 8 3k ARTaRt & =R sienfifat
F 7ot et i uTfr e o ol B 37wk wiereRat ot dieerel s T
2 13799 Sreaforeh hrieRIeT H 3R 30 | SATGT Y U WeRTHTd ford & g
wfifrr & a7 @Te He R
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1. ufe=r

F RECK IERELICIS (CPCB — Central Pollution Control
Board) ¥ ¥THR o T, I T ST GRade Hamer &
el w wifafe Fem 2, St 3w ) d A o i R
et e 21 Hea dieRe deid |re (FodofTodo) it
JSTHTE o TR, HA H ATeH1 b1 €T 2004 & 72.7 fufom &
gt 141.8 Tufemm & s1fers &1 ¢ off wdh 3w & Tt Sewsa &
TREET & ST ANTE T 90% 2 (WISH T hiFeht, 2014)|

forgr ey g (WHO — World Health Organisation) &
HFFEI, STl 1Y FGNUT o HROT Sfard forarwt 7 4-frfera &
Ao TRl 1 qoagd 7eg B 2 36k T gea: 2.5
TIESHIHICT AT I W AT S8 aTcl G&H 0T (PM2.5)
SRR &, ST 4 o shi Fau PRI, T o Toh THE=ror
T 1 TR &fd 98T © (Xiangdong Li T8 311, 2019)] frer
(2020) ¥ gfcurfea fopam @ fo arg wgweni & dueh o o @
TR &t 3 Tt sl W eiteriiefes =@ (Oxidative
Stress—ﬁﬁﬂ@ﬁﬁmmmﬁﬁ)@wm%
T W I T R

1 TUrereT Herehish (AQI — Air Quality Index) =Tg Sguor i
feurfar T we HEaTesh YT W SE R i AT et &,
& FowofTodlo(CPCB) 7 37agaR 2014 # R o forg et
foram ifere-19 (Coronavirus Disease-2019) HEMHRI o Ty
¥ HRd TR GO 25 AE 2020 H AN g Arehered
YIS T T Tk ST ‘SI'@R‘I% ST (Natural Experiment)
ST foa, e fiare, e aE fmior et e e
Tl T ST VAT R SR T TS HTH R STHTE ST 7]

el getTent 8 et R fmior et & Ish & 2 & Seal @
TE o QW feheTd &, ST Quo # i I ad & (o
a7fe, 2018; CPCB, 2010)1 2015 H f&ig 3 Tew 3 sram fop dsit
W B R el 3 HIT Ug-Uieil oIl IS SeATeh! ohi SITE, ahshie
T SR, TTEd ST gerehl Agah of Wi 8 (g, 3mfe, 2015) migat,
TSH H g 3T 3W 67 T FEHTA o GHT THMHT T
AT H 1Y TGNUT o A Gl 8| WS A HEH (2014) %
STTAR, HIRT TN 3h1 HEAT 2004 F 72.7 Fafer & sger e
141.8 firferr 21 715 off St 321 sram o 9Ra # et Seasiq
ST 90% AT A Tt T ¥ (@ISR, 31fe, 2014)|
ofiamed, ST(E (2013) T T § o6 It sotment | T uitas
SOt S AR ST o st &t wefer @ (sffameq, e, 2013))
TSI, 317 (2016) 7 AT TEHOT o6 TSI T SR fofm 3R ar
o wvft 51 718X H NOx &1@T 8 3R SOx FH 3T 8 T e
TS T HEAT SGH 6 HIL0T &1 Wahdll @ (TSI, 3T, 2016; ST,
arfe, 2006)| =T, 3TTfe o e 9 W ot = © foh aid & ol
STETEY AT IR SATeh! § I8 Uoh SIS AT § (J1, 3TfE, 2010)!
2014 § TR § ARY TR BIfaaT §RT 7560 T Uk steadd o
AT T R ST STETe 9Tl 3T T F TR 3 st o
PM10 37T PM2.5 T 3fi8d &R {99 Wrees Tea(WHO) 510

T Y TS T T § ST o, ¥ W OSRES: 189g/m’
(PM2.5, 76 lg/m®) 3 226 [g/m’ (PM2.5, 91 Hg/m®) 91T TT
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(SR 3 31T, 2014)1 2008 T X R 317 T Iarn foF SPM,
SO, 3T NOx 3T HTAT W T T T HTeh HIHT | Hehr 2amar oft
(@ 3 3771, 2008; TSR 3R 314, 2016)| IO H Fe Freawor
T (Waste Disposal Site) T fAaiftard smurehir geref (SPM -
Suspended Particulate Matter) <hT SPq e Seas 1708

Pg/m’ TTRIT AT, Selfeh el W & (Land Fill) W SO, 3R

NOx T ST Tk S SHAT: 285 g/m® 3R 234 Ug/m’
oT| YT SR 3= Sqr @ foF PM10 % SIgaTa sfiad 719 8
TR SATET AR FOHRT FTafes Taref (24%) F1 T 8, 9%
aTg il foreeeti™ vatd (16%), TehTeT-STayd s aTetT e
(4%), STHITRIF AT3LZ (6%), TAT THET T (5%) SR STHIRm
TAHE (7%) S 311 qe1e 371d 8 foeett § PM 10 & &aR(Sector
wise) ANTET oeT &9 T Ty 11’&'{3FI?'T(S‘3c011dary Aerosol)
(21.7%), Tt i &= (20.7%), SfaTes $69 & S (17.4%),
AT ¥ feher ATt g8 (16.8%) ST SR S (13.4%) &
IaT & (T 37 371, 2014)| 77T, 2008., WHO Y i (1992)
% AIEAR, VT % F3 99 Ve § a1y H JgH0T H &« WHO %
TR § SATAT & SR Hhr aaref (9 H Hisg e o) e
STt ST o et § g o e we STt efid wredl i
e WIET e € (“uftenie T diegee S, faa wree
TS, TS 2014) (AT, 2008)| 38 3T & {78 PM2.5, PM10,
S0O,, NO, 3 CO S i HT9EE (Parameter) T T & Fiifh
TS H 3 BT & S5 SATET TG0 &1 el @ ST 2TYS H 0gor &
TR T Tors3woT AT ST 3T oY el UrarlT ohl 3R SR o o
W 3BT S 3 Ted § T s Ty, i g At aofe &
Bt & (FoTofodlo, 2009; S 3 =7, 2016; WHO, 1992;
SITHETET 2006; W 3 3121, 2016) ST 6T THTEH WisH &
o o frert =rer Tt 8 5§, AT 3 WO & BN ATt SATaTR
g o 17T o STR T aTfeahradl (FifSaTeRger) § St anem
Srer ot T 3 T forw w8 Sfew SRmi(Biological
Processes) fsmer %; Slﬂilrah, quc\hlchi & GUH T W T foet 3t

T STET U e i sEe

T STTEehIST T B ATl T o % Tl T STl ga
T 3TEH a1 @ T @ (e TR, 2020)] T8 TSR S
S BT ITETH GO i Ut i T2 o weh SieT |1 e 2

2. ATt TR farfer

2.1 3599 OFA

BTYE ol ISATATE STt & STERT Fleh BTeT 1 & I ¥ o Ty
TSt &5 (NCR) ST H Teh fiTet 3 it o S T 81 2016 3
TEhT AT 1,281,272 off1 B9 28.72°N 77.78°E W f&ra 21
TR AT Femg 213 I (699 HiT) B 36 I H WE AW
feqoT 3 JeiavTer 7, STalfeh MISETaTE 37 STieT seehl afsmt 3t
it HHTE ST &) 7=l 4 et & - B9, Todhar, e ST
T, 3T 3 eI © - B1YS, TeHh AR 3T el T&f 4 TR
feTahTE S Tk T G 2| et seiter # U oga wfeg
=t firer 2 ST we <t firer S, wTge R e § e
IS N TH (e F WA F3 7 S s FwA-
et off # Te Qe et urgy, R 5o o
TR o RIS o IedTal o TIHT0T 3 3 & 1 ot ST 77 31 fste
AT - TS - B ST Lol AT & I axT SR AR 6 TG
TTEU § =] e T §AT 21 % fawedt AR miisrameire o qrd &
3 ShTOT SO fererer Y g HTEHTS

2.2 T 3R 22T HeAw a1 fararor

HIRTTIe Tgeaid a1 ToradT (CMAQ) R B1YS WeT H HT+Ha
forem, a1ge firergan forpre wftrereor oiftew & fora @ (Aw-1)1 77
|T32 1S WA ¥ WY BT$ T ST ATt e §SaHi o U 2,
FHfTT et 2fthek hThY SaTeT TeaT B1 |ge % ure Sa off €,
GIHR FHATS S T Wi SR wrsge e fesgur & fe,
FoYofTosdTo Ja@TEE & PM2.5, PM10, SO,, NO, R CO (@it

Wg/m’ 7 T WigT (concentration) T ST $ehgT fohaT 7T 2
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PM2.5, PM10, SO,, NO,, % CO I Sg¥ehi 3l 7T (g/m’)
% fosdwor & foI deareqes 2e1 FHoTofoslo it Ju@rse @ 3
gr-dmren % S fore T

i.) ARSI ¥ Ugat: 1 | 2020 - 21 A 2020 (21 &)
ii.) TSI 1: 25 AT 2020 - 14 31 2020 (21 f&)
iii.) SATeheTST 2: 15 379 2020 - 3 75 2020 (19 &)
iv.) TATeheT 3: 4 W8 2020 - 17 W5 2020 (14 &)

v.) ARSI 4: 18 TS 2020 - 31 W 2020 (14 &)

T STET U e i sEe

ok 7 T &, ST 7o # 3 IS 1 TR AT S §
(FoTofTodllo, TR 2014)| TR AT TUTaRT Ferehieh Lok
4, Torelt S g o S-STeRATUTRT bl =l faw e wivfet
STETL HTIT 1T 21

I,= {M}X(CP ~C, o)+ 1,0

(BHI -B Lo )
Bur = Breakpoint concentration

greater or equal to given concentration.

Biro = Breakpoint concentration
e ST FHotofTodllo (CPCR) T SarTse & fora 21 sreer smaller or equal to given concentration.
ToRT T Ereft rgeRT <h AT ST fowor Herd o TurerT | erehT Ty = AQI value corresponding to
3R IR oA FEE (AQI) % T R e 21 vk Bur
SREST G % TR W, Hel-S3a Gitehford foma Strar &, s amr Lo = AQI value corresponding to
T T AT e 2] Hed TS 39-3THRAMERI(Sub Index) Bio
& Tt IR U i 9 HAT 8| O ST o A a1
ORI g AT 3R e SRTSE 36 YRR § (S 3R 3, S
2008; TSR 3 3, 2016), ATATRI-11 FHoTofodlo T I0- AQI = Max (fp) (wef; p= 1, 2, ..,y n
STTFHTOTERT AT ST AT TOTeT eIehish 3l W T [Td i o A 1 SRR F)
ATTCTeRT-1: S-S TEUeh chi AT TUTEAT Herdhich ST

: i A
a1y 0Tl JahIh AQI
Aoft
PM10 | PM 2.5 NO; SO, CcoO Ozone

33

TS 51-100 51-100 | 31-60 41-80 41-80 | 1.1-2.0 51-100
e e 101-200 | 101-250 | 61-90 81-180 | 81-380 | 2.1-10 101-16
Eua 201-300 | 251-350 | 91-120 | 181-280 | 381-800 | 10-17 169-20
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3 ST AR ==

SEYHT (S PM2.5, PM10, SO,, NO, 3R CO) 1 #T (Lg/m’
) =T BT 2 1 3T CPCB H 398152 T Fifrg-19 T veet 3R
R ATheIST AT & G foram mm fR CO =il Sreet ameht
ook fIT 24 w2 31 S Rt T, CO % AT 8 5 o TR
IV ST TS| 36k SIS HTSShIETE TfoeT hl SEHT hich ST
T HEATH {297 TohaT T1T| WReehT ferseaor ST g orert
T, dfersh 2 & 7 # fag e 3

3.1 WIS | Ul 3R SAThe=T 1-4 & SR
PM10 &1 St 3R AiReaeha fagyor

TATheTST | et 3R AiehersT 1 ¥ 4 % S PM10 it 901
3 F1 qemTene Fifershi fordwor afersht 2 o Y fom-1
e o Bl TehetsT ¥ TR, SR dihersT 1,2, 3 R4 F
SN 24 ¥ T 3TEd PM 10 TigaT shAeT: 114 pg/m’, 114 pg/nr’,

ATfeteRT-2: PM 10 T ieaeh & farsgwor

T STET U e i sEe

162 pg/m’, 138 pg/m’ 3T 143 pg/m’ o AThersST ¥ U, 37T
ARSI 1, 2, 3 S 4 % SR PM10 3T =FAH HAT SHHRT: 22
pg/m’, 36 pg/m’, 62 pg/m’, 73 pg/m’ 3R 18 pg/m’ o
ARSI U Ued, 3TN SATherad 1, 2, 3 3 4 & A PM10 Y
AR AT SREST: 211 pg/m’, 222 pg/m’, 310 pg/m’, 220
pg/m’ 3 233 pg/m’ ol SieheTsT & U, N wiehers 1, 2,
3 3 4 o S U fa=re HES: 56 pg/m’, 45 pg/m’, 63
pg/m’, 47 pg/m’ 3 78 pg/m’ ST AT 91| WS FOM (coarse
particles) H T T 0T I, ZHAUIE, TS T G (AS-HIS
SR Formfor shmt) @it et o SATaTSTE WA e B w2
ARSTA-1, 2, 3 3TN 4 o < AT 7T A, T T § S47eT
I, ST T e 11 (21 fedtad @), 16 (19 i ad @), 11 (14
foAT 5 ) 3T 9 (14 f1 7 &) off) Tera wizar 1 78 o1 PM10
o T CH |1 AR 9 FH o af et &, s R deers 1 |
FHTHT 57T oft| TATheTe 2 3 SR Tigdm 310 pg/m’ ST off,
TSRehT ST Wgeh W ST I ST Gt g5 wea off| v
7 T T 31T 31 @ Hiehi 3 aeTe ¥ & ekl 2

PM10 (ng/m®)
ARSI # I wAheT-1 TAhIH-2 w3 ST
ERaE]
22 36 62 73 18
aAfereRaT
211 222 310 220 233
aﬁ'aﬂ‘(Average)
114 114 162 138 143
e faere(SD)
56 45 63 47 78
TemT <t e (et fodt 9 /) 9|
ATt AT ST ATeR HHT E eAferen
oY TRt
100 pg/m’
(100 pg/mr) 14 21) 1121 16(19) 11(14) 9(14)
HTeh ST & JTereR aTey foT
EJRILNG)
66.67% 52.38% 84.21% 78.57% 64.29%
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3.2 ARSI A UgH 3T AThHSIST 1-4 & SR
PM2.5 T 2 iR Tifearehra fasgaor

ATHSIST ¥ Uedt S ATHSIST 1 ¥ 4 o S PM2.5 FI AT
sty 7 wifterehier fersdwor o qert arferer-3 S r-feer-2
Torams oAt R AeheTs ¥ Ued, R ATRSIS 1, 2, 3 34 HIRA
24 €2 T fEd PM2.5 WR AT 46 pg/m’, 35 pg/m’, 40
pg/m’, 41 pg/m® T 47 pg/m’® oM ARSI ¥ Ted, MW
ARSI 1, 2, 3 3T 4 % I PM10 T <AqH T HA: 14

35

pg/m’, 19 pg/m’, 18 pg/m’, 22 pg/m® 3 13 pg/m’ om
ARSI T Ueel, 3T ARSI 1, 2, 3 31T 4 & < PM2.5 T
AR T AT 98 pg/m’, 60 pug/m’, 74 pg/m’, 65 pg/m’
ST 73 pg/m’ 9T AHSIST § Ued, SR SAThersA 1, 2, 3 3R 4
o ST AT Toree sha: 21 pg/m’, 10 pg/m’, 15 pg/m’, 14
pg/m’ R 21 pg/m’ STHT TT 1| ATHSTSA 4 H, FeA 21 T i &
T 4 fe7 PM2.5 1 &I 60 pg/m’ T A A & A T, At
el Tt 1 28.57% v wres a1 & Ao T8l 3ae FR
e W ek T AT T R
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ATfererT-3: Aifteaeshia farsywor PM2.5
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PM2.5 (ng/m?)

3.3 FAThRSTST & Ug 3R ATRSTST 1-4 o SR
SO, =1 WA 3R wifeasha fagpwor

TTHETS | et 3R TATHSTS 1 & 4 A SO, i AT F Tt
i wifieehrer f=gwor it qor arferr-4 37 -3 # fomré 8

R e fera e s @i wiftewshr fasdwor wiehers @ vt 3
TTHSTS % THT SO, T 24 H A AET F i At fom & weft

3 hHIT & HehelT B

36

&1 § SO, 3 AT Wk T T FA T2 e dew A Refat

aiehere & g diwers-1 rehered-2 dreherea-3 dihers-4
L 14 19 18 22 13
e 98 60 74 65 73
shea 46 35 40 41 47
e free(SD) 21 10 15 14 21
fet <t e (et foolt & &) <7 ATt
T R S S A g0 121) 2(19) 1(14) 4(14)
(100 pg/m?)
AT HTedt & 1Rk arer fat s
wfer 19.05% 4.76% 10.53% 6.67% 28.57%
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arferent-4: SO, =t Titeaeha farsywor

T STET U e i sEe

37

SO: (ng/m?)
cliehere # ol qrererA- 1 AThSIA-2 AheA-3 dArhesi-4
I 1 6 4 3 2
sAferpa 16 11 13 1 7
sfted 5 9 8 5 5
we fereem(SD) 3 1 2 2 1
Tt it e (5 o 7 @) 5«
AT TR fen s e s 0(21) 0(21) 0(19) 0(14) 0(14)
g (100 pg/m?)
T Tt & e aret fe
i — 0.00% 0.00% 0.00% 0.00% 0.00%
Janta Curfew
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' | R 11 5 11 1
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s S
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U ’ : 11 : : :
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3.4 ATehSTSA ¥ UgA AR ATHSTST 1-4 o SR oS 78 21 =t fram o 7 AR iR T S
NO, T yafy o wifeadhrr fygpwor Y IE TR ARSI o T NO, 3l 24 HE i 7T &1 38

© foama &) avft fet o gkt 7T 80pg/m3 3 W TR 8 &
TATheTe & Yeet 3T SATehersT | & 4 % S NO, i amT &
vaft ST wifterehia farsgwor it qorm arfersr-s it for4 7

arferet-5: NO, &t aich fasggaor
NO; (ug/m’)

AheTeT # 75 wiehrers- 1 wiehere-2 wiehere-3 wirerere-4

T 35 42 42 45 48

S 72 69 67 63 69

ot 54 57 54 53 55

Tk famer(SD) 11 8 8 5 6

Tt ot de (gt fot & &) e wreht
Tt T A W § SAftes B e
(100 pg/m®) 0(21) 0(21) 0(19) 0(14) 0(14)
Tk duredt § e ot fe

S, 0.00% 0.00% 0.00% 0.00% 0.00%

Janta Curfew

140 T 5
S :

Iy .

120 T .
Before Lockdown 2 Lockdown | Lockdown Il Lockdown Il Lockdown IV :
N .

1004 | ST ] 't
T : .
I—I—I—Irlrlrl—I—I—I—I—I—I—I—Irlrlrlrlrlr?—+—.rlrirlrl—I—I—I—I—I—I—I—Irlrlrlrlrl—I—Irlrlrlr‘lrlrl—l—l—l—l—I—I—I—Irlrlrl—I—I—I—Irlrirlrlrlrl—I—I—I—I—I—I—Irlrl—l—i—I—I—Irlrlrlrlrlrl—l'l'l

] M

60 - \ . o l: - '}\.\.,f.}\j\"\ /V.\__ -y . /
! / vv / \W\_ {-\/././. ‘ s \. J}\.\'r" f/\/ - . \/?1/ \.\ f

[==]
o
1

Concentration (ug/m3)

. X [ ]
40 ll\.f -
S
20 - Y.
T
04 T
S | —=— Measured Value | -
Sy : : :
20 S | —=— Standard : :
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© © © © O O © © ©0 O O © O O © © O O © O O O O © © © © © © o o
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3.5 iTeheTeT ¥ TEA 3R ARSI 1-4 o SR
CO T Wa T 3R Aiteaehrar faryuor

ARSI § Taet 3T ARSI 1 § 4 % SR CO I AT o Jafd
R wifterehr farsdwor it qemT aifereh1-6(a), 6(b) 31 6(c) 3T
T@rfem-s  fowrs T }) uge 8 © % WA €T (00.00
08.00 =) & fotw, CO i 3fiaa e iR uHeh e shueT:
ARSI ¥ e, e 1, 2, 3 3T 4 & 1T 1095 +509
pg/m’, 1949 + 514 pg/m’, 1953 + 544 pg/m’, 2052 + 911
pg/m’ 3T 1204 + 764 pg/m’ 91 3T 8 T AT 08.00 T 16.00
S o GHT A o foTT, CO T STEd AT SHHST: AheTsT o
e, ARSI 1, 2, 3 31T 4 % foTT 1190 + 643 pg/m’, 1688 +
517 pg/m’, 1812 + 947 pg/m’, 1160 + 640 pg/m’ R 1212 +
659 pg/m’ off| 3Ra 8 =t AT 16.00 T 24.00 5 F THT
e & fAw, CO it 3figa amm Fuen: didheeT ¥ Ugd,
AREIS 1, 2, 3 3T 4 % T 1396 + 731 pg/m’, 1807 + 787
pg/m’, 1973 + 598 pg/m’, 1645 + 538 pg/m’ 3T 1019 + 424
pg/m’ &l 00.00 T 08.00 T % 8 T THT H CO T 7 T FH
AT AThSIST & U, AheTeA 1, 2, 3 3 4 % foaw shaer: 550
pg/m’, 1140 pg/m®, 1080 pg/m?>, 740 pg/m’* 3 160 pg/m’ ol
ITTA 8 ¥l AT 08.00 T 16.00 Tt & THI H CO T 7 T HH
AT AThSTST & U, AheTeA 1, 2, 3 3 4 % foaw shaar: 550
pg/m’, 1020 pg/m’, 150 pg/m’, 370 pg/m’ 3610 pg/m* o
STTEY 8 ¥t A 16.00 | 24.00 Tt o THA H CO hl 7 & FH
T ARSIST 8 Ued, Aihere 1, 2, 3 3R 4 3 fore seu: 430
pg/m’, 820 pg/m’, 1060 pg/m’, 770 pg/m’ 3R 430 pg/m’ <
00.00 & 08.00 < % 8 T2 3 THI H CO hl SATET T SATET AT
ARSI ¥ Ued, wihere 1, 2, 3 3R 4 & foag smsm: 2370
pg/m’, 3260 pg/m’, 2790 pg/m’, 3420 pg/m’ I 2460 pg/m*

T STET U e i sEe

oft| 37T 8 ¥t AT 08.00 & 16.00 =¥ & THA H CO FY SATRT &
SIATET HEAT 2800 pg/m’, 3100 pg/m’, 3790 pg/m’, 2030 pg/m’
3R 2470 pg/m’ ol ATHSST A Tedt, ATHSST 1, 2, 3 AN 4%
ToTT 3 AT SR pg/m’ W offt et 8 St AT 16:00 T 24:00
oS % GHT % SR CO 3 ARk AT dishered § Igd,
AREIS 1, 2, 3 31 4 o fAT AT 2900 pg/m’, 4400 pg/m’,
2950 pg/m’, 2420 pg/m’ R 1840 pg/m’ |

UEe 8 EEt T s AT 00:00 F 08:00 S F sft=, CO h AT
ARSI H T, Tee AThSISA, THL ATheISH, dHl wATehsTsd
ST Y ARSI o S ShATT: Ueh, 26, IR, IR 311 3 fei aeh
T &qT B SATET T 30T 8 T2l 3 Siered JHT 08:00 & 16:00
a1 3 #fE, CO T AT TAHeIS & Teet, Tee Aihsied, Ta
TSRS, TTEY TAThersT ST =Y ATHSIST o G SHAST: &,
gir, o, Tk S a1 1 qeh W TR & sameT @ fUset § wat
% ST AT 16:00 & 24:00 I o s, CO Y WTHAT ARSI
H U, TEet ATRSISH, TH TAfhere, dra dishersd S =ty
TATHSTSA oh AT SHATT: Wi, Wi, IR, T 3 [ fHT qoh Ak
T E SATET & A Tt 00:00 & 8:00 &1 o SFRTA o S
CO T TR HF & SATET 8 sl & 4.76% (ATHSIST & Uged) &
47.62% (ATHSTSA-1) o s & 08:00 & 16:00 < o e
% I T8 X 9.5% (SAThSIST ¥ Ued 3R Y dAfehes) 4
23.81% (T8 AieheTa) o sier Wil oTRer &, et 8 wiat It
16:00 & 24:00 =T o S I8 & 23.81% (ARSI & Ueah) §
TR 0% (S ATRSIST) BT TS| TRl I8 ST st 2 To Tsgor
T T =T T3 AThe1sT 4 % G Tt off i CO ot &R Ak
€T & SR TR T, il Wik W S = g8 qmt
ST 2T SITSRAT =IAa &1 7S off 3R CO T I8t Wi &7 2 T
oT, ST foh Tfetet-6(c) | |1 T et 2

ATTART-6 (37): 00:00 T 08:00 TH o THI-FATA o fo1 CO T AikeThT fargywor

CO (ug/m?) wma-siama 00:00 to 08:00 *
RIESE K] ke 1 dihers-2 ihers-3 diehersi-4
S 550 1140 1080 740 160
: 2370 3260 2790 3420 2460
st 1095 1949 1953 2052 1204
7 frerem(SD) 509 514 544 911 765
Tt ot e (et Tt & &) et wreft et
Tf¥r s i @ il & i
(100 pg/m?) 1(21) 10(21) 4(19) 4(14) 3(14)
TTeh AT A T8k et o1 ol Jiaerd
4.76% 47.62% 19.05% 19.05% 14.29%
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arfersrt-6 (3): 08:00 & 16:00 ==t &% Tug-siate & forr CO v wifteasdhira fasggwor

T STET U e i sEe

CO (ug/m?) wma-simmer 08:00 to 16:00 %

SteheTe & qd rrers-1 wrerered-2 wRere-3 rrerea-4
o 550 1020 150 370 610
sHferpan 2800 3100 3790 2030 2470
- 1190 1688 1812 1160 1212
) 643 517 947 640 659
Tt < e (et foelt o &) et At mft
3T Hes i & 3rfrek @
3
(100 pg/m?) 2(21) 521) 3(19) 1(14) 2(14)
Tk TS | AR 9Tt &1 o1 Jrowrd
9.52% 23.81% 14.29% 4.76% 9.52%
arfererT-6 (F): 16:00 & 24:00 55 % guz-2iaue & fordr CO =t wifteadh fasgwor
CO (ug/m?) sma-simer 16:00 to 24:00 % fx
wehere o & wrerA-1 -2 -3 wrrereT-4
B 430 820 1060 770 430
e 2900 4400 2950 2420 1840
i 1396 1807 1973 1645 1019
v fraeri(SD) 731 787 598 538 424
Tt it S (F fot 7 &) & weft ot
3T Ao i § 3rfres @ i
100 pug/m’
(100 pg/m) 5(21) 5(21) 4(19) 1(14) 0(14)
Tk TS | AR 9Tt &1 o1 Jfowrd
23.81% 23.81% 19.05% 4.76% 0.00
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PM2.5/PM10 3iTUTd T ITH

fem1-6 1 famamg T PM2.5/PM 10 3197 3 T & WalT <ot @ 3 28
AT % G TE A A B T AR ATFSSA 3 S SATETa §HT
0.6 & = T 9 TaT =T ] foR SAThers o G oIk il (fine
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particles) 3t AT & g%, Feht 7o ot Torar & e fire et 2
11 7 % a1e 3 31T & 9 frrere 318 3fit 21 7 %1 g o 0.3
T 95 T PM2.5 3 PM 10 3 Tuma 3R S o Te 1 & 7%
a1 2 o AT St 3 SeastT & Y 1)
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1 1 '
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3.7 BTYS | ARSI T TR

HihersT | Ted 3R drkersT 1,2,3,4 # safy & forg didiefsh
FRIfSH o HTER A ToTeT eAehish ohi TOMT ATferahr-7 3 -7
¥ foas 18 21 aferhT-7 4 THRISE W i § R Athers § veed
& aft 21 i # 9 14 o v 100-200 = wrer weam wgfva
Foft § &, Fdresrs Aoft ey 5 et & wergeng 50-100 i wim &
o 3T A 5 3R 6 o & 2 T § wwgenE 0-50 & wnr ar=s
ot oftl ArekereT ¥ veat & 21 feAt # PM10 66.67%, NO»
19.04% i =t 14.28% ww=r o e grelt @ AQI sty #
o 31eq et PM 10, 100-250 3 s ot ofit 58 siwd o<t
T YEI¥ g AT | ATehers § el & wft 21 feAi w &, 7 fow
-3 AQI &t 9, =+t 67-89 i ware & 3w 14 & AQI
I 1 e, 100 & 181 &t whar 7 off| Sfewerea-1 & 21 fet
#, PM10, 80.95% 3t CO, 19.05% @ % =&l @l
direred-1 & faw, PM 10 we@ s1eq e om wed are dadie
PM10 % faw AQI 100 - 250 = sfi=r o 3fit 38 3ftea &t i
eI AT AT 7| Fiwersd-2 % A, F 19 i § 9 3 v um
& ferr AQI, 61 & 89 <t wimr # warweies o1 3K 14 e W &
s AQI, 116-183 i wite & meem o st 2 f 0@ 9 5 AQL,

T STET U e i sEe

233-259 & €mr § e om wirkereA-2 % fag, PM10 s
rfiet om wE et PM10 & fow AQI, 61 - 260 & sf=
1 3iR @ @ Aot § ar mn dwee-3 g 14 A E w3
&7 @ O e AQI, 73-92 st gir & widiasies o 3R 11 &
@ o o6 s AQI, 104-180 i wiar & qeam o wishersd & S
o 14 fft 53 4 fm @ & i 3 7 sm=er AQL 24 @44 6
Hmr & o 3fR 2 i wdrwse AQI, 86 & 99 & dimr § o ik
9 fe werm AQI, 141-183 & @fimr & o drerered-4 & 14 i
%, PM10, 78.57%, PM2.5, 7.14% =it CO 14.29% &
% | T @I ArwseA-4 % fag PM10 s fwfie @1
e PM10 & fag AQI 86-188 & sfiwr o 3fiv 3 gam ir
we Wit Aroft % forg fmier sewen mn em AQL 0-50 % @
F1 210t =h AT U SAfRers § Teet 2 fodi % forg 3fit sAteheted
1,2,3 siwd iz 0, 0, 0 3 3 fet ¥ fore seft & wirreren
gugd 5 fAt aw AQI, 51-100 o @rer HaTyseh heml T T
FaTterdl W iR dipers 1, 2, 3 st 4 dag shmwr: 7, 3, 3 3
2 et ao W ETifeh, dishersT W Ued SR wihered-1 % S
s AQI (100) %1 wamar 81 61.90% it eiishers 2 %
I 84.21% % s @ | i & i arferen-7 # diwered &
STET-31eRT Tt & A AQI # seatrar o wafr oAt sramm i 2

ATCTERT 7: ATHSTIA | TS 31X ATHSTI o STT-STET TN o SN FaT 3R JTeht Hevit 1 frreraor

TITSRESTST AT 8ok I TSRUT o 2R AQI T Shev Tl
ARSI & & ATHITIA-1 ATHIIA-2 ATHIIEA-3 ATHITA-4
ATH 77 82 114 104 87
(satisfactory) (Satisfactory) (Mod. Poor) (Mod. Poor) (satisfactory)
srfereRaw 225 181 260 180 188
(Poor) (Mod. Poor) (Poor) (Mod. Poor) (Mod. Poor)
123 118 154 135 150
sitaa
(Mod. Poor) (Mod Poor) (Mod. Poor) (Mod. Poor) (Mod. Poor)
SD 39 (Good) 24 (Good) 42 (Good) 25 (Good) 18 (Good)
ot oy o (et ot & @) st
ATt et Thvr wres e O erfiren
af N 7(21) 9(21) 6(19) 4(14) 5(14)
KR
(100 pg/m)
e e T 33 43 31 28 36
T Tt
FqdH
e 13(21) 13(21) 16(19) 11(14) 9(14)
. FETRAQ & Fo 61.90 61.90 84.21 78.57 64.29
S . . . . .
T W PM,, PM,, PM,, PM,, PM,,
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. L e : .
‘ —=— Measured Value —— Good Satisfactory —=— Moderate Poor ‘
I I I I LI I I I LI I I I I I I I LI | I I I I I I. I T T 17
© © © © © © © © O © ©0 O O © © O ©0 O O O O O O © © O © © o o o
8 8§ 8 8 § 8§ &8 &8 8 &8 8§ 8 8 &8 8 8 8 8 88 8 88880888 8§ Q
$ 65566555 F§FTEEETETEEETETEERSSISISTITRER
§ 5 5 5 5 5 5§ 558 $3 888858 &%=z=5::2:::¢:¢:-°:
2 2 2 2 2222222 n0o0oaboc YKo OO0 N®O oo ¥ K2
- < ~ (=] ™ © =] N n «© - - - - N N N (]
- - = Y N N N ®™
Time (Days)
Y- 7: 24 H0 Y HGq AT U Gehih
4.0 THeepy & < et Tt # & EE: 19.05%, 4.76%, 10.53%, 6.67% 3T

SR ATHSTS o SN, 1S it 3TeT AT TUTeIT Hershich hl Gt
1774 oft 3 7 1 sTearr o e fehd 7% § foh wieheTe & Teet
T 7ty 1 o ¥, AlhSTs % vt =il % N ATy AT e
G 37T He' Joft § W wiehers 1, 2, 3 3fiv 4 i st iy
qaT H, W eheTeT Tt 3 S arg Y T T & )
Tt ArhersT STaf §, PM10 %7 Tt tfires o1 SiR aryg e
i o 7T 7 & TT (dominant parameter) T&T| AEHSTST &
g SR ARSI 1, 2, 3, 4 % 1T 24 =i &1 3figa PM 10 it ames
forera (SD) st 114 + 55 pg/m’, 114 + 45 pg/m’, 162 + 63
pg/m’, 138 + 47 pg/m’ 3 143 + 78 pg/m’ ST T AhersT
T g AN e 1, 2, 3, 4 % fog 24 =2 @t 3fitwa PM2.5 it
e e wE: 46 + 21 ug/m’, 35 + 10 pg/m’, 40 £ 15
pg/m’, 41 £ 14 pg/m’ 346 + 21 pg/m’ iewT T AHSST &
g 3R SATeheTeA 1, 2, 3, 4 & fow 24 = 1 3ia SO, 3R ek
forerem shA”: 5 £ 3 pg/m’®, 9 £ 1 pg/m’, 8 £ 2 pg/m’, 5 £ 2
pg/m’ 35 + 1 pg/m’ 3771 TN 24 T B NO, Hi-siishersd it
drwere 1, 2, 3, 4 % forg 3fiad 7R Ae fomer &1 ST s
54+ 11pg/m’, 57 + 8 pg/m’®, 54 = 8 pg/m’, 53 £ 5 pg/m’ 3R
55 % 6 pg/m’ TR AT oMl T ARSI 1, 2, 3 37K 4 % R Fdt
&1 & & AT 66.67%, 52.38%, 84.21%, 78.57% 3 64.29%
ot & wrres 1 & et T (R Sitehere 1 34 § PM10 F &R &
et 3 1) PM2.5 1 Tl Si-cihers iR effehers 1, 2, 3 3fit4

43

28.57% Tt & ATk A & AT T (ArhereA 1, 2 3 3 7 PM2.5
3 TR AT € 75)| NO2 i 7 e T & & Hgohi T e b
H HisEt 3R s et nfafafrit & o St T Fo e,
00:00 & 8:00 s % "W # CO o &R 4.76% (Hi-cAthers) d
47.62% (ATeherad-1) % o= sameT &T; 08:00 ¥ 16:00 st & &5 &
TE 9.5% (fdihesT R =en dikesT) § 23.81% (=
ATREa) o sffr @ et #, el 8 =i At 16:00 & 24:00 51
% IRH, wAET TR 23.81% (fi-drere) ¥ T 0% (den
AREIST) B TR TeT I8 SaT st 2 5 wnfarfie @ ar = 6
ATHSISH-4 % G CO = Tl it off ek 01 & F9T 721 7=, s
ST W AR -G FHe SIAM T 1 Tgd FH B T o SR
CO =1 Segsi +ft 512 TR o7, ST o6 A1fershT-6(3) & 9T aaT <rerelm 2
3G S CO o ScasiT § Tadl SATeT HHt 3T TS| AheIST o Tel-
AT = AN ARSI W Ug o G & AiRegeh fasduor 3fiv
e TEf & 9T =t © T SO, 3R NO, F1 |i50 719 7H
e T PM 10 =T AWTEH 18 S3TeT T&T 3R 98 SA1eaT 71 O &
IR @, ’E™ 5, 6, 7, 8, 14, 15, 16 94, 25, 26, 27, 28, 29,
30, 319, 1-5, 19, 27, 28, 29 318, 3, 10, 11, 12, 28, 29, 30
T3 Y qTEl o AieherS o @il =l o G PM2.5 o1 €igor e
HHF W U A T AR ATHSIST o G ag H CO 1 ST 7gd 3aR-
<IGTe ST Tl 368 UaT =etdT 2 T3 7 Tsdia wies € 3 it 3=
I FHET BIE T H ot T Tl 2l fowedt 4 Aedifered e &
RIS TSR TSI &1 6 FTETH 1Y 9guvT Yaifef o /et H g9 STeard
& TS I B
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Tg off 3@ T foR Siehere %GR SR BT of ST areft afteeT
Tiafaterat i 3o off o wft-eft 13, 14 i =i - Trae St
ST, feTeHT SRIcht 3 Hich U - T sht WY STEITSITET ok IO ATATATT
+ft 9 T o ATHSTSA- 1 F 91, S HASTGL ST E o iaed
T AE TR & ST LTS H eI ST T ST T H AT &6 @ Al
e feeet-as-Tg T & Sit ardd ot Sirsdt 2, 3afene arge-faeef I w
2R ShT STTATSITEY et off| 36 Tme |t ol U sfied St Tehit AT
A it S oft; B 1 AT TR 2, 36T g 1 TR & A
Teraror fofg o6 of ST o TIq % 2o 7R Soet wgehl W 91 A 3 HROT &
T € foehl aofe & 2gg H ot wauur & g et T ot ST &
TaT = @ 6 g 8 At s 3R 3@ T § T A
TS 37T AT TOTErT Yerhich ¥ SR T FHte Tk IR T
FH A T TSITERT O ST o ol SR 2 BH ITIT foF Stesta- 1 i,
S STl # Wt TGO A FAT S SATET WGMA | "SHAR W, T IE
FAT AT 5 STET H HTShT AT T TS STH H, TG0 sh FT bl
FH T o6 e e i sl SR 81 ST At o e 1 sed e
% foru, Frft ameHt & st ardifeh UiereH i sreraT o 3T forT wrex
ST FATEHT o SEIHT ohl SQTaT & o AT, HA H HH Toh {7 A
TEAT X e, e ot ot ok U, 3T wr-faremr S st ok forme fomam
ST G & T € ESH T TR TS AT T Y S S 3 ot
TR ST w3

Hrew forg farmT (IMD — India Meteorological Department) FIa
% YR W FFT A F <A A= (Temperature, °C), 91

wasf or Hj"\‘ (Bibliography/References)

T STET U e i sEe

(Rainfall, mm), e TS (Relative Humidity, %) T 94 Tt
(Wind Speed, ms)uﬁwda;%ﬁmmguagﬁﬁmﬁwaw
| T T )| I AT argHSe . AReRAT SeTR YW o
AT W HEE BT §, Stk a9t 'Wet Deposition' (3Tl'sic ﬁf%}r‘?I'UT) *
wTE & FHiOTehT v o arree & frerTid st 21 ot Hem weet
FR (TGN AT, F, T ) AT o # S GOR ¥ He-
T TE| TAThETST shl UehHT ShIUT HIAHT STk gfY & Sq1y 2|
T HefdT FHIh 1 T eI | M R ST Heha o7 ARt
e | AT WGV B e ity qen sfenfie nfafater w5
WY& TS T SATaT FeeaqUt off I8 Ffea w9 & 7o i 31 s
T HETIeh BT TehaT B TSTeh! T 31T o STE § UT3sh FRT o ST kel

H|
5.0 ATHAR

T Rl Ol U 7 I 3 Age F ®7 § AeER MEeH ¥ fay
FoWofToaTo & agd TSR &l oWofoaio I Usfler Trerrit &
TR ETYS H AT FGOT il Figlet L oh T M i 2016-18 HER
HoTofTodlo I JoToTofToallo o e wedm & 36 CAAQM
T T AISHT 5T TS 3R 3 2T H S TN T S SeTgE ok
TR % ot PRSI & wRife S St T JerTgel ok R § B
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v ifer i, forera, et qorm tfaeft 7or § e e et 8, freeh sRor $en S fafie sfenfies &t & s w9 & for S 21 g6
affiR, geRT ST STA-faahet (Hydrophobic) T TRia-gfaieft aet & fmtor & oft fomam siar 21 fafi= A-v-omfiat & i eifge (Zn0) A
T 3.3 eV 3 forqat & 7 3 o forgiy weca T € ST 3 &t 7 ST fop St 8 e €, S snifera iff wdel U Sethy i 1Y, Tt
T TR TEerdT Y SIgTdt B IA 216 |, Sefer (Dahlia) Uil o 31k 1 GerrdT & @3f¥a ZnO 3on =1 1.15 firdt sredt oo areft i
IR (Glass Capillary) TiART I Hiqeh g R AN fHT T 36 RITET FT LT TeAE bl ToA-fershefl ST qem HiR1ehI 56T (Capillarity) T
TE T T ST FAT AT ZnO TAIHT T F HTehRT TR T T 1 HeA TR A o Feag ofi i sait—<h-stmivmsse st (DW), AeHter
AT Tl STANT S G JeTeHe STErer Fohalm 7ol T3 ZnO FTepo oh fers{mor G e $7hite (FTIR ) SergieanTdt g Trmafieh Here
TE YA o ST o, T e (XRD) 1T 3! fopeectar i o6 ST 3, UV-Vis-NIR Fagreanidt 5 ehrefier o wd o v 3 fafoor o o
THAT T WIS (SEM) ST Ede) §eT U STehd-ferm o fersiywor 2 fofam wmam s afiorrs qwia € fo Sa-wis3fi Zno Ao hiferm e
& gEH-AfershTat # e s AR (Wettability) 1 i e qom ST saaem st STehfera st bt Heearqut e Tt )

TR 15T - ZnO TR, Seforan afvra, agfaferdt, Frehnr fr , Sa-foedf aqe, Sa-wsgwm
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ABSTRACT

Research focused on nanoparticle coatings for tailoring surface chemistry has gained significant attention in recent
years. Nanoparticle coatings offer enhanced mechanical, electrical, and optical properties as well as fire
protection, and are widely used in various industrial sectors. These are also used to create hydrophobic scratch-
proof surfaces. ZnO nanoparticles have extensive applications in diverse fields owing to their wide bandgap of
approximately 3.3 eV. Nanoparticle coatings increase the lifetime and mechanical stability of the coated substrates
and interfaces. In this study, we have coated ZnO nanoparticles on the inner surface of glass capillary tubes with
an outer diameter of 1.15 mm and have introduced hydrophobicity to enhance capillarity. A segregated study was
conducted to determine the effects of ZnO NPs coating on capillarity using three different liquids: deionized water
(DW), methanol, and ethanol. ZnO NPs were prepared using Dahlia leaves. We performed characterizations using
FTIR for chemical composition and purity, XRD to study the crystalline nature of ZnO NPs, UV-vis-NIR

spectroscopy to characterize their optical and bandgap properties, and SEM for surface morphology analysis.

Keyword: ZnO nanoparticles, Dahlia leaves, Wettability, Capillarity, Hydrophobic Surface
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1.0 uf= = (Introduction)

155t SrTsdt # Hihr 5T (Capillary Action) %1 Eicibn)
FTgereR feraaret an Tt g foram o o, & sme &
FrenTett s, oftme 4w, fiefiforat o sreae e 3
e w7 & wE R s ged S 3 dnarars
G (Young-Laplace Equation) sl HTHTcHeR Forsgor
TEA R [1]1 204 wraTedt ae iRt STgEe™ HRE
Ffcreprett o 13"6‘15? EQNEIRRECIH] (Spontaneous Capillary
Flow) % foTq Saeerl «fifaes it st w9t Hfed o [2])
21t sraTsdt # SRR (Nanotechnology) T qgc—q'q\uf
AR SFEE & o &7 7 3w 2, e 7= v 100
nmﬁ@%ﬁﬁﬂﬁﬂh@ﬁqﬂw@sﬂﬁ?{ﬁ, S4-
Trenfrehl, fafercar qem o= 3e &1 8 shifaerr e e
2 [3-5]1 o (Nanoparticles) % 3Afgedtr T, Eilczca
T B AT T I=ef TTe-&11-H-STTIA AT 3 T
Ex TR R CCRIIGE] (Fluid Dynamics), Gdgt FRITcHRAT
(Surface Functionalities), STIf3TE STeT SU=IR 2T ﬁ"lT%l’ﬁ‘H'T
TSIl S TSR & HeeaqUl STl ! e a1 @ [6,7]1 -
amfiE (Nanomaterials) T 3 T4, E@?ﬁ?ﬁ'ﬁ LEIRERIER)
%QWWW@%WWWW(DeVice
Manufacturing) E e ﬂ%ﬁ‘[ﬁ formrmar TR 1 ada=
FFE fory &9 @ S A1 (ZnO) AT & T
o Shigd B, T2 himeht ferentedt it shifdm &y s Sht
FRIEHAT FGTE ST Fohell &1 ZnO HIHT Tfeaofiy o
(Environmental Remediation), Sg-faferata &gﬂﬁﬁ,
AT T ol WSRO G &1 | Swnft 2, e fafiey
SHYENTTeR &5 H FaT= Bt Sgra firear 2 [8,9]1 AHTsRuit o6 T[T
TE TSN 3T+ &A1 § ST {911l &, S S fore ST
(Foam  Structures), —H&ITcHR Ealr [10], -
aHeh e fEew  (NEMS), deai-sheed  Amgshl-
FAFZ Ik Hehel feH (RF-MEMS), LCD, Teteh Afetehld Uef
THT [11], BIRIEICITEH SYHLT, Yo T3, ST e Se
T [12], ST ST T T Jrarahaor fefoart o STamiiTeh
arft [13], O SURT S e Lehe, Bt Raeh, fshare ST
T 3fhTet = S &g ardre afdat [14]| STtesh Sa- e
(Superhydrophobic) TR, ST et Tef STet o JaTelt e <fisr
QeyFRTOT § T Bt & iR refemforen wenfes g ot €,
AT T H e STHU 1 T fore o 7S 2 aRAieh
Fr-oTrTt STy gl sTcatie wiiawofie aitRefe o
St wEgwar @ It € fEE da-sie queRr i
TSIt ST Biell & 3 3ok ST 6T SR Eifha &
ST 21 SRR 6 et foredm 3 arer wsl oot e e
STEnfiTes ST STet SH THed st S @ &) wWoRnTd da-
STCT QeIeFhL0T Tohe{1oh ST hH G&TaT Sttt Bt & 371 faefiash
GTerofa SEOT i RO S Fehell € [15-17]1 SHIAT e
ST T - SIEA ST JUFRT qehAThl T
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foreprer arcat ey & et 3 fore e s stEeT forer
T TR [18,19]1 AT TeA-STe qeraeRavt fferat, S Teeafiar
YR (Gravity Separation), TErfs  SiTerdeRt
(Chemical Oxidation) TAT S-SR (Bioremediation), "
feerarr, & erar qu fidteren sgwor Sheft wmreTett & 1 8
Fore® el FaTerET it STTeTgeRar W Bt € [20,21]) 36
Aferfeh, STt Heohe Ud Tatarotty sgor St fies ot
TG o WY W= Sl sht 7T Wt e o1g W & [22,23]1 @R
aredfeRtor JonferEt (Solar Evaporators), ST ST eI, Sl
HTETOT I TTe0T- 3T Tor et o forg Seft <imeft &, St
Te STt Heelt TEETST 3 GAT % &9 H SUTH 4T IS &
[24,25]1 HI 3T STTETI $2Th 1Tt aedTetoT Somforat asr
ERACLCRIE) (Desalination) T YT ST ITER 3 foTw
e WA €, foheg TR The W (Monolithic
Smcture)waﬁaﬁﬁwmmwwliw
ST AT B Ad: o geTaT U R BIdeniet Yeuia reft
TEER HIX aTsfsRtor Sonfert - forehre sTmevae ® [26]1
o Ud oTfYe e % wwy wed dd qdn
HTZShITATIE e ST STl THTERT TR TS aTet TehRedeh T oft
Y ®Y W HHT AT E gl W Rews wd sgeeaia
AN TETeT o1 forehmer ITcia TTeryaeh 7, STt farfir=y yerme as
ST T TT T W T T e €| i w39
gt 3 dichesfemsaficsT (PDMS) dur Reafer
SA-HRMMAT TiOp YN T ST A gY fea-ahifem
THAEH SR TF g GIETESIblee -3
ST eee ST (PSTS) foren e foram| 21 TSt STehmT T 3ot
& Sufkerfa & ST ST aTel Fed det 1 9Tl &9 F g
 TI-TTY AA-STT SHERM TR, ST ST el
SEYeh! o1 B T ATSshIwelT e fshrer o +ff svefa el
T T [27]1

et B wo weAfiEl 4 ok wee sie-seia foest
Tohiieh ST SEehATcHsh S a-ATaTG faieet! (CBM)
Torrfra &, fSTEm 163° =1 STeT Gueh 0T (Water Contact
Angle) STH g3TT| 39 f3reett # @-H%T (Self-Cleaning), a1
STt YRR, S-37aed Siile (Anti-Biofouling) @Il
YehIIT-3cIeh AT (Photocatalytic Degradation) &t
3epy feyard ar€ M| CuO FRegEER i ot Rt
TR T o TS & 96% TR 3&7dT, 141 Lm 2h ™!
R T AT ST I ST 26T 7T STH g5 [28]1 36 T,
feren Rt Sttt foreedt § 167.2 4 2° o 3= o) S 9o
IO o H1ST IeFE YETEG HITorh T E-0TS 01 St fog
[29]) 38 HAfcifie, st o ue Rraren vt = = wh-
I Tt Teu-Hife faferi & HASH SR GRETESIBITF,
RT3 Ud -80S Ul arett NBSS @t foshia ol
TEH AT AdE T UTH TR ST =Tetsh et SHTY
T qAT MnOo/Reaft et fismm S/ goReTsgrmifataet
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3 i TS| o weg o STt T el Yqvehi o gfd
3T T-HHTE Ve Faf¥id foram [30]1

AT T ZRT HATfeTd 5d FATE (Capillary-Driven Liquid
Flow) 3% STehfcier Somferit § e aftaed o 21 7% qeaft
T et S tfrean g ot ferifia st § [31] 9o AMa
nftass d b vare & e & off Ieem 2 @ [32]) 39
AT, AT T & et RN Fo1 T Siet @i 5
At Sqwehl % TER St Shoretl § «ff SRk yare
o fHRT 7T 8 [33]) Gaw T 1 yofor 3 Rk
JTET Al TIT TS HISSHI/AT STk eRel  JuTTfetar
(MEMS T NEMS) % 3~7d f&siTe & fotu e1cda e1mawae ©
[34]1 1T ATAHTE (Capillary Tubes) R ST #

Water

T
L: [}
Tis Isc

Superhydrophobic
150° < CA < 180°

Hydrophobic
65° <CA <150°

CAmg5®

sraer frem wg e

Fa o G e o foTe weceyul it 81 $ehT ST Sftaert
T Ardger St # Wsie yare e, HRw
a%\I’HEEUT e (Capillary Electrophoresis), SHIESITET,
fafear fem & W T WET T EES AT,
TTSPhITIS S SUSHIUT, Sahoie et oI SRITTRITaT Suehtvtt &
foraT STTaT 8 [35]1 SHf3TeRRI ST (Capillary Rise) T @07
Z9 o R T I8 T ZIT 30— S T TR A Tt o7 oh
| § WTH foraT STaT 81 et 2 sz o1 &wen hior (0) A
SHRTTERT I8 TTET o6 T Ser gRT i 2 2, s
aftoTReEy -5 T (Triple Line) QU{T;-&'W}THE?TW
31 ek 3107 3k AT W) el |t <t affertor fapar star

2, S fom et 1 i qwitar T )
Hydrophilic Superhydrophilic
1P < CA < 65° 0°<CA<10°

ot 1: Torelt frfore giaete o1 #hiveae W () T SeThiRTaet TUhd oX o § TMTTord 2IaT 2, Sit firerert fuet amed o Sl =2
BTG ST &) hireere UTTe o ST I AR STeT-3TelT aiE % 2l 8, S foh St few g forer  fegman mr 2

1.2. 11'8‘11;&[ (Background)

FIESIHITae! (Hydrophobicity) a8 Wi & foaw st
(Non-polar) g AT a@wﬁqwﬁaﬁaﬁ%mﬁﬁﬁégﬁﬂ
ST ST o ETeh § T 1 T L & T ATER T 3R
BTSSIHTSHT o Sftel TTqewyuT o ShTLOT &Y, afcdh Siel 103! T
TESIHIGH-HGY THET oh I % HIOT I~ BT & [36]1
"ETEEIRITHE" F16g 37 STUEAT % 07 hY AT & S It o6
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| § S 8| U 03T 1 gTSS I (Hydrophobes) 8T
ST 81 7€ Y18 ek AT sh Wsel Hydro (1), Philicity (T6E)
T Phobicity (TT96<) & Tt a1 81 A9fes wqemr
THTIA: I TR AT ST & FoF S Tae ael FTegIhiferes
(Hydrophobic) gl T I9 3HH R S Wush I
(Static Water Contact Angle, 0) 90° 9T S&& 31feres (0 =
90°) &1 T ETSgIhiceTeh (Hydrophilic) T8 FEdTdl & a0
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0 < 90° B TR, 3@ oI H T AFF I FH
sy & foh et 2° % aREdd (89° & 91°) W H1S Tdg
TIgSITh et O ETESIlfereh 8 & St € [37]1 ZnO (i
TS hl HqE ST o AT AT STUIH (Interfacial)
wdifqer wd TaEte Sid:RaTeTl & YR W g hIn
7T TSI eteh ST TehI o1 saaer Yefia o Tehcl B
ZnO T ITINT ETEGIHIoTeh Tt o fator & foam S 21
ITEOT 3 TAU, el T e W Zn IS GRT AT 158° FeT
Heh 10T (Water Contact Angle, WCA) T TITHIT 6°
TATSTST SI0T (Sliding Angle) e HRETESHIF a8
FATHRTTE R [38)1 360 TR, SRITHTTRe ahi=T, STHIGE FaTesT,
I 99 @eEedl W ad™ STl (Thermal
Evaporation) @1 1T ZnO %@uﬁﬁmaﬁﬁnﬁw EIRIES
ST 27131 T SHTeretaReor STcrrelt TSR o6 o +ft S s
g [39]1

YIRS He, ST hiel & T, STA-aTh hie (Water
Strider) % 9, s s gl qur Sk Y o=, ST
SfoeRiia seh a1 &1 o ffr 1 Sicenfed ik a-19
SIS (Liquid-Gas Interface) T faToT et 8| 56 o
Tae Ehfird safirier §ATst (Confined Geometries) H aTsq
ST 6 I GETHT GeFld shl Th Sgd IFTH &TaT
vefsfa et & [40])

fepeft waref o e TR Iufrd Tupst 3 sreT o He e
%W@ﬁﬁ?ﬁﬁfw%i ﬁﬂ'@‘{gm (Surface

Tension, Y) F&T SITAT 8] FTTIS W 3 I I8 T a1

TR T BTl 2 —
1. Tam Sas (Liquid-Gas Interface) : YLG

2. @3 SAYS (Liquid-Solid Interface) :
LS

3. B\-TH g (Solid-Gas Interface) : ySG

¥ A 98 qE A e R S % dqed STER
(Equilibrium Shape) 1 ferffa st § ST weeargut &t 21
forelt 3 T T feerd = sfg gra fAfeia doeh ior (Contact
Angle) H18 TR T T I8 71 AT & eI g 21

ST fof Tt 2(b) ¥ TR TRIT €, Wi STl | 39 -vueh
@ (Triple Line) W, ST&f i1 st firerd &, oot st =
BT R Ad:,

YLG COS 6 = Ysg — Vis )]
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VSG‘VLS)

Here, 0= COS_I(
YLG

3T IHISHT ol TR &9 & 9T ST 990 (Young’s Law)
T ST 21 9% o 59 g & aeR i grggiihiere (O <
90°) 7T BTFEIRITareR (B > 90°) F &7 § Fffchd FdT 2,
ST O TeT T 10T T T & [41]1 FAg o6 O H wiEd
w0 % foe fafi=T wemafes g g wag i wie e ot
T THT U TTelt qehrieh 2 38 SR kel Ueh Ta-Haifeta
ThT ATuTfareR Wi (Self-Assembled Monolayer, SAM)
& e 3 0T a1 Ui iafda e o o Tt e ® (421
39 TR, IR TET( S Td F1R0 HifT 5T we
T STTHUIRIAT (Wettability), BTSEIBITTEET T 31T hraiceh
o a6t FRifrT et stgepfeTer fopa ST HekaT 2

1.3 hivrhrar uftarear &1 ufe (Introduction to

Capillary Phenomenon)

SHf3TeRT AT (Capillary Tube), =R SIS @mm=ra: 19 6
et o Srafes =g 0.5 @ 2 firdt % st S @, e
(Adhesion), €S (Cohesion) @I I8 A& (Surface
Tension) STl oh! TCETT f3R3AT 3 ST W 1 ahtell & [43,44]1
STeT 5 TS HiTehT AToAehT 3hT SIRI o ST T TSI e, 5
TS o e TSI ot § ST BIa 2, el Fa AfeTehT § H9
FT AR 33T T qUT A AR (Concave Meniscus)
T &, forem gweh o (Contact Angle) 90° T HT T T
[45]1 sah Tl afe 5o fopel o st desi et st
yod &, A 59 A B 3R o Sar § iR S Afehe
(Convex Meniscus) sk forfor grar 7, fom ok ot 90° &
a1feren BT 21

TR AT (Capillary Rise) T STeet UTEeAT 8, S 59
2 VI T 2 RTeRT ACTehT <hT el FerRISaTat! o vt e 2|
STeT <hi3TeRT AAfcTeRT <Al Safes Tag W ZnO (RS rzs)
Wﬁaﬁ%ﬁaﬁiﬁ%ﬁﬂlﬂ?ﬁ(Momhology),
GLEUH (Roughness) T4 59318 3 oRanatt & afga arar
&, TSree hf3rehRr sarer H Hecaqul sreeta AT Hehdl 8] 34
IR ST FaeT Yol SATSVIRIAT (Apparent Wettability)
ot g ffe & s, afees eRvll o feraor, agl fersmar
(Surface Heterogeneity) T dife senfufa (Confined
Geometw)%wquﬁ@ﬁﬁﬂﬁﬁﬁ‘ﬁw
1 7% e 79 o e T T ZnO SR 61 HAet et
0T 3T~ BT & [46]| 30 ATk, AToHH | 9 & 59 T
T (Viscosity) wﬁrw%wwmﬁwﬁaﬁ——r‘eﬁm
2, Torreh aitoTeaey SHiTehiT SeaT THTfd giar & [47]1 5o
T Yo ot ShiTehi Seorm i e st 7 weeaot it
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Tt {1 TTHTI: T U8 AT T e ST AT St o
HRTEAT IoorT 3fereh T ST & [48]1 ot 2 31 ST,
A7 T3 ¢ AT Toh SHiITRT ATCTeRT T BT P ATel 599 & R

Fig.(a)

" hy

h;

Srater firem wa e

T H AT ST, T AR # h 9T A9 3S 59 Wi Al MR,
9 % T8 I o e 5o 5T Sford &t )

2ar acost

Fig.(h)

ort 2 (a) f3TRT 3R (capillary action) T 0T, (b) Tt H@FFT T HfITRT & 5T T S T (capillary rise)

I TS % HRT T ST HEater et
arta,

Fy, = ocos 8 X 2nr

o F,=U8 G % 0T 34~ HEATER e
®  0=75d kI I8 a9 (Surface Tension)
e  O=Tush F (Contact Angle)

50

1= hi3TeRT AT T BISAT (Radius of Capillary
Tube)

2mr= e i afify, st a8 ot g e
T Y T 1 T &

FHh AR,

STV R W = 5 H ARG X Ffed
X Tecdtg o (2)
W = nir2hpg
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| (Equilibrium) 3T ST §, THiewr (1) T et
2 T fRu T T TEW e B9 =Ry
F, =W 3)

2MrOcosO=Ttr2hpg

Sﬂﬁ%ﬁw@méz

h_Zocose @
rpg
AT HISHUT HIRTHIT IcAT i S8 ol ook Hldl 8, o

I T T (Jurin's Law) &1 ST 21

14 &fmeT afdwr & it ZnO  SARUT
(BTSSIITach) ST AT ShITeT o TS

S SifTEE (Zn0) SHTeRvT 10T S (Bio-safe) Td
SIF-ETd (Biocompatible) ‘SIT:E% % T HEX O g’l’ﬂ?ﬂlﬂ'{
FIE H STAtE At € SR 3w e,
TS T LCD & =Teth Taeft 9t (Conductive Thin Films)
& fomior & foram STTaT @ [49]1 BTSSRI ZnO SRegFR Y
W(Momhology)wmwaﬁwﬁwﬁﬁ“ﬁﬁ
FA §, &l "ag @ Q9T (Surface Roughness)
TrEgrmIfaftet fFrffa w & v vfteer fmar 2 [50]1
(Nanosheaves), CIBED m@ﬁﬁmww&haﬂ?ﬁ%w
I=e SIS | hIVT ST T & IATERTET, ZnO AR
TRTHAT 157° T Heh 107 FafRfd 7 GReTsermis: Saer
o €, Sefeh ZnO I T 67° €Ush 0T & €Y
BTG TcTeh SIaeR Y& X @ & [51]1 A.M. Munshi T&
AT 97 fof 5 ZnO A-TeRvil 51 ST 14 nm & SRt
620 nm 3T, T ST BT ETh BT 24° & TGH 67° B T4
TEd T BT 2 3 ueh 1o AR % SR W STt
foreft oheaT QT T TR SIgY % WY SGdT § [52]1 ZnO
(Antibacterial) dIT TEIOT-ferIeft (Anti-corrosion) gcrh T
I B4 2| SHINTeRT ATCTRT T STTTh @ T ZnO F1HvT 3t
I IThT FTESIRIToreh foroaratt st Heeaul &7 § wifera
At 2, Forereh s e foreforfiae §—

(i) ST Hueh wior 6 ghyg

ZnO HT T & el U HI0 T 914 &, g aag
ATy ETSSIBIfh B STt 7

(ii) ST9-9a (Pressure Drop) ® Ifg

TIZSIBITSIh T 59 YaTE o SR 37T JToRIe Sca=T o
Tehelt 7, Torerd Ffcrent & <Tel-qa o GehdT 21
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(iii) STET STTereRwuT &ToeT | FoR

STER o | STet 3 AT qT YaTE Rl W S 8, e S
fereRor (Water Repellency) ﬁ_o[ﬁ?x Bt R

(iv) YT T A AT

BTZSIWhITeTeh 1T % SHIRUT ST feretami1 ohT JeITe ¥ & Tehdl
2, Fora f3reer farehr & 5 it yarE T HE S R

1.5 BTSEIwITaeh T9TS Ua 3id:fsham (Hydrophobic

Effect and Interaction)

RTSSIhITersh ST e Tiere & fores st o1vy am &rae st
% "o ¥ St ©, feen afonreEd yorett i 7w Sl
(Free Energy) T 2 S 2| 39 THS h HROT 31%3!%[ SIS
ST 3 T Hh oh = W §U =T SR 0L 1w
% |1 ST T THe A 81 erEeihiteen Iia:fperd
(Hydrophobic Interactions) & TdTe U Efia & i Sa 8
3ol §U RS IhIToTeh 37U TS Hel o ol AT e SHATHIT
WW%IRW&WE%W%(Vacuum)ﬁW
TR & oft 37t g 21 Sarer & forg, e s 7 a1
e 3Tﬂl3ﬁ % S 9 ST aTed (Van der Waals) ofa:fram
STt TN 2.5% 1021 BT €, STeifeh et ATea ¥ I8 Sgeht
T 1410 '] B STt 81 SIS TqH STSSIhIeHT AT I8
AT FHTIG: 15-30 mJ m 3 s8Il €, STalfeh STt & a1
IERT STATERT TS 40-50 mJ m e I ST 2 STt | 36
TR < Yeel 3ia:forar i arufer 39 <X arew frgia g
qUi: TE THSTET ST Wb, F((h a8 STl e § &
TR ST IOt HEAT B TR F 36 ST freh AR B
FHROT "BISSIBITeIh 54 (Hydrophobic Bond)" =l S1a&mom
STETTer 261 718 2ff| fofrq AT 7 g 9 2 T e T e
W—ﬁ?ﬁﬁﬂ (Entropy-Driven) g R S& &
RSGIHITeroh SoHTgAT Ueh-gu o Tohe STell €, el 376 =T 31
ITE ST ST o BTEGISH SUl ohl TCaT Titad et ol
36 [THTS o TROTHERET Juredt i ¢t st @ qor q
Tt Tt ®, [E® SFl eTegIbifeRn Shigar & s gt
SATHYT ST BT Bl FET FROT & T erggrehifern 3ia:framd
HHT TR e o1 STe Ao il &k TTe T8 Hehl
El

2.0 SwrIfafer (Methodology)

2.1 @t we farfer (Material and Method)

38 31e | feferRaa et ue T ot SuRinT foRa T
16, 24 TAT 32 mg HigdT aTet ffeh HTFETEE (ZnO), ™= 20
mL ST H ST T 98% ST AT St THIeE SRETEse,
STei fheet TR, STgd S (Distilled Water) @7 2 mL
THT| BT (Dahlia) 3T Aftral X TawT o TRE ford
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Madan Mohan Malaviya University of Technology
e & e o ) e H e wft e g
34':[@31? (Analytical Research Grade) ToraIT % I AT TR
¢ rferfies wiver T foRam mam ZnO SeRui % wegwor &g
HIA-SIA (Sol-Gel) farfer T 3w foram

2.2 Uit frsehe (Leaf Extract) <t qamdt

Tefore i aftat STETE % & 8 THR 6 5 g9 T 3T
TG i B o o aferail b ST et & 2-3 S e

sraer frem wg e

T 1| §6 TG Uil 1 BIe-BIE ZHT H 1T T a1
TEA T G (Mortar and Pestle) 3l TERIAT & T T
T fopm 1) Sfafie Tt ge % forg Rt w1 amr
o AT T G 7| 36 T Afdl il awie gl §
A 100 mL STEA St 7 firerrm i qer firsmor 6t 60°C
A T 800 rpm F T W 3w qF g few
(Magnetic Stirrer) W =ICTRIT TRAT| AL o QIIH (RIS
30°C) T diet 7 1 e (Exctract) T8 g3 T8 e it
fom 3 7wl STgam seTei fiheet Uot g B foram T

Torr 3: weft o a1k o1 STt (e o wast 51 3 ST B SR R g § ST T )

2.3 seferar usht fsrg-wafea (Capped) ZnO
ATERUTT T |LT0T

39 faftr 7 3.3 ¢ S weiee Smersse &1 50 mL STHd St &
FTeTeht S{1eht H T TIT| 3 foreta ol 50°C 9| W 50 rpm
i 7t & 30 fire Te geehrr w7 & feamn Tm g9 a1 20
mL vt s it ste i T § eft-effit guit foeem &
T TTaT| FeaEITa Seeh i R BT A9 80°C T 100
rpm Terifca st 78 o7t forem @l 80°C W 2 HiE e TR
feemar mm gw gk & S 0.3 M Aifeam EEgieEEe
(NaOH) forer I s[g-5/a teh el deh FHeTTa 7T STef aeF pH
= 8 T 2 TN IfoHEEy The I1 #1 foifera smey
(Gelatinous Precipitate) STH g3 56 STFET T 80°C ATIH
TE 100 rpm =T TG WX 1 &2 ok fiat T mam fasor &
utar: STfufsRaTeiiet 81 % T2Ta whe T 1 seTeiH fheet T
SR qUe foRam T 36 U 1 gl few § wumiaia e
100°C AT9H 9T 2 & qeh 3A1a J 7 foham mrm wrw srge
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T % TR ST ST § ©IT 7| o <ht sr=idl o (T STaard
T 2 HE T WIgshiaa A H G TRAT| S §@ T i
T T HTEet gRT FTEH ZnO AT 31 HE I dhe T13ST
e TR T, foTerRT SURnT ST % 1esR o faRam Tem|

3. GiuTTH Ue ==t (Results and Discussion)

T H T wIRER gEwT STt TRt
(FTIR), WaT-t-gva-fiehe atate Wagahdt (UV-
Vis-NIR), Terd-ferur farad (XRD) T TR st
UTEhIEeR AT (SEM) deilenl §RT foRaT T FTIR defiieh o
IUFNT FHTel e, agwﬁw (Polymeric) et RISk TeTelt shY
TEa % T 3R ST 81 UV-Vis—NIR o1 daTelt o
TS TSSO (Optical Absorption) TS  HERUT
(Transmission) ’;I'U'ﬁEFI TR FLAT 7, e 3o o Ay e
2ot ud srRyf St Suftufa Hefet wecaol SeRY ST et
2
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XRD Th1eh T STRANT FaTelt ol TCaT, Here ugt witfersh qoni
% e o foRam ST ©, Safeh SEM A aeqel &
SR Te Tl ST i St fareT (High Resolution) aTeft
ST T FLAt R T TR ST | wTfeh aitae s
fordur w0 § werd At 3 sEe Afafw, weiEw
‘éﬁ?@@ﬁﬁ (Fluorescence Spectroscopy) T YT 31“\131}
TS TR o FARE TUT 6! AHE o o foram ram g we
EéTl—gjf—\‘rlvlchkllss IR TRl TATSH 3TIA1E (Surface Plasmon
Resonance) o shRoT fafite v yefiia s €, o 5=
St Tt AR ATEw (Charged Carriers) H’I’q\%ﬂ% Y
e A B T TebeToh HTeRUIT oh TR T et freh ot
35 Faon i et i et 24

3.1 FTIR fI59t (FTIR Analysis)

fo 4 # weRfa FTIR fasgwor & 7 & Sufterq fafim
foraTenen PITI@ (Functional Groups) & fafsre &7 o
(Vibrational Modes) T geifera fowiw fime (Characteristic
Peaks) W U ¥ RmR dom 3@ weifoq e

Wavenumber) TH 3T TERI{-eR ST Us 3T0Tfereh form=ame
o

o Hefer & Hecaqul SRR Y ol T § ZEfied (%)

sraer frem wg e

T FTEEAT (cm’ ) o He Haie] e 3T fomarm Tm 2, STel Jeieh
farer fafste qmeen w :l'qj BT 319 fafemor (Infrared
Radiation) % TSS90l k1 9MTaT 21 669.83 cm ™! T T8 1@
ZnO S-TeRult 8 Sufted Zn-0 sS4 % @ﬁl’T U (Stretching
Vibration) % HROT It9~1 AT 2 TE ZnO T H TH
fafSte we== @ 9T FTIR Ween & 9= 3@ ST @)

1414.38 cm™! T 98 M@K C-C T o =l g9riar 2, St
T T HTe-He sielt T ufufr 1wk T 21 7 fRrew
WWTU\IE}% &t feg=ma f (Stretching Motion) F yefifa
FAT 2] 1560.18 cm™! T ITH fIRGK C=0 T O—H ST Joh1
% TfET S @ Hafd 81 7 Rraw T § FEite (C=0)
TS eI (OH) forarcrsh wet i 3ufeafa s awiar &
T ART: C=0 fgsier weh OH @igg i ot T 1 wfaffere
T 2

7T ferfire TR oht T L & o ATt 3Tateh farfetor
i ZHAfeH (%) 1 Vi Fd 81 I Frer vared #§ sufeuq
%ﬁw%&mwﬁ%%’wﬁz (Fingerprint) FFTH FE
A 8, STaH SMeshaiatt sl T o TETe Seehi i T
TS ferseor e § T firerd 21

100 -

90

80

1414.38cm™!

70 ,

] 1560.18cm ™!
60

Transmittance (%)

50

40

T

30 -

rr-rrrtrrrr*rrrrrrrrrr1rrrrr1rrrrr1r 1
500 1000 1500 2000 2500 3000 3500 4000
Wave number (cm'l)

Tor 4: Zafide s Sacter 3 e FTIR 3o it 0 (I fom wasl 51 3 STeT ohi ST o G & s 77T 2)
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3.2 UV-Vis—NIR faI9ur (UV-Vis-NIR Analysis)
3T Tauc Plot

ZnO 0T o6 YRTTT 0T 3h1 STERIA i & pH 8 WUV
Vis—NIR 3R 27k were farsawor foram mam, St for fomr 5 of
6 T EITHAT 77T 8] mZnO -TeROT BT UV—Vis ST S,
S pH8 W H”@ﬁ?‘fﬁﬁ"{ g 9}, ST (Ultraviolet) PR Th
Y e foRwar weftfa war 1 stanwer foRm
(Absorption Edge) TT¥HT 265270 nm W ST 1T, ST AT
4.67 eV FT T TR HHAT St (Apparent Optical
Transition Energy) * ERSE 2| 36l R, 3k wie (Tauc
Plot) forsaor & TTHT 4.85 ¢V i TehTSiiT TshaoT Fo1l 0
TS| 98 €I o1 Wea Ul @ foh & A &9 ZnO (Bulk ZnO)
siafifea sefa & T stferen 2, fraerr 7 amT=ra: 3.2-3.4
eV % oftr frare foram ST 21 37 ST AT Y Sk ZnO
A9 e (Fundamental Bandgap) % T 8 T AT T
RN 3T SO, ¥ A IN-E0T TvTEl, gde-geitid
'sf@ﬂ'{lﬁiﬁ SR, S-S (Defect-Induced) S@ﬁ?flﬁﬁﬁ
HTEAT fEHT qoIT ST o S T Seora ot e
(Dahlia Leaf Extract) T I~ BIEIh{UheT HiUT ToieT &
TS ok SR Icq~ Iod-3e1l JehIefa Hshmon AT Sfaffiea
T Hhd &) THeh SA(Th, TH1-3TehN 3 S0 3a=T Quantum
Confinement Effect, Srees giumTeE Sﬁa?jﬁﬁﬁ EEIE=
H fard H9 BT 21 3H1-3TThR % fheeatTsed (Crystallites)
AT Tt foRaTeHeheRoT (Surface Functionalization) ZnO
TR % TSR TS W diafdd s TR §, e
Ry sEeiyer faRar ®i¢ q@esd  (Shorter
Wavelength) 3T TR TIHIaNd aidl § YA a1l 8l §6 FhR
#I I-RTRE (Blue-Shifted) TR Sffsramd J=r-stfea
S LEIRED (Semiconductor) yonferat & ‘ij T oft fedid <t g
&, STeT |ad ST, ST (Lattice) ST STIUTATS. Q2T HoT-
HTHR § HTord TTa FohTefr ST 7ot sl Heeaqol &9
T T R 2

0.7

sraer frem wg e

%%%WW%ﬁW@W%(Valence
Band) T =TT 38 (Conduction Band) T SafStd 3 &
e stravees Bt B, e gftomreesy geifta e &
IS T ST BT 21 UV fersdmor & 7 oft wm gorm 6
pH W1 ZnO AA1R0Tt ok SehTTRT 0T 2! Hecarqol &9 & JHTferd
Far 2, oo fafie qorest @ et de i ue Sfesnyor
SFER | YN BT 81 ZnO T Soiadii-eh TeT ht aagt
SATIgAFI T SUHTN qYT FHII-SSRUT (Photocatalysis)
ST & E3 ST 1 S S 3 for st et
1 rerTeT-3eIT B e fagia @ for forelt farfie admeed
RISl AT ARSI B 9T Bé?fl—-f—_aﬁ?f IH (Electron-Hole
Pairs) 39T BId &, ST eIk 1 Tag I T afferefientor-
AT (Redox) AMufRamel st d@u=1 & & ZnO TH
st SfiTse B, fwehl weae sg fiv et e 3.37
eV, TS e et (Excitation Binding Energy) < 60
meV TUT FHAL & qIEH R T ST/ WET (Deep
Violet/UV) STaRITSOT 707 91T T4 @ [53]1 I8 TiOZ & ¥
2 [54]! 39 iRk ZnO ¥ TAHRIAT (Antifouling) Tof
Sfamuiet (Antibacterial) o7 +ff WTQ ST  qAT AT IFT
TeRTIT-3CIh HIshIdT JETTd hiaT 8l I8 Hdafed & for fomeft
werd it 31'55% (Morphology), HdE &%t (Surface Area)
Te TReeeliEar (Crystallinity) SEh JeRTIT-Sceh G&TdT
RO &9 H T A & [55]1 37: 4.67-4.85 eV o e
foRT TTC W 1 sk ZnO o 3idfied st o st S3fva
Fr-fd yoneft & Heifta Yerey SehTei wehHur Heitedt
(Apparent Optical Transition Energies) & ¥ T ATEATRA
o ST =R

0.6

0.5 T

IS
]

Absorbance (%)
bt
L

0.2

0.1

0.0 T v

P .

pH 8

K

R et

T T
250 300 350

T T T
400 450 500 550

Wavelength (nm)

Torr 5: SrEmiO SR qinee % SfE UV Rrdor I (€ o was 51 3 STeT shi SURiT R GaRT o S T €)

54



3-fogmm e 3, o7 ¢, O R0%& srarfyr fiem wd o
7
/
v
p
’
2 P e
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2.0 2.5 3.0 35 4.0 4.5 5.0 5:5 6.0 6.5

hv (eV)

orst 6: sTemRE IS & o ZnO AoTféeres 1 2 wif2 (Tauc plot) (IE Fo Haw 51 o ST shi SURINT T GoRT ST TIT

3.3 XRD farsgwor (X-Ray Diffraction Analysis)

XRD ferseuor g1 sy ferare 9e (Diffraction Pattern) :ltlj
o ToREEIHTIhah TV T YRR &, Ster foh ot 5  femmn
AT R ZnO HIv & 3id freeeflsr SR (Crystallite
Size) o1 et Scherrer AHTERIUT ST o T

D=KABcosO

e D = 30ua el SMH AR (Average
Crystallite Size)

e K = Scherrer ferie (= 0.9)

o A= X-Tmur it qoreed

o B = foadt Rrer &1 qof rd-stferkan =iers
(FWHM)

?)

e O =f<;=|<'=|?i'r[<'=hlfUT(Diffraction Angle)

XRD fas390r sl Scherrer @HERT % |1er ST T &
ToREeT ST STThR H B aTet TEH T ST € gl
g fafer i wvmat =t R s arer SR o=t
T T el ST JaT Sl & o 3R HifT %
T i ST § wereh 2t 81 o 7 3% XRD 7 @ farfir=r
forarcd shiont (20) W fafy= foeeetta a (Planes) T Q)
31.84°, 34.59°, 36.34°, 47.55°, 56.63°, 62.97° 7T 68.10°
o 9Tg TG SRSt (100), (002), (101), (102), (110), (103),
(112) wd (201) foreeeti qait & Geiftra 8 XRD witomar &
ZnO ST 1 fReeelia 3R 15.47 nm & 34.72 nm &
T T T, STelfoh e fSheelid 3R 23.59 nm I8
g1l 78 wfto FEid 2 fo €3 ZnO SR Aot T
$ 3=u Foreeeliar Gt T €, S 3 gehTeii, Fiftes we
TR TUTT B STITTr St  Fecarqut sifeht foret 21
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20(degree) FWHM (f&ifh D-TafE fSREeeTge T ATRT (nm)
31.84 0326 16.047 2732
34.59 0.251 29.344 34.72
36.34 0335 41.788 2633
4755 0.470 49.794 19.54
56.63 0.420 44.780 2248
62.97 0.537 48395 15.47
68.10 0.521 52.097 19.30
7000 =
-] o
- Z
~ 5000 -]
5 ] =
< ] <
=’ - -— N
2 4000 - s
& . S
Z J 3
= ]
= ' =
£ 3000 S
- —
- ~ —_
- o —~
2000 . Q i ° =
] i o -~ =
] 1 = i =
] i | ~ o % l =)
1000 — i i { l; i ad
] i V i 3 i ji "k
: i H 8 $ v
0 _F'——'—" - U \_J UJ

40

60 80

20 [deg]

forsr 7: efferam 31w 20 3 st XRD forsdwor (e o dasl 51 % Ter il SUT - o & S T 2)

3.4 FESEM fsuur (FESEM Analysis)

fice THTH THi-T SoF ATgshiehid! (FESEM) T 39anT
HfITeRT AT (Capillary Tube) F TANE Tdq8 W Al
ATROTY ST STRf U TS ohT STEA i o fera foam T
S<o-faveT (High Resolution) SEM Tetor gRT SR 6
foror, feT fii THETT qUT WdR G (Surface

56

Roughness)ﬁmwﬁwwg,mﬁﬁm
1 ofifoek fSiwareTl 1 FgaR @ T WHS ST HWH [56]
FESEM fas3wor o1 férgia 58 witer sl  ferey weee war 2,
Hifh T AFIER TR II~T HEHTHE TN BT TeTeT 5o
ST AT & T HIR0T ShITT o HIRTH T (Capillarity)
W Y T TATE Skt GHEH W ERIaT Sdr 21 FESEM &
ST ZnO AU T Mﬁfﬁ (Shape) Ud @@l €=AT
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(Surface Morphology) %ﬁﬂf@T%@ﬁFﬂTWl [EESEUETEIG)
gem f @3 znO U @ wewniw gismse
(Hexagonal Waurtzite) W& & ®9 ¥ @ifed
(Agglomerated) 9| FESEM T~ 1 Shi3Tsher saer o are
el L T T THET ST ThaT & foh S-1ehoT hifeT aae i
ﬂ@ﬁ@%ﬁm (Pore Structure) ot forer Jeh witafda
Fadt 7, e g it ATEar (Wettability) T 59 aiee
TOT SITTe B 8 o 8(A) | 60X ST T I8 T78 ¥4 H
@1 ST THAT 2 T3 ZnO 3HhvT HiETehT it 3Tidies Tae o
ok 3T 21 38e ATt SAiafes e ST 1.15 mm
fRTeRT 3 AT 3 TS ST 203.33 um T 5 Fo §(B)
% 28 5% R ATt 3 Hia ZnO AR oo fe
ST X @I ST Tk 8, STalfeh f 8(C) H T 10000X
ST T 500 nm F YA F AT Tk IR0 FH SRR

sraer frem wg e

TS 100 nm @S 2ar 21 Fot 8(D) T AT 5500X AT
X ST T foh ZnO A1eR0T 119 H Foh & (Clusters)
AT & T 39 7 1A g ST 2 m 81 ZnO HH1eRoi
kT I AEHT (Non-uniform) forawor T e Tmor
(Clustering) 37T 3T 2 36 A HTH e 1 0 7wt
gt (Homogeneous) m@ﬁﬁzﬁ g & | ST Fehdl
30 YR H fI (Heterogeneous) Had @=HT i
STR0T AT (Localized Wetting Pathways) TT Haar oS )
ToreTaT SeaT o whdl &, ST ST 2 RTshie e 1 wecut
&Y & gfed et €1 FESEM ot § ZnO 3-vkor st
T quiq: TeT e €, Sfceh o I Ml T EHE
(Clusters) EEIn) T e 3 21 39 g it fowm wae
T €9 § @adt e (Local Surface Energy) H
Tfterd Sea=T Rt Rl

500pmT

20kV X43 22 20 SEI

—

20kV  X5,500 2pm 22 20 SEI

ferst 8 FESEM farswor (A) 200pm W (B) 500m W (C) 500nm W (D) 2j4m W (F& fot Hasf 51 o STer ohl ST o g &
EEIRIKIEINS)
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3.5 (hTSTehTEN ST <hT STETT) Investigation of
Capillary Rise

30 1§ g SaforaT Uit o T (Dahlia Leaf Extract) st
ST Feh ZnO FAHI T HoIwr fofzm| =rewvli it g
Te foReee T ol qeaishd & & T FTIR, TAREE, T
TFIGRIAT T UV TFIRahIT T SYFT 3R M FTIR
TS 47 7 T8 F T % THR T ST A
Fraftor Rt ®, Sefh UV Segahid! AR i G

sraer frem wg e

forTyarett &1 ot FT B TH W HUT O
(Vibration Modes) a9t ﬁ'ﬁf—?ﬂﬁﬁ e T Te= Fdl R
TANEE TIFIEHTIT HT STFRT TEEHE HeleT & o g90r
forw foa Tram & wvft eetteh ZnO AU o6 U Ue HET o6
SR HEcaqul SR Se K 2l fo 8(a) st & STmga
STt % TR 7T fafi= Aigare (16 mg, 24 mg, 32 mg) T
fomT wiaT aTer SHivTeRT § ST ST 3 I o W Helel
32°C, 40°C, 50°C @1 60°C ATHM W Jafdfq ear &

[afeterT 171

2.5
| %
2.0
E
(]
Z 154
2
& 0
- ——T=32.0"C
= 10 - O T=40.0"C
& A T=50.0"C
© 0
- ¢ - T=60.0 "C
0.5
0.0 ] T

0 4 8 12

LI L

——
16

T T T T
20 24 28 32 36

Concentration mg/20 ml

R 9 (a) temT-31emT ATHT W fefecs et & wrer s ST Shitert Tgst

HRTATT I TS HhIT ATTRT H 5 T HUL T AR ISR,
ST I8 T qT STH-59 TS T FHR A et STESTH Fat
6T TE 3R o 0T B1elT 8| I8 I8 AT, HOeh 10T, Fa el
qu HfrRr Frear S Amadel w i s #1 foer afta
SHfRTeRT T FeuT e T & ATt wared i sfafifead smavfirar
CRIECE R UIECRERIECRI TN

AT ST H, AT ZnO A-1h0T FISSIhIfeTeh TER (HUh
T > 90°) Taf¥Ta Fd &, Ot off hfrerr it e1iafer Tag W
T THTSR © HiIThI IeuT | Sooha-1a g g3 3Test &9
U, TESHICE TRl I HAESH A THAT B FH Fh
IR ST ol FHT TMRY (FiToh cosO =T AT Sear )
forg g fearfar # 3r-sfaa znO ifé 3 et smwsofrar €
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T, Sfceh 311 Wt ottt oft aitafda # fam SEM # ot
T HERTHI-AgRT (Cauliflower-like) STaMT feafess geadt
w foggeh offl I8 GEUT 3% TER I3 gY AI-HRTH
ST ST R, ST el T ShiyreRT e Bt e e dd €
TAT T T T TS 8| R FHGIT o STTET, Tt
oo & wheft Seor S H g 1 Hror S 31 38 A,
I HoLOT o ST o<l BU hSeIohfiehod LTI Eggiithicish
ToRaTee: W9E Y& L EeRd 8, St ZnO 3 STESIBITeTeh Tahid
T ATTITeR TS T & T STeT o TGS hl S T 81 AT9HH
+ft HRThr oo & wecaut firerT e 21 AT e W
STt 3T FATT (Viscosity) 9 & STt 8, forer ag Shfstepr o
STy STETT & YaTfed B ardT & 3R e ¢ ST 21 F=
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AT G T B T Seehl st 37Tt &, TRt +ff 3 ot
T W § wH e e e w@ar 8, ek
TTOTTRERET et hITeh s § gfg Bl 21 31d: ZnO-Afia
RIS T TTH g1 GIT T IeaT HI-FI T GLETH,
et o 7 sy, foremr srsioferar e qrome-fnd 5= o
3 T TS BT TR 2

S-S TG ST T AT ST, HITRT H ST h AT
S TS| ATHI e o AT ShiSThIT Ieer | iy T HHor
U8 T H B ATl T offl ST Sed g, 89 A @iEd
311‘1T(‘ﬁ 16 mg/20 ml, 24 mg/20 ml T 32 mg/20 ml =T
e o o gigarsht § N st aftafera or qor
ST T 20 ml 3T STeA s 98% G ATl [eaTsee THiee
AT | H3TehT T STk T W ZnO HUT T HIFET
3 T SffeR  IfRerT STTHA STel oh TR ST o | B9
U7 o SIE-SR Wit S, SHiNTeRT B SeT ST ST oo &
ST TRIT| <ok A TaR0T <HTTehT <hT ST e T §HET &9
A 72t o, S 6 fort 7 # fogman man R, 3 wgfeas ww @
forafea 9 3T SEt SFROT 36 TR T HIIThRIT e 3@ 74|
32°C AT 9 TS5 feRelt BT 3 ShiSTehiT e 0.524 cm
oT| SIS 16 mg, 24 mg q9T 32 mg Tl W 32°C A9 o
IR IeAT SHART: 1.681 cm, 2.00 cm TAT 2.2 cm T 5=

N
N
s

N
<
1

—il— Distilled water
- @ Ethanol
- - A Methanol

[
®
|

[
=)
1

Capillary Rise (H) cm
-
1

sraer frem wg e

TRAT| 32 mg HEAT T STH HRTART e hT T 16 mg T
24 mg TIEATT & T I H geehi afs fewrs €, S gt
2 % 32 mg TTEAT W ST 9 16 mg T 24 mg T JeT
T 31firek oM 36 TR SARIHAT SIS IeU 32 mg Figar
TITH B3| T 8(a) & 7% +ft T 2 Fo Aot st o ShfRrehier
IeuT oft ST 81 FEfY qTIuT Seq o |19 I8 a1 (Surface
Tension)ﬁ‘ﬁ%ﬁﬁw?ﬂﬁﬁi%ﬁwm@?ﬁwﬁ
AT T AT AT T T T $6 Jurin 6 R 6
TT-TTY 5 % i Tﬁ (Dynamic Fluid Properties) &l
oft &7 # T g gt < e o R

o1 8(b) SieRt W ITEr STTHA STct, HeHTe T TR o &
T 32°C ATIHT T ST H AT o AT o TeT Helel hi
I & [arferehr 1, 2, 3]1 AT % forg fomm isar 3 ofaa
SHTITEHTT IeATT 0.946 cm ITAT TRIT, (k16 mg, 24 mg qAT
32 mg HSAT WAL FA: 1.016 cm, 1.024 cm AT 1.041 cm
ofT| T YRR WS o T form wigar 3 sfiard S iRmehr Seam
0.952 cm T 7T, SR 16 mg, 24 mg TAT 32 mg AEAT TR
TEHIIT: 1.021 cm, 1.052 cm AT 1.070 cm 7| 7% & fens
TrereraT & o ATomT sfee o SATHA ST o Forg HiRTehier oo
e & sear 2, Safh #9HA Ud Ut % fore g iy
STETeRd eftet Bt 71

1.2

1.0 ] e G E Rl

0.8

0.6

0.4:....,....l....,....,....l....,....,.....
-5 0 5 10 15 20 25 30 35

Concentration mg/20 ml

e 9 (b) fefiees diex, 39T TR BeHT % BT HIFT SHH HiSTHT-3~1=H (capillary rise)
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ZnO FTROT-ATI HfRTeRTT & AT T THTE BT HiThrT
e VT T W 5@ (0 mg < 16 mg < 24 mg < 32
mg) % | e fohq e afig wefdfa e 21 form Siftra
FiRTeRTSAT T AAHTA (~0.96 cm) TUT THHTA (~0.955 cmy) HT
I STk STUETS ¥ T8 T oh k10T fori o arerm &, Forer
IR e +ft ST FH ST Bid ol fohg ZnO I ok
S ST 51 T ST ATST ¢ 7T 3TN 32 mg AT UL SHET:
~1.041 cm (HHTET) T ~1.070 cm (TIHTET) T 5= 1)
JIfT ZnO AT TTEd: BEShIfeh 8, ITehT A-I-Era
FERTI-HgRT ST Al GEEUT Ieq=1 Ll & qoIT TER
TS g - HRTeRT AT ST 21 3 TS et S
HiIrhT Brsar 1 0 et € o FREEE e e 2

srerfrar foem wa e

foreer s Seorm # gfig Bt 81 AT ve Ui it Tt aa
N qAT STEVRIAT 3 T % FROT o -l i J
AT AT & TarwT 3 I €, et 59 aftare Sea g 2
THe AT, g STeshiedt S T ZnO HAe W Iufeerd
FafITe fofamenss Tt (ST dre-STenfid Ho3uer & 3= 5U)
& e TIggIe e Sel) 3iq:erorfeh foramd oft Srres
T &l ZnO AT g o |1 I | B aTeft hivh Ifg
7T g Fdt 2 foF Tt GeeuTH, fosgehar aur AR
fomtor znO #r sfafifed ergrmfafedt w gt 8 qonfy, 7=
gfg et i I 7 FH T & F(fF e H I8 T
TR &Y 9 & AT 2l

atferert 1: Rfteee dier & fAtaTféshen it remT-erenT wigar (concentration) U Hiverr ST (capillary rise) & TER <kl

T
oA THIAT | STTT-37T a9 T efiehl § ateT | STe-3TeT  dia|™ 9T ohisreRt | ShivTen-3~a
/20ml | FMER (Y1) cm (Ut & 59 T &R (Y2) cm
(h=Y,-Y))cm
32°C | 40°C | 50°C | 60°C | 32°C 40°C | 50°C | 60°C | 32°C | 40°C | 50°C | 60°C
0 Mg 1351 | 1.255 | 1.245 | 1.240 | 1.875 1.865 | 1.916 | 1.970 | 0.524 | 0.61 | 0.671 | 0..730
16 Mg 1.351 | 1.255 | 1.245 | 1.240 | 3.032 3.125 | 3.165 | 3.241 1.681 | 1.870 | 1.92 2.001
HTHA A
24Mg | 1351 | 1255 | 1.245 | 1.240 | 3.351 3.275 | 3.315 | 3.418 | 2.000 | 2.02 | 2.070 | 2.178
32 Mg 1.351 | 1.255 | 1.245 | 1.240 | 3.557 3.395 | 3.420 | 3.518 | 2.140 | 2.175 | 2.200 | 2.278
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3-fogmm @ 3, 3i ¢, U Q0% gt fiem wd o=
ATTCTERT 2. HATA AT H HAT-ITT AATIEHheT hE I UT hiuerl TgH SaaER i gt
EE) Tt 32°C T SffoRt & AT T T | 32°C T iUt (Y2) T NI T | HiRTHT-S~IH
(Y1) cm T (cm H) =(Y,-Y,) cmat 32°C
1. 0 3.463 4398 0.96
3.463 4.401 0.93
3.463 4.410 0.95
2. 16mg 3.400 4.416 1.016
3 24mg 3.400 4.424 1.024
4. 32mg 3.450 4.491 1.041

ATTCTERT 3. FAATC AICIT H HAT-IT AAATICH HELIM U hiUert TSH SATER i qorTl

. 4. TeRTIAT 32°C R &1 T 3T 1 &R | 32°C R Hiuerdt (Y2) ¥ 3941 1 | Capillary rise =
(Y1) cm & (cm ﬁ) (Y»-Y;) cmat 32°C
1. 0 4.100 5.055 0.955
4255 5.201 0.946
4245 5.197 0.956
2. 16mg 4.100 5.121 1.021
3. 24mg 4.100 5.052 1.052
4. 32mg 4.067 5.137 1.070
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4. foeemet (Conclusion)

FANEE TFRIERTT FRT ST 550 nm o STEUE Gehiot
femer e o g, qUT UV 3w 7 4.889 eV & 5.33 eV
% offa it et A gfE f TR Zn0 AT
GHEYH ¥ KT (Capillarity) F Seei@- 1 gig &t 7,
8 STe 3T AR HINT Tee o sl |eh shior (Contact

JUTTeAT ShIe-GIET (Fog Harvesting) G STel-HIE0T (Water
Collection) & Nﬂﬂﬁﬁ % foru wen gwreaTeie foered &
Treht 21 foeehe e el & o e wieaTensh Tuit e farfire
ST R A Zn0 T fafiret s ¥ R
SR AT B T, S1hUl 3 Tieuia Ue ey

sraer frem wg e

Angle) ¥ U & ST ST HehAT 8] EHTeh 10T el HAE o I
60° | TEHT T 120° & 7T, S 7 FTEGIBIToTh Thfer
T SN B 30 TSN 53 STgSIBIee 4 e for vdt wad
STt A e (Water Meniscus) & frmfor d e ﬁZIT, e
TR U™ T e e FRrhrar § a8 gig st qun
Zn0 IEFUEIYT §aE & Sid WeEd  SISSrwIeE
- Framenl & Teuer ®9 @ elferd ], ST 92 Gahd 1 2 T a1

Haleft Tt T TR HieE femed 3 gu, I g
ST § Welerd qeestl W AN SR FAgEEe fhar S
ST 31 Forey &9 9 FY v @y &5 H o U o gl
4 7€ GRfEa e st deeaql @ fo 3 SH-vere ardue
TR FEETAT 1 ST Al T 51
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ABSTRACT

Vedic Mathematics is an invaluable heritage of the Indian tradition of sage-based knowledge, offering simple,
rapid, and logical methods for solving mathematical problems. Its modern form was propounded by Jagadguru
Swami Bharati Krishna Tirtha, who sought to simplify mathematical calculations through 16 Sutras (formulae)
and 13 Sub-Sutras (sub-formulae). The present research paper examines the concept of Vedic Mathematics, its
historical background, educational significance, its role in the intellectual development of students, and its
relevance in the contemporary education system. The study reveals that Vedic Mathematics not only enhances the
speed and accuracy of calculations but also fosters logical thinking, self-confidence, and problem-solving abilities
among students.

Keywords: Vedic Mathematics, Indian Knowledge Tradition, Mathematics Education, Mental Calculation, Indian
Knowledge System, National Education Policy 2020.



3-fogmw @ 3, 37 ¢, AT 038

1. TEAT AT

T YT Sh1eT © 2T - ot 3Tt} g @t 81 fvre o &t
o et gt ot Qe foy w9t witer fomar T @ qen
HTHWE, STRTH, WIEHT=T Td FeTd = S TIiorast +f i <
1ok wecaqel frgia wferarfed fer) st iorelter s 6t g6t
g, formaa &1 o weaut S afee i 21 afews v
TOAT Y U Tt ugfd % w9 H @ STar ® S Sfeet i
SfSFATAT 21 Wt U o STt 81 SATfeh I 5 S 71707 bt
hie forg 3 & 4 2@ ST 2, qe e it ferenféfat & forg
e Tt RRTEI0T SUHTT 3 T T SWEH GHA T 21 I TOET
I Shared TNk TTshaT T STt ToTcHeh T sitfegeh Tiatater
ufafda w21

2. 3TETT o 39 (Foreqa samea)

59 Y0 1 qT 3e9d Afesh T o fafir weeqetl ot me
ST AT B FHh 3fania FeferRa Sewaii el foream & wmgm
ST Tehdl 8—

2.1. e fura T SATUROT U6 TET T FLAIT HEAT

6 32 H A e T ok g Fgidr, e qur Swh
FHRITUITEAT ol THZT ] $8 ITid T ST o1 T8 feram STt
& o6 Afew T a2, 36 W@ 9 HHE-HH ¥ § T A8
g Titret forfRmat & forg wehm fir=r R1 @er &1, sqeht @mT
wd et s oft fersderor fema s 21

2.2. Sfeek TITUTA Y UfdaTes e o a1 faser s

T 3L % I ATk VT ok I, forehrer e Ui wewt
T ST TR SITaT 21 3o et ATt e oftef g feRg g
FEt, TR i R qer i it & foeeEs w5
ferseor smifivet 21 sueRT St 78 wHET € 6 s v s
T R & o ST foren féret g8 3T o were e 36wl

2.3. e & gt & Sfeer it 3 e 1 weaieRT T

30 3e3T 1 e I8 i o 2 T afees ifvra fareror-eafermy
TSR ShT fore ToRTC TTelt ST 81 38eh STanta ferenfefat s o
T, AT, TOTCAer STt e | ot &fer 9t e 71T o T
T 3T ToharT ST 81 T o, =1 off 3 Star ® o fornerht w
I f3rer & geht SuR e forat R

2.4. Trenfeiat % aitfeger forermer # gkt wftesT w1 sreaa
T

3fesr nfoTa et ToMTCH qeraT O i e R, afcw aw
Terenfefart <t amfte oo sifae amarstt & o § ot aeme
BT B 36 32T % Tl T8 Sred oA St @ Tok Afess i
foramfefat & arfehen feiae, forsdmoTTereh afmaT, ToT Trfh, TshmoT
TAT G TUTE 1T o forehrd # for Jepm Ae <eft

67

#fenta HfoT e

3. STHEUT UFMA (Research Methodology)

SR T fore oft viver ref ot Heearqut STram Sl 2, it
THoh HTead O I et foma Strar @ for srera forer wrenre fopan
STET QT 2T T 6T ST =0 St foram Smamm sreqa <
) Uk (Qualitative) TS JUMHTH (Descriptive) TiTer
Tgfer =1 =T feRm T R

3.1. TUTTeHR (Qualitative) Ier Tgfer

TOTTCH T TG T Iexd TRt Foreer 3t Tewrs & wwet forpfera
ST BT &1 SN HEHATCH JTehe oh T I fr=ml, Sfaremonsy,
forgiall e rgwat ot forsayoT foram ST 21 sreqa stemm W afew
Tfore it TN, 36k Ntk HEcd 9o frenfe % difsw
foreprer & Sweht JfireRT 1 wHE o ToTg TumTeneR gfEshiT sToETEn
T R W TEfq & e ¥ Afew i % fafe wegett @
SANEATcHeh 1T TohT 11T B)

3.2. AUHTHeR (Descriptive) I Tgfer

quiHTeHess Y ygld 1 SwEn TR foww Y adam Refq,
forrerTatt vdt A o forqa vt e o forg foram Simar 21 39
e o dfesn it < Ucreriies gevy, wE o,
Aferer TR q IR Hawt T FHeE vd foegd avia
foparm e 31 38 v 3 ATe & forer & weiftra qet et
&9 Y Ta foram T 2

3.3. Teeitaes |t (Secondary Sources) ST ITIT

TR e quia: T stferet w senfed 21 fidteres &
i B & S 9 § Suciet ST 3T SU™NT fohar ST 21
3ivey 3 for Frmferiaa giat o st foma e 8 —

o feH TG & Heiftrd T&Th

o TS TS JATWISET TNY-U (Research Papers)

o wfafsa v ufemnd (Journals)

o T faraw Hfifar (NEP-2020)

e YR ¥ Yol (Indian Knowledge System) k)

REIBCRSIES ]

o Siftren e wd el T
3.4. e fagpwor i afskan
Tmifed wfec o1 e stemE ue fsdwor feram e fafir fegmt
o Toraml, e et oI e Srerst 31 JorTeneh ST

i Sifeeh TOT AT ST Tl e B EHE B ST R
T Sk ST WX forse qRIm feRg T




3-fogmw @ 3, 37 ¢, AT 038

4. afeeR fvra Y araemrom (Concept of Vedic
Mathematics)

Sfere it st T er SRORT IR ST e Ut Mo ugf
], St Stfeet ot woeet s wee, e v gt ol & '
T H HERIGT T ]l TE TG Y U Sehfoush yoned) 7, forad
Tt St ToRTeT o T o TR e wE qetent 6 S
TR ST 21 Sifee IO T T 3e TTIMT hi T ST q°T
WﬁWW(Mental Calculation)aﬁmﬁiﬁﬁilﬁ
FEATR

#fenta HfoT e

e fvra =1 Wﬂﬁﬁﬁ TEY SIgE Swami Bharati Krishna
Tirtha R Sqd o M 38 3ot gfg T&aeh Vedic
Mathematics ¥ 16 3t (Sutras) T 13 T (Sub-Sutras) T
iy fopam 81 37 AT Y WAt & T, W, o, e, e,
THYRTOT T 31 SAISTTTOT T TeTa Tt <hT SHTE STHeTehd e
ao 4 fopam ST wehar & (e 1)

et et e ofvel 3 STTER A T 0T Y iR St
BT, TATHTTh AT dlfeheh SHIA 2] SehT ST i A foremeff
ol TR ITH oL O & €T T 3, sifoh TTor shr wfska ahr oft
AT S Y G &

Afess 7fora 957 stasnRom

|Ierdar, fa, dtear 3R a=fass oA g smuaRa nfora g fa

Afzes nifora =T 27 ( Tea ey [ 3= amu
ag urdls wia ) v &\ 3 smEE Afzes nfora 16 =) 3k 3
a1fore qagf & ot A & A IR W 13 I9ET Uz smenlRa &
A =T gf 21w & “"“'*"";'*'“m it ifore @ fafr
& wu wua ¥ sfoe gRoms 3F o
;r:'msﬁagmasm = e T s Ea ¥
Tt 21
4
\ =S
"F‘m - TUTHT WY WIS AT
Sl K if o ok aﬁa; - mfore s afa oo g
=7 IOl 7 FHTY, S - i oifes
3R & wEET W1 = @) fasf@a s
|IETAH g - » zmrases sfram A
(“Less is more” #6Y 4 a nifora @51 ITART HIATI
) / \
P : ITGNT S A=A
StepTTiora

- THa & aga

- Tt amar 3 gfe
- gftensif ¥ ervras
- snrenfazara ¥ gfz
- wifora | 3% WA

Y HTH HIET B?

ug nfordta FaeaTsl ) s a s |
2w IE | FATAT & T2 A
AT 3N ANl & ATeaH A g BT e

g

Arsmfora
FresrorHfay v
@wer (Calculus)

Afzes nfora — wifora &) amaE, s 3R g a9 H aRGT gfa

Foret 1- Stfeer foTer o vyt tarerRom: e fRIvATy, SR, U SR ST F W &

@ T AL S HERIar & SR TR R1)

4.1. Sferer Trfvre o o Tyt Y Wi saTEaT
4.1.1. TeRTTErSR gaoT (Ekadhikena PUrvena)
aref: g aTer & U Afre|

SULRT: 5 T HHTH &1 ATl TRemsti i ot fHerre H|

EHEUH
252="7

o 2x(2+1)=2x3=6
o 25 (2l 5?)

3T 625

68

afe T farfer & 25 3T 25 5 O AT EIaT A &9 ART 25 * 25
forad qm i=r o oie H O A 25 AT 25 S forad
G i T 5 31 2 7 7O d 10 AT 38 & Strgd ar gt
AT 125 o |, T T 3 DI o 3 WlHAT TS S §
fSreh weTesrey g1 ST UTH Bl @ i dfeeh T o g ¥
T T ST 4 T TG ST & & HE Hohd &

3t IR,
352=3x4=12— 1225

4.1.2. Tifaet Ta@erT g9 (Nikhilam Navata$caramam
Daéatah)

arel: Tt 9 § & <ifem 10 Q)



3-fogmw @ 3, 37 ¢, AT 038

SUART: 10, 100, 1000 3T ke T3 % 0 H|

3qTEIT:
98 x 97

TEAT HHT
98 -2
97 -3

o 98-3=095
o (2)x(3)=06

I 9506
4.1.3. FeA AT (Urdhva-Tiryagbhyam)
aref: Fed (Efte) i fordep (shierasen)|

i Foet ot € w35 o

EIGUN

23 x 12
e 3x2=6
e (2x2)+(3Bx1)=7
e 2x]1=2

I 276

4.1.4. TS FITAT (Paravartya Yojayet)
el IR TR |

SURRT: M Ua SfSRTiorciier wefteRtot H)

EHIUH
2x+3=11
e 11-3=8
e §8+2=4
I x=4

4.1.5. ¥t ATRIEHSAA (Slinyam Samyasamuccaye)
arel: T §HH B W Y|

SUFNT: T FHHLON 6 FHTE H|

EEIGUN

69

#fenta HfoT e

(x+5)/(x+3) = 5/3

5x +15=3x +15

2x=0

S x=0

4.1.6. WW(Anurﬁpye Slnyamanyat)
aref: ST Wl B 1 g A
IART: TRy it wewRT H)
IETE0T:

2x +4y =38

4x + 8y =16

AT FHIFAT &)

I Ueh I o1 0T Y[ WL Bl el

4.1.7. HeheTd-STThAT TR
Vyavakalanabhyam)

(Sankalana-

3rel: S T o g

ITFNT: I T H

y=3

4.1.8. GRUTTQRUTTSATY (Pliranapliranabhyam)
aref: ot AT 370t |

SuaT: fir ue sfisrforede oS H)

EHEUH



3-fogmw @ 3, 37 ¢, AT 038

98 x5

=(100-2) x5

=500 -10

=490

4.1.9. S-SRI (Chalana-Kalanabhyam)

aref: 37T TS e F|
ITINT: e (Calculus) QT giE 2 H|
EEUSUE
iy =x2
ar dy/dx = 2x
4.1.10. ITagTH (YavadUinam)
aref: foraft =i
SURRT: TR 3 ehe demst & o H)
SETEIOT:
962
o FHI=4
96-4=92
42=16
I 9216
4.1.11. satEawty: (Vyashti-Samashti)

3rel: T S T

IUFNT: ST FHEST 1 Bl WA H fardTia e H

EHSUH

45+ 67

= (40+60) + (5+7)

=100 +12

#fenta HfoT e

=112

4.1.12. s‘rwmg%ﬁra@w (S'esényankena Charamena)

aref: Sifem 3te & Sl

IUAT: forvrsaar weror |

EHISUH

63+9

6+3=9

3 &A1 9 U foawrsa 2l

4.1.13. FUTIEH-aY (Sopantyadvayamantyam)

el ifem T ST 1 T

IURT: R sftsmrforettar oS )

IETET:

FgUEl o UEE e § 3w

4.1.14. T 0T (Ekanylinena PUrvena)
aref: e aTet & U |

IUART: 9, 99, 999 AT & UM LA H

JETET:

54x9

o 54-1=53
* OHIFH=6

I 486

4.1.15. gﬁm’agmz (GunRita samuccayah)
atef: U T Tee|

IUFT: SO Te=T Te e
IETE0T:

(atb) (a-b)



3-fogmm @s 3, @i ¢, AT Q035 #fTeRid wioT BroTet

=@ FaTERT:

4.1.16. TUTRETZd: (GuNaka samuccayah) X*+5x+6

aTef: TUTH T e = (x+2) (x+3)

SUANT: TGS TE FHflaRT et i H

. .
® ®
- »
i@ afee a1fdra (Vedic Mathematics) oy
- -
16 IFYA (Sutras)
1. gsife@= gdor 2. FAfas saavaw gvE: 3. Sedfadsang 4. wratsl dsdg 5. I AEgEHead
(Ekadhikena pirvena) (Nikhilam navataécaramam dasatah) (Urdhva- Tiryagbhyam) (Paravartya yojayet) (Sanyam samya-samuccaye)
g4 ardt & uw sifees =l 0 | 3 sifm 10 A e aiiy fordes IereER W@ w5 TRy WA 9 9T I
S e ———— m;o,lm.lmmsﬁw I : faet oft 2 FHwmal W v | gwein : wm d demfordfta wferor | gguinr - asftesoit @ aemar F
¥ &1 o .
FETEROT : 252 = 2 e o on JaTEIer : 23 x 12 | 3ETEIOT: 2x + 3 = 11 ;L"*§2=§
2x(241)=2x3=6 98 — -2 97 - -3 2 3 .3x2=6 11-3=8 (x+3) 3
25 (srafer 57) 98 -3 =95 x 1 27 @2+E<)=7 8+2=4 5x+15 = 3x+ 15
-2 -3) = o D =
: 625 (-2) x (-3) = 06 2% 2x1=2 - D0 i O
I¥T : 9506 I : 276
6. A IFAET | 7. HEbOH-mESEEAE, | 8. QIONGIOMAT], | 9. 9eH-®eEmEn] | 10. g
(Anuripye ) « ) (Piran 0 ) (Chalana—Kal ) (Yavadiinam)
srgaTa w8 @ gE I Sty 3 wera g gof ar srqof =+ 3ta7 gd we arr
szt - favra st § T ;g wefi § i : forit wd dromfordra moen # | 39w : @wer (Caleulus) § ITEm : Irur * Frwe wem w
IqETOT: 2x + 4y = 8 ITEIT: X +y = 10 IEETOT: 98 X 5 cafy = x? IaTEIO - 962
4x + 8y = 16 XY= = (100-2)x 5 =it = 4
(@t T %) +) =2x=14 = x=7 - 500-10 a’l%:zx 96 -4 = 92, 42 =16
U WY I AIHAS § "Ha | y=10-7=3 - 490 I9T : 9216
|11 feewmfee: | 12, Dwmwame SR | 13, SOeweE@Eea, | 14, teegee gder | 15, qEeeaa: | 16, Ui
(Vyashti- i) a )| ¢ 'l € a piirvena) (Guni h) (G )
e 3R wHa sifom siw | dawer Faryg ud sifas @ gE@m qd ard | uw w7 AOTHAGH W FHHEET IqoTEl w1 "Hea
I - e N @ W e | I9anT - Rsisaen aftaror § FaEie : Rt dismfovfia oen | I9EET © 9, 99, 999 W A IoN | Igd - diemfordra wga A | I9EnT : IEEEE vl wtestor
FaTEIT : 45 + 67 FaEIeT: 63 + 9 FETETOT : (FFEE & qorEs | ITET: 54 x 9 IaEoT: (a+b) (a-b) | FAFAA
= (40+60) + (5+7) 6+3=9 Frasrer ¥ Fanf) 54 = 1w 53 -a¥ it FEETOT 1 X% + 5X + 6
= 100 + 12 3ra: dHem 9 A favsa ¥ T =6 = (x+2)(x+3)
= 112 IET : 486
afzes nfora & 2 16 A 10T W |WIE, drg 3R A= F_ E & 3T # Aharan &1 $oit B 8

Tort 2- e i TfoRit 6 16 TN T Te Ikt U farfer s wferw forar

@ T AL S HERIar & SR T 1)

4.2. TSR TIOTA <6 16 T TAT 6t Gt

X = e
1 TR T T4 ATl | U A1
2 TReret Farderw g a9 @, Sifcm 10|
3 ST Fed wd fods
4 TE AT IATHT JFNT L
5 NREIEEEEED == EHH B W I
6 HATER =1 AT B W I8 I
7 TheT-ATHATHIH, e ud HeTd gy
8 TR R i
9 - AT AT T e FRT
10 AT, Toret apelt
11 SATTEAS: AT U5 EHY
12 QIO o] RHT Sifem 37 © THA
13 T Igai~<aq, I 1w AT
14 T g0 & Tl H U A
15 RIECEERCEE O S A=
16 U TUThT T Fwarl
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5. dfees nifora w1 Nferes weea (Educational
Importance of Vedic Mathematics)

Sifeer IO Sheret U ST Uk Yl R R, s I ferenfai
sfgeh, ATTes Td Retforen foremme oht weh el o oft ) s
A TS i o Rt et sy ot s e s e
o TR Y Lt ) ada e yoredt #, st foenfe o
dTfcheh TeicH, THE-GHTE &7dT 3T TETcHehal T faehrg
ST HIHT STAT ©, 81 Sfesh TioTd o1 ey meed 21

5.1. TTUTAT 6 A (Speed) H g,

Afees TfvTa o T IO TSl S T g A A
Tk T&T Hd 8| AT S TTorTet o6t &t A o 31fee
I ST, 3¢ difeeh fafert g fteram & et foram < wepar 21
frafir sreme & feranffart i momr nfe & Seorefa 9fs Bt 1
Tg foriw &0 @ TfeRiy whersti § emvieres fg gidt 8, sl awa
TeeH ST HEcvt araT 2

5.2. ﬁ'ﬁ‘iﬁw (Accuracy) ﬁ'@‘l‘l’!‘

Sfees ifvra it it swaftera wd arfehes Bt €, o mmomm &
et ot TTarT 3 21 STl 21 St et e wet e e
g S &, @ o e gdieh I A6 o T ) aRemHEEET
Tl TS Rl B R § SR forgferar oK gerar sed)
H|

5.3. AT TUET shY &TAT R faremra

%WWWWWWW(MemaI
Mathematics) En) Erel) TR Bﬂ% 1 9 formmeff fomm hIITST,
U AT FeAFIeX o ST TUHTE 7 | & S Rl &l $a 3T
TTOT S7Toh, WehtirdT 31 914 ek Gfshardt o foreh giar 81 AHfdes
TOTT <l T &7 e Sfia  oft 3t swRit farg Bt 21

5.4, TTfehen U foraoTTenes friaw w1 forermar

Sfer ifvTa ferenfefer <Rt Sheret SO e AT T frad, sfer @
I2 T hT TUE 3T IHeh GHTH o fafie aliet w fomm
m%fwﬁf&wﬁ&ﬁ%ﬂ Sﬂaﬁmwﬁmﬁﬁ?@a(Logical
Thinking) 3T fI>Jwomenss &9AT (Analytical Ability) T
foremmer g1 21 feremeff wrmrematt it T gy & 3Ee T § ik
ITeRT GHTLT STk TS @ & T a8

5.5. rfuTa 3 Wi Sfer vet aneRtagTe ¥ gy

Ik feremeft it et e we Stfeer fover wrar €, fomre swwor
I 7T 36 et 3721 Sea=T &Y STt 81 feek i ot ovet ue Uik
farfRrart wivre ot Tt 31X ST STt 81 Stef foremeff s wwr
el I ATH T ST 2, T SRl SATCH ST sl & S i
 SIfer 3Tk &fet Forenfd et 21 A HehRIcHah GTEehivT 3-eh ol
efers e shi |ty e 2
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6. freR TTTUTe <Rt UfaeTiaes UitSe=r (Historical

Perspective of Vedic Mathematics)

AT IO WY ST TR 6T e Hecarqut ST /AT ST 2| 9
YT Tt | € TTord, et fom, sanfafe qe sisrfirg o &
# forer 1 3furoft o TeT B1 W ferg=T T fora 3 e fagiat
o1 Torerer foma, forrent o forer <t ifdtefer wioreY oe oft aen
7ot T, T forrer o d@af & afde nfora 1 Sece foRa
STTaT Rl

SfeeR Tifore o1 Teier T S wifeca & Sirer STaT 81 gt
3G Ufcrerfires @rd T Afees Tl § 56 Toder Seaid ol del
fergrit 3 sfter forfir=t w1 aTe S €, o oft 7 e fFfdene @ o6
R Tt feia 3teda fashfa 3 3=1a o =i v o
TorT, Sefifer, sferfora o e o o & § Aot s
TR e, fegi 31T =reTaRt Tt 3 feremer § wecarut e feam

AT I 7 Afeeh T hi AERord &9 W R B BT
Swami Bharati Krishna Tirtha =0 STIdT 1 37T S0 1884 &
T AT 3T S T 7o forgm, areifiien o gwtemd o 3 e
TN e A&l SUTTTGT ST T HTieed T Te ST foham 319
AefehreliT e, fia T AT & SR W S
TS Y Tt fafRr o e for, for sre # At it &6
T @ wfdty e

ST Tl FHor fted 3 7 g fora o arfeer T o 16 9 31
13 37 afees wnfeer & fafeq nfordrr 3 o smenfea &1 3=
Sqlfﬁﬁ mgﬁ@w Vedic Mathematics & Joh13Ta f3ham|
FE YR 3o U o g2 FehTiTd g3 S wiver & A e
Toral # AR BT TS|

sierelt srarsat o Iered § afeen T 7 Sawrsdiy wR W o e
TR foRam| TR o SAfais fsrem, smfieT, ATeT, Sireefora
TAT 3T <0 H 30 ST SR 701 hiT XA g IF
faremferet i frast 3 gt oMt et st et %
WWWIWW@WW(Memal
Mathematics) S IECIGRIE] (Speed Mathematics) ERER:)
TEhT SURNTTT shT Tftehr o Tram)

TAYH THT T WRA & S foramert, wetfeanerar qu gisrerr
T H e mfra AT fRveqor foram ST taT 21 iRy whemet
ST T U ST ST 7 ot 3oehT iR ot Su=nT fekar srar
31 ok SAfafen T e Hifd (NEP-2020) o 9™ I
JOAT (Indian Knowledge System) o weof # oft 3feer i
foRY wec wTH g 2

7. dfgw Wi i B AC Feroreamd (Major

Characteristics of Vedic Mathematics)

Afe fora STt ferfime o agfertt 311 wreet gt o T AT
Tareqor <t weh Tt SOt ATt ST B1 3HRT S forRiyaTd 5@
arafes T e & ste s stfire st s 8 e
forsrranaty =t foreror frAfafaa @
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7.1 FLdT (Simplicity)

afeer o <t Horw FECAToT forIvaT SEehT HeTdT 31 3o T®
g i faftrt sfeq mormetl @1 off seia wwe ol #)
T T il 1 gt S % foTw s =it i sTrargaha 2t
?, I8 Sifesh TOTe o AT © S =0T H g oA ST HehaT 2

IR o T, ST AT T UM, M STAT I 1 B
Sreft sifshemd Sfeh gt Y TR & ST & S ST a8 e
ferenfofart =t fora T & glorem St @ e fowr % wfa e
I FW AT 8| WEdT & FROT Sfeew o aft gt %
foremfefalt o forg St firg 2t 21

7.2 dgraT (Speed)

afeer foTa =t gedt soge ferrar saeh s 21 78 TorT St
1 TG H e T 2| Ak Gl oh ST ¢ foremeff o g o
TR 9 B L Hdl &

foow =v @ wfoamfy oiermest S| UPSC, SSC, SfsT, CAT,
CUET T 311 Y91 WA # T et STeid Heeaqul arar
21 Ifeen niftra Y qerfient & aremm @ ervreff sfisrar @ ToMT
ehd & N oliern o Afreh T2 ol JETH T Fehd 8] FE T ]
o5 wferiilt wftemat o Q) o afees niftra 1 fodiw wee fean
ST R

7.3 WA TUMT (Mental Calculation)

Sfees wfora ferenfefart st arfires &9 @ om0 3 fore I et
2 3okt farferat U & Rk arearm @ o€ o o sy, O
ST % T | 2 b S Hehd B

TR O o T ervarma @ ferenfife i wrwor wiftw, weRmrar
3R sitfgen afskerar § gfg 2t 21w &, 3 3 sfam 6 3re-
T TorTRAY T off ST B T U E| SHE dehH AT ST W
Frredam sm Bt @ i srenfarsiear st sirer fssfia et 21

7.4 TATcHhdT (Creativity)

Sfees TitTa haret IO ITH R S gk T feraedt, sfees o
forenfefatt =it wwnst % fafie womam @iee % forg Sfa et
21 35k URUITHEEY 38 TeHTcHe @ (Creative Thinking) 3T
A S e

Toremeff foreft T i sharet Tk 13 alier 9 8 i o oI
T wremmeti o fomam T Hied 8| 3@ Seht atfehes e,
fersgeomTener Hrer T e < s o forere g 21 g
18T T ToRTeHERAT bl U Heea Ul shieTet HIT STt € AR Afesh
wifora 5@ fowm o weal ArTe <t 2

7.5 TTeATIAT® (Self-Confidence)
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St forameff stfeet it ooraety 1 v o O SR et e o
T O A €, A1 I SATcATIETE 1 forshr gt 21 i |
THSAT ITH H & STehT T o i Hehmrensh EshioT oeT &
ST S hiST T2 ol WTHAT H | T S|

TR Y= (Mathematics Anxiety)aﬁwmﬁ‘ﬁaﬁav‘m
HETaqUT T T 81 TTTAR |oberdr fier & feremmfea st
A SgdT & 3T o 31 forweli & oft See waefd & o fore
i@ B 2

8. forer o &fews v ST weea (Importance of

Vedic Mathematics in Education)

Tarear =t Sz ot ferenffn =l I Yo T T 8, sfes
qifcher @, TIguuTess eTvaT, THST SHI SISl a9
HATCHTrATE T forehrer AT oft 1 e o 3 |l ezt o g
7 e e et 2 seehl e w A fafet
forenfefat &1 niftra & wfa wehrreRe gfvshior foef #e &
TEEAT Yo it 8 frem & &7 # afew nforg & mee
reaferfiea feigat o Hresm & que ST Hehdl §—

8.1 Tl <egar w1 fawm™  (Development of
Mathematical Competency)

3feer fvra ferenfelat Y TomTeHe gwar Y faefed 0 U
TSl TS 2| §90eh Tol1 3T Aot 1ohl o (T ST ¢ feremef
ORI T ST ST SR ST o W LA T 2 WA o
AT ol el i | ATk T AT 8, 378 afesh Tivrd sl e
T T qH H gl 3T ST TR 2

it gt o foremre @ fornffay ot wexie foremerft aemey
e SRt aieTsty ST H srga BiaT 2 | €, 3 Sifeet i
G Sl STk STTCHTSTATE % 9T &1 L UTd 2

8.2 drfcher friaw w1 forermar (Development of Logical
Thinking)

wifor 1 e 3R fersdwor s fomm AT S 31 A Ao
ferenfefat bt Sharct T ae S ok e T T, afeh 3
wrreTst o e ot e whr wme 3 forg St st 2

v formeff fafirr e =t 1 @ &d €, a9 O wEer &
FHT & fou arfeher &9 @ died 8 3608 SRt frsdworcnen
egert, Tl &7 <ht Tiweran aen difehes f<ia o1 femm gar 21 78
SIS heared T deh T 2T Tad, sifeeh Siia o 1= &l |
oft 3yt firg B 1

8.3 QU THTUTT &HdT (Problem Solving Ability)
AT TITeT H TR FHTET &THaT 1 Ush HecdqUl shivret /T

ST B1 afees i forenffat s foret wmen & w9 St
FET @IeH o foTe AT et 2
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W ffim g7 ot afies foenffl 1 dsfewss &
(Alternative Thinking) fohfa st § GgmEar YoM it &
TR o FEETsT sh STe- ST IRV & ST HiEd 8
ST STeRT GHTE SARIR T & @ T I 8] I &HaT 316
Srerfores Sfiar 3 wre-He sTaETRish Sftae 7 off erveTh B 2

8.4 MU w1 T fAamUT (Reduction of Mathematics
Anxiety)

g @ feremeff wifora i i e feet forwr wra &, foen s
ST TIOTA o i ST ST B STl 81 T8 737 3ok WiRa shY fsham
1 TTerd 3T € 311 S TIfOTa & g o i

Sifees T i wter ve Trarek farfer Tifvta <6t aest 3T eTegEeh
ST 8| STt feremeff o ooy o Tt S I A o 8, A ST
SATCHIITE ST & ST T & Ifd Sert i efi-ofit o 2
TRTAT 21 6 o TITeT bt Ffergeleh Hie T 2

8.5 Wﬂ'ﬁﬁﬁ'{% (Improvement in Memory Power)

Sfeer TTfoTe wTfes TorT W iy ot It B wHfdes w9 @ e
0 o forg, feramfelart =t T, Wt o ufsrans i ame wa
TEAT B ERT R 3TITE IhT T M (Memory Power)
T ASTEel ST 2

T 3ok, AR TUMT o G ferermfofat st wenmr giet st
AT T 7, Tored St wehmrar (Concentration) ) ’ﬁ?{%{'&ﬁ?ﬁ
R ST THTUT YTk S TehTIaT o1 HehIIceh THTe 31 ol &
e O oft U= R

9. fererteat & difege foemma o afees nfora v
et

[N

9.1. UHTIET T fIhT@ (Concentration Development)
e o TS FT R T (PR R T e o) Y
T SR fa e 21 s formmeff st SR e e e
3TTed et B efR-¢fit ST B STeHT 1 AT 2 SR T T
T el WHA T ST ahisd A ol AT s 8l

9.2. faduwurewss  @wAT  (Analytical  Ability)
Afeep TOTQ F STET-STCHT T ST qeheflehl T ST ek T
T T S IRl @ T FoRAT ST 81 38 fernfie A 9w wwer
forenfire gieft & fop foreft T bt StemT-a1er gfgenion & & S
R T fopam ST Tepat 21 At ST forsdwomienen |t i AR
LT 2

93. Tl emar  (Decision Making  Ability)
Stof forameff asft @ ferelt wrmen o1 @) g feprer diwd €,
37k e foig o i e ot Tl et 21 3 @18 @
Higd 2 fop -4 oot St <ot 37wt afeom )

94, T@ATHer AT (Creative  Thinking)
fees TG § SRR U FHEAT % S GHIEM GWd Bid 8 369
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foremeff ©2-teTe et & ST T ST T i WisH v 2
REEEEIRCEIERI of (creative thinking) I aGIAT 2 3R “out
of the box™ @reH & 8|

10. gfeanft oiemstt ¥ dfew wfoa &
IgAfET

gfeemft whiemd @ UPSC, SSC, Banking, CAT, CUET,
NDA e § niforq X anfeher arwar (Reasoning Ability) T
TG FECAU] T BT 81 3 I3 H haret Fel I o1 & e
T B, dfeeh w0 T | rferes U ger ST WY ATavas
BT &, ifeh wr-EfT srga wifera St 21 Afees i gw feufa
3 HTEH B TUHT H S5 ot 3R TS ST ST 2

10.1. SEERT Aged TH TR THEAT AT TehelT &:

10.1.1. WO  HY  wEa (Time Management):
e TIfTa S qerrTeR § Tt SR SIfeet MUATE Bie =N H 5
B STt &, Forer v s e T 2

10.1.2. st a o A HET:
aregeff Afees oMt (mental calculation) % R STt ST
frentet Teha €, FTE@ SR TIfT (speed) Tt 21

10.1.3. aiehar U g (Accuracy):
A LU | TUMT B o ShI0T Tetdl Bi shl GHTEET &hH 8 STl 2,
e 3o srfres wdien Bid 8

10.1.4. Ufaegeicqss @ (Competitive Advantage):
STt fererreff Afeer Tord st ST s €, o e H qadi shi e
T SAfereh I BT X UTd &, Fored 3ok = Y T a1 ST 2

11. s forer Fifer 2020 va Afees v

Tt frear Hifd 2020 (NEP 2020) wRa i f3rear yomef #
TEeqt U 21 39 Aifd 1 v v sew @ o frew § e
amgfiw I9 & T, afcs WRdE F WO (Indian
Knowledge System) o «ft Tt 3R STy

Afep O et TR T O T T Heaqu e HIAT ST
2, Foret wrefier srefier nftrefrer farfrt s e wmfier 8

11.1. 39 38 TR’ THEAT AT TehelT &:

11.11. 9RdAET 79 WO & @HE
NEP 2020 78 T & o T AT ST 1 Somedt i stmgfen
1T o6 | IS S =TTew) e T 36w H U weeet
foremr 21
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11.1.2. qTgAH u TUM:
T A O ohi T S HITST 6 TSASHH H I FFT S,
ar feremeft st wrforefier ooRTS Wbt SEaT At & e weR |

1113, difgw iR wiwphew e
ow forenfefat & 7 Shaer TR ivter s, Sfees 3 3Tt
TEEpfd ST o R +ft wegw

11.14. RGie) qgrar H afg:
Afer Tfora it e TR A AHeATRT & Feremefadt ot TorT Ew,
TIfer S ehaT § e B 2

12. FHRTA Faw W Sfeer it

o1 o1 g1 fefree ofit aeeiteht (Digital Age) 2, &1 & &
T AT, TR ST TTeT TTUHT sht STTaehal Bt 81 U8 v 7 off
Afen TifvTer < UATAT SR ST feRaT e 58 2

12.1. 38 fafir= & § 38 TehR SHET ST HehdT

12.1.1. HIX o= (Computer Science):
afeer i % %@ §F a5 oS T F F HE B 2 3R
fagidl &1 ST ¥ el § Rfvee affe femme ot
ST SRR 3hi ST ST o6 o1, FohalT TT21T &) 36l <21 ST
AT FRIA &1 el 21 SHfeh T o Toheeromeht S et # oft
A HE@qU] ARTEH & I UG H fSforeet Ter 7 37 37
SRAITT STeT Sl TR T & TIT ITEaS T ST hd & 37
UTHTET h! T T g0 TSR TIUTA T SUIT o ok & Teeh TiTa
o TN & IEES AT ¥ Sfeh Ated s o et oft 2o
I Are H STEHAdT & ITH Ert

1212. &BW  FgAAT  (Artificial  Intelligence):
Al 3R 737 @i & wemien (algorithms) &1 nif S geran
& HeeaUl arelt 21 fdeh fora o omTenes i o o et
o farfert Ye d €, S UeTiiey S 3Tk et she o
e L EH o

12.1.3. AT foram (Online Education):
3T 5§ e 3R Jgge Se Afee v % i =

T 8 7a@ foremeff oX 9 ST & St dohich Hie TeRd § 3t
Aot TTOTCRRT &TaT G TR <

21.1.4. 3feF TR W wA&EAT (Global Acceptance):
Afes TfvTq 31T Faret WRa a% Wi T 21 S A F W T
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Sehfeueh ST THTet iUt foTeroT Ugfar & ®9 & g S
T ], @R A8k AT (mental math) aﬁg%xr{%éafam

13. afees nrfvra <Y Hiamd

Sferer T o oS IR ©, S AT TTUHT S AR foen, e
h D Hifa aer (limitations) oft %, =2 e S R

13.1. 39 TH TR THEAT T kel &:

13.1.1. A @@Ereli W EHH ®9 W AN AR
A TIOT T TT ToheiTeh B SoRTL ohT TTTUTC T AT 0R AT el
el F® S T F GRANG (standard) Ffert 3tfemep Swmtt
&It €l

13.1.2. IAT i ) it ITET:
3= TaT Sl T 8 A (Caleulus), TR (Statistics), 3T
ST SISHTUIT (Advanced Algebra) B HehT ST=iaT Eftfirg ot
STt 2

13.1.3. wtvrtera Torerent £} i
Ifees nifora &1 @& Wk @ weH & forw foiw ufsreror it
SATTTIHAT Biell &, i UH TiR1Terd fRTerer 8t Sive Sueisy et
Hi

13.1.4. TSI ¥ Hifta TUM:
a&wﬂwﬁﬁsﬁmﬁ%ﬁq@m%mﬁwﬁaﬁmﬁa
H%T%anm% WW@WWWT@%WI

13.1.5. e HTOT w Terame:
Afeh 7T o YfeTiéren A TR 39 7o WY 1 e [agHT
T TAT-3TT A T4 STd &, Forad saeht grnforendr ox <=t ot
&R

14. Freene

STEI U TIE BraT © fo e wiora mor S wes wrelt ue SuRivt
ot Bl T Tt it nftrdr qarar, arfehes fiaw, wen
GUTI &7 qeT SATeHTIaT ot faenfda et 31w frem
Fifer 2020 T Tt I Yol F aRSed # 36 e I oI
ST 2

AT 38 FerenTeri U 3= fReT o TIadsh § wford &9 8 At
ToraT SITQ, T g ioTa RreAT shi TurerT § YU U o wre-are
ferenfefalt o o sifeer foremer 7 oft et AvTem ¢ werdt 21
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ABSTRACT

March 2026 witnessed numerous significant events and achievements in the fields of science, technology, defense,
and space research. This article presents a concise overview of the major scientific, astronomical, biomedical, and
defense-related developments that occurred during the month. Notable astronomical events, including the total
lunar eclipse, the Venus—Saturn conjunction, the March equinox, and other celestial phenomena, attracted
considerable attention from both the scientific community and the general public. In the fields of biology and
medicine, the successful testing of a laboratory-grown esophagus and new findings in cloning research expanded
the prospects of medical science. Advances in physics and particle research, including the detection of new
subatomic particles and preliminary studies on antimatter stability, opened new avenues for scientific exploration.
Furthermore, India strengthened its strategic and technological capabilities through initiatives such as “Vision
2047,” record-breaking defense exports, major defense acquisitions, and indigenous missile and technology tests.
Scientific conferences, science carnivals, and observances such as World Water Day contributed to the promotion
of scientific awareness and innovation. Overall, this study highlights that March 2026 was marked by significant
achievements and progressive initiatives at both national and global levels in the domains of science and
technology.

Keywords: Scientific Events, Astronomical Events, Total Lunar Eclipse, Worm Moon, March Equinox, Physics,
Antimatter, Defense Technology, Defense Exports, Missile Testing, Science and Technology.
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ABSTRACT

C. V. Raman's relationship with Germany was complex and significant. It encompassed early intellectual influence
and scientific collaboration, as well as professional disagreements and his support for German scientists fleeing
the Nazi regime. Early in his career, Raman was deeply influenced by German science. The German physicist
Hermann von Helmholtz and his book On the Sensations of Tone had a profound impact on him, shaping Raman's
early research in acoustics and the physics of musical instruments. Raman was fluent in the German language and
maintained communication with German scientists throughout his career. In short, Raman's relationship with
Germany was a blend of admiration for its scientific tradition, active collaboration, humanitarian support for
German scientists, and strong academic disagreements.

Keywords: Optics, Overtone, Spectroscopy, Spectrum, Harmonic
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