Contribution of Ancient India to Green Chemistry

(ERa W # yiaT 5RA &1 A1)

1.3@'&7[ (Introduction)
arie 3R H T faaeT hael qaraf & HA0T do @A g o, aicsh yaf, aaawor

3R AT FEREET F Hder W MR Tl
3T {3 & Green Chemistry (8T TAI) Fga €, 3T IGUROT HI SA@@IRS T2NT
eF Frar ¥ & IR & gt T B

2. gRT TR Y IT9IFAT T UHASRAT

(Need and Relevance of Green Chemistry)
TR hdT:
1. YATEIOT GGNUT &l HH e 8
2. T AT & 39T A FAT
3. Foll HIETT
4. YThfceh HATUT I HIETOT
5. AlAd TAELY HT et
YT
o JNHINFOT F TE&AT FGTOT
o Searyg qRade
o feHIF TG (Sustainable Development)
¢ safaT gRa Targe st d g, sfasy f ot sraeaFarg|

3. gRd e : IRt
(What is Green Chemistry)
T W a8 ar@r §, 5 0 TEEfAE 3curet 3R ikt & Bened, A 3t 39

W Hfed g, T8 afaers ggrat &1 AT it suer sgEaA

4.3Ra T & Ry

(Principles of Green Chemistry)

g T & 12 Rquia &, o= wogw ¢
1. 39frse $r JhuH
2. GA] 3regaE
3. %A fawerd yeraf @1 3ugmr
4. & WA F 38T
5. FRiEd Hieded
6. il g&fdr



7. AdONT wTd gerd

8. 3cU¥al (Catalysts) ST 3TATIT
9. UYTAT 3cUIg

10. GECHAT T FHTGAT H FHall

5. §Rd TR & U
(Components of Green Chemistry)

1. Hipfdeh sedr Al

. AT-HUHEAT gy

2
3. FAl-G&T cIehsileh
4. 3R Imaia afshare
5. 39fse gate

6. U #RT & gRa s &1 MR+ e

(Historical Development of Green Chemistry in India)
UTieT TR TAT S

o HIAG

o 3Y4AE

o & Higdr

o THARA IY
# grpfcieh Ud qATaROT-37hel TG Gishan3it &7 Seoi@ fAeldr B
r 38 A

o Tave TR ST FgAdH g3

. SR S ([, )

o ol AT (Recycling)

7. 3w argwd 7 R Rt
(Green Methods in Vedic Metallurgy)
(%) witg (Iron)
o g T H FAAT
o TIPS & I BT FIMET
o HA AT W yfshar
o FgAdH 3fSE
o TAAROT- 31Tl YT FT SeTE0T




(@) aTeT (Copper)
o UThfdeh TR HT 3TN
o TT ¥ UITT FolFd
o TS ITUTRA QMereT

(3r) STEAT (Zinc)
e Zawar Mines (JISTEYT)
o TSRcae awdis
o &HH Fofl @Id
v faea &1 ugell gRa s&ar faseyur desiie

(4) 9YRT (Mercury)
o (HATEH H ARG 3u3ler
o YETARIOT (AMere) Ffshare
o ElihReh THT ha il I fafer

8. ¢ Shas & eRd W &1 Aee=

(Contribution of Green Chemistry in Daily Life)

1. Sifdeh |rge

2. grpfdsh a1

EN CCNCCILY

4. STAfSATS ToliEesh
5. GR Fof 3mTRd 3c91g

9. &R WWRE & A8y
(Goals of Green Chemistry)

1. I 3UfRrse

2. @fara e

3. Foll EYETor

4. ATETOT HIETOT

5. dd fasme
10. YTl HR FT AT - Iyfas west &
gele R myfa+w gRa W

que'f(:lcrv hTdl HATA Renewable resources




yrEe $Ra Iryfa® gRa @
FH FoT gfehar Energy efficient processes
Yot 39TeT Recycling

QSIDTF&}IFT QIIT:I_;EH-LI Sustainable metallurgy

Green Solvents

@Ra faars)

1. 5Ra Rems a1 &2
(What is Green Solvent)

gRd fad™F (Green Solvent) 3 e gld & S
. & aver g
. TR % fow GUEd
o AT TRLY W 7GeIdH FHT STed
°r 3?\?"@[: WRETF fa¥a AT (benzene, chloroform 3MfE) &1 fasew 4|

2. 3Ra s & &R
(Types of Green Solvents)

1. Sfel (Water)

2. Sg-3raRa fRems (Bio-based solvents) — ethanol, ethyl lactate
3. A+ g (lonic Liquids)

4. gRfwfewd ga- A9 &7 & COo;

5

-

37 gyefFes dicded (DES)

3. 3rafA® & (lonic Liquids)
gfemT:
AR gad FIdUT g & S ad (<100°C) X Gd 37GTAT H B &

3.1 3afAs gar Y T I

(Simple Preparation)
AT T

o UHIGEIAF Fema

o U FFMAG/FEASF T
3aleduT.

Alkyl imidazolium + halide / tetrafluoroborate



v fafern

Quaternization reaction Ud anion exchange

3.2 ¥AfA+ gal F YK

(Type

1.

2
3.
4

s of lonic Liquids)

Imidazolium 3TeniRa
Pyridinium 3TenRd
Ammonium TR
Phosphonium 3enRa

3.3 3rafas gal & o

(Prop

1.

2

3,
4.
5.

erties)

3T HH a™T g
. IR-=acrerefrer

3Tg ad FERar
3chse TaoreT &TAd

gﬂzww

3.4 3rafa® gal & regaanT

(Appl
1

2

3.

4
5

ications)

. BRd s & ®9 A
. SolFgIhiHGE 3YHIUT
Ferfarad

. 39 gYEFRToT

. BHEEHS 3T

3.5 dIafad AATFABRT & 3afAs g

(lonic Liquids in Organic Reactions)

Friedel—Crafts reactions
Diels—Alder reactions
Aldol condensation

Heck Td Suzuki coupling

P oIl

3= 397
A 39fASE
AT GO

4. gRIFRFT Fea SEIFEES



(Supercritical Carbon Dioxide — scCO,)

4.1 3y

(Preparation)
S CO, FI:
o dY>31.1°C
e CId>73.8bar
W TG ST § — R ihfehe rawam

4.2 901
(Properties)

1. g Sar foaror

2. &a S faemae &7Adr
3. IR-faver
4. IR-Sacrerafrer
5. FE&T 3R A § 3Yeley

4.3 ATTIIT
(Applications)
1. FPeT fAsHIor (Coffee decaffeination)
2. &ar 3¢anT
3. difeldAY Srafder
4. gRA faemae
5. ZRIACEIH

4.4 9GO 91T

(Environmental Impact)
HPRIcHSD:
e VOCsH HaAT
o YqyUT Igd
o Tl: 3UANT AY
HaAe:
o 3T Ald 3Y9hIUT
o URAS oRETd 3Hfeeh
¢ Tl THETR 9eaor & faw arcad srefgel|

5. 3rafa® ga qaw gRiFRF co,



arsq are 0 )
fAueFaar @A el
geT: 39T g &
CICIGH fes qEIH
JATGROT GHTT el TgAdH

1.9 : & gRd Reas
(Water as a Green Solvent)

S TS 3T T R S arelt wip foes, W, gRiava AR aieror-argge e g
U FRUT ST I A G gRT faeras AT ST g1
s # gRa e Faf AET S1ar §2

1. IR-fader

2. IR-sae=efer

3. TEaT 3R F@9T 39y

4. 9ITEROT & U FIiErd

5. 3\3’-31?-__@3_0{ (biocompatible)

2.9 & W wd WA
(Advantages and Limitations)
Gt E
o 3UfAST H FHA
. T AR gl
o 3THIT GUFHIOT
o Soll YT
e
o TN FEferer AFRT A gorerelierar &
o So-gacAeNe fAfRaT gwa F@r

3. gRfwfewa Ser

(Supercritical Water)

qismT:

S STl
e dIYHTT > 374°C
e CId>218 atm



W I ST &, 9 96 gIfhieFHe ST (Supercritical Water) Fgellell ¢ |

o
1. gdrgdr & war
2. FEfAE AR i gereierar ggdr &
3. 3= AR

4. AT TRTAAT I

3TN
1. Ielfeleh TLIYOT
2. 379fse 3TAR
3. 3T JIfAfRITT
4. W grafHeT

4. STl A Diels-Alder 3fRf3FaT
(Diels—Alder Reaction in Water)

gR=:
Diels—Alder JITRTFAT TR [4+2] ATSFefBeT 3TATHAT 1

S H g F o
1. fAfRar $r aifa & gefer
2. 3T 394
3. HA dYHATT ST HTIRIhdT

4. gIS3IHIfae T8TTd (Hydrophobic Effect)
¢ STl H Diels-Alder 3fohar sitdffars Aicdew @ Jorem # 3flw wemdt gich 21

5.57ef ® 3TUTOT (Catalysis in Water)

5.1 97 # Wifaw itFdor

(Aerobic Oxidation of Alcohols)

el — Ufesgss / e

3UF:
¢ Pd(ll) / Bathophenanthroline

o TS (gaT) FdSe F FT H

IEEIL GG
1. YITGUT-31cIhel 3TaFdIhRe

o BON



2. Tavor TSt v 3MaeISdr FET
3. 3Td dIddTcHN Al
4. GeT: 3YANT AT 3IRE
¢r I8 SThaTgRa ifeHIwIor s 3chse 34T &

6. ATSHIAT-TEIAT FRTBHIT e A

(Microwave Assisted Reactions in Water)

TR

ASHIag fAfHRToT & 39T & ST A TR,
o 30F Ao
o Soll-gal
o HH FAI H OV

1. HATHIT §AT 7 A FAY
2. 9§ 39T

3. &H Fol @Id

4. FgIaH 3afrse

N

e Knoevenagel condensation
¢ Multicomponent reactions
e Cyclization reactions

7. 9R9RF RAea™F T3 Fo
feryar IRIR® e I

IEAIEGGI 31w er
Saoaeferar & EH
CIEGE 3 g HA

JITaRUT Y371d gl fera
Green Synthesis of Organic Compounds

(@Ra weavor: FEfaF i)

1. Green Synthesis 4T %?
(Definition)



gRd HAYUT (Green Synthesis) ag Tfhar %,WW—W, gw’r‘ﬂ?r,aﬁx Foll-caT
R T WA AR RT S 2
3aRT:

o TANTEFT TEEST B S AT e

o 3MAfISC T gATH AT

o 3 Ud HaEME H gad

2. 99@ A WRAYUT 3gTRIOT

() Adipic Acid
o URYR®: HNO, HTFHIEROT (TATEROT ElfiehRen)
e Green: H,0, IT dIhelfolited JTFdIhIoT

e Solvent: Water / lonic liquids

(&) Catechol
* UIhideh Al L-DOPATT Phenol oxidation
o gRa R H,0, + Fe catalyst (aqueous medium)

(31) BHT (Butylated Hydroxytoluene)

e Antioxidant synthesis
e Green route: Solvent-free Friedel-Crafts alkylation
e Catalyst: Solid acids / lonic liquids

(&) Urethane

e Green route: Alcohol + Isocyanate in water or solvent-free
e Solvent-free and energy-efficient

() Citral
e Terpene oxidation
e Biocatalyst: Enzymatic oxidation
o  Water orionic liquid as medium

(=) Ibuprofen
e Traditional: multi-step, toxic solvents
e Green route: One-pot reaction in water or ethanol
e Highyield, less waste

(&) Paracetamol
e Traditional: Acetic anhydride + p-aminophenol (organic solvent)
e Green route: Solvent-free or aqueous acetylation
e Reduced energy consumption



3. 97 gRa FfAfFaTT

(Green Reactions)

3.1 Acetylation of Primary Amines
e R-NH, + Acetic anhydride - R-NHCOCH;
¢ Solvent: Water / lonic liquid
e Catalyst: Mild acid/base

o 8T GTEROT FIET, high yield

3.2 Base-Catalyzed Aldol Condensation
e R-CHO + R’-CHO - B-hydroxy aldehyde - a,B-unsaturated aldehyde
e Solvent: Water / Ethanol
e Catalyst: NaOH / K,CO3

e Green benefit: Solvent-free AT aqueous medium

3.3 Halogen Addition to C=C Bond
e R-CH=CH-R’ + X; = R-CHX-CHX-R’
¢ Solvent: Water / lonic liquids
e Example: Bromination of alkenes

o RO FiErT

3.4 [4+2] Cycloaddition Reaction (Diels—Alder)

e Diene + Dienophile - Cyclohexene derivative
Example: Furan + Maleic acid - Endo-adduct
Medium: Water
Advantages: High yield, mild conditions, eco-friendly

4. Water / lonic Liquids in Green Synthesis
o  THY reactions H solvent-free TAT aqueous medium Fr ﬂﬁ?ﬂ
e Energy-efficient
e Waste and toxic reagent FT A FIAT %’

e Easy work-up & isolation
Green Organic Reactions

(@Ra Fefa® FATFAT)

1. Rearrangement Reaction
(Benzyl-Benzilic Acid Rearrangement)

qfsimsT:
Benzyl-Benzilic Acid rearrangement & a-diketone (benzil) 3T 31TER (base) Fr 3utEafa Ha-
hydroxy acid H S&aT ST gl

Reaction:
Benzil + KOH = Benzilic acid

Mechanism (H&iq #):



1. Base ¥ enolate formation
2. Phenyl migration

3. a-hydroxy carboxylic acid T fa&ToT
Green Aspect:
e Solvent: Water / Ethanol

e Mild conditions, & 3T9fIse
3T

e Pharmaceuticals (e.g., antiarrhythmic drugs)
e Organic synthesis intermediates

2. Coenzyme Catalyzed Benzoin Condensation
(Thiamine Hydrochloride catalyzed synthesis of Benzoin)

qfsime:
Benzoin condensation ¥ two aromatic aldehydes (benzaldehyde) ST condensation 1Y a-

hydroxyketone (benzoin) ¥ gl
Catalyst: Thiamine hydrochloride (Vitamin B1)
Reaction:
2 Benzaldehyde + Thiamine-HCl = Benzoin
Mechanism (H&iT #):
1. Thiamine forms ylid (nucleophile)
2. Nucleophilic attack on aldehyde
3. Formation of a-hydroxyketone
Green Aspect:
e Water / Ethanol as solvent
e Biocatalyst (Vitamin B1) - Non-toxic, biodegradable
e Mild temperature, high yield

3N
e Pharmaceutical intermediates
e Fine chemicals

3. Pechmann Condensation for Coumarin Synthesis
(Clay Catalyzed Solid State Synthesis of 7-Hydroxy-4-Methylcoumarin)

s
Pechmann condensation & phenol + B-ketoester &l condensation ?IT*T coumarin derivative So1dl

gl

Reaction (Example):

Resorcinol + Ethyl acetoacetate - 7-Hydroxy-4-methylcoumarin
Catalyst: Acidic clay (Solid-state, e.g., Montmorillonite K-10)
Mechanism (H&1q #):

1. Acidic catalyst ¥ ester activation

2. Electrophilic substitution on phenol
3. Cyclization - Coumarin derivative



Green Aspect:
e Solid-state synthesis - Solvent-free
e Recyclable catalyst (clay)
¢ Mild conditions, high yield
3991T:
e Pharmaceuticals

e Dyes, Optical brighteners
e Fluorescent probes

4. Green Chemistry Highlights in These Reactions

Reaction Green Feature

Benzyl-Benzilic Acid Rearrangement Water / ethanol solvent, mild base, less waste
Benzoin Condensation Biocatalyst (Thiamine), agueous medium, non-toxic
Pechmann Condensation Solid-state, solvent-free, recyclable clay catalyst
Green Organic Reactions

(ERa Fefas sfAfFa)

1. Electrophilic Aromatic Substitution (EAS)
(FaTeifrfos W Ferdicgue sfafFam)
qiyeTT:

EAS @8 3iTifshar ¢ forasl viifes Rar W saweifsfas @eqg Sfsar &, Siafs gsgioe
fArehel SITaT B

1.1 Nitration of p-Phenol

fafea:

p-Phenol + HNOs; = p-Nitrophenol

Green Aspect:

e Water-acid mixture IT dilute HNO; &T 39131

e Mild temperature, HH 39TASET
e (Catalyst: Solid acid (zeolite, clay)

1.2 Bromination of Acetanilide
AfRTHaT:

Acetanilide + Br, & p-Bromoacetanilide
Green Aspect:

e Solvent-free AT aqueous medium

e Solid support (clay / zeolite) 9X THIT JTAT &

o HH FHY, 3TT ITATcHDdI

2. Green Oxidation Reactions

(&R 3itediwor fARTRI)

2.1 Synthesis of Adipic Acid



Traditional: Nitric acid oxidation - Environmental hazard
Green Method:

e H,0; oxidation of cyclohexanone

e Solvent: Water / lonic liquid

e Non-toxic, less waste

2.2 Preparation of Manganese(lll) Acetylacetonate
Green Aspect:

e Solid-state synthesis

e Solvent-free

e Mild temperature

3. Zeolite Catalyzed Friedel-Crafts Acylation
Reaction:
Aromatic compound + Acyl chloride - Aromatic ketone
Catalyst: Zeolite (solid acid)
Green Benefits:
e Solvent-free
e Recyclable catalyst
e High selectivity
e Low environmental impact

4. Ultrasound Assisted Reactions

Ereemfas HfATFATY)

Definition:

Ultrasound (20 kHz—1 MHz) & ATEIH & fATHRAT der 3R Foll-gaT gidr &1
Applications:

1. Esterification: RCOOH + R'OH - RCOOR'’
Saponification: RCOOR’ + NaOH - RCOONa + R'OH
Substitution Reactions: Halogenation, nitration
Alkylation: Friedel-Crafts alkylation
Oxidation: Alcohol - Aldehyde/Ketone

6. Reduction: Nitro - Amino
Green Aspect:

vk W

e Solvent-free AT aqueous medium

e Reduced reaction time
e Energy efficient

5. Cannizzaro Reaction

(oY arf#feam)

qRHTT:

3-1'%313‘5’ (%I'\':DEI' o—H Hﬁ) <hT aqueous base & disproportionation geh U alcohol 3R T+
carboxylic acid H 9o ST

Reaction Example:
2 Benzaldehyde + NaOH - Benzyl alcohol + Benzoic acid



Mechanism (&9 ﬁ'):

1. Hydroxide ion attack on carbonyl

2. Hydride transfer

3. Formation of alcohol + carboxylate
Green Aspect:

e Water as solvent

o No toxic reagents

e Mild conditions

6. Green Chemistry Highlights in These Reactions
Reaction Type Green Feature
EAS (Phenol, Acetanilide) Solvent-free, aqueous, solid acid catalyst

Oxidation (Adipic acid, Mn(acac)s) H,0, / solid state, non-toxic

Friedel—Crafts Acylation Zeolite catalyst, recyclable, solvent-free
Ultrasound Reactions Energy-efficient, fast, water/solvent-free
Cannizzaro Reaction Water as solvent, base-catalyzed, non-toxic

Real World Case Studies: Presidential Green Chemistry Awards

(@Fafas giadar & 3emeor - gRT W R, EPA)

1. Surfactants for Carbon Dioxide
(FTaeT STFIHTFARS IMUTRT Thaeew)
WRORETT HHAEAT:
e Precision cleaning 3R dry cleaning #HVoC (Volatile Organic Compounds) ) smog-
producing 3R ozone-depleting solvents ol 39T

o  TIERUT 3R AT WY & U gliaeR|

Green Solution:
e Carbon dioxide (CO,) ST 39T solvent & T H]|

e Surfactants & HATEIH ¥ CO, H gal 3R el FT JTHET & §EIAT ST ThdT &
T

e Ozone Iayer?fIDTf&}IH

e Air pollution &hH

e Energy-efficient process

e Dry-cleaning 3¢9 & fow '{I)Tfﬁ?f 3R sustainable

2. Environmentally Advanced Wood Preservatives

(TATEROT-3TF el AFHI FI&TH)

WA HHET:
e Pressure-treated wood H Chromium (Cr) 3 Arsenic (As) ST 3TN
o I AT 3R ueh A ggfaT Far B

Green Solution:



. a‘-|'§ digr & wood preservativesﬁmﬁ Cr3iR AsaT ?fl
e Alternative metals 3iR biocides ST 39JaT|

e Toxic metals ST faSarr T
o TAEROT 3R AT T FRI&T
o fCH> oTHar TX&TH (Durable & Eco-friendly)

3. Green Synthesis of Compostable Plastic (Polylactic Acid)
(PFNETT TATREH - PLA)
ROIRETT HAEET:

e Conventional plastics non-biodegradable, petroleum-based|

o AR F @ T aF R §
Green Solution:

o Polylactic Acid (PLA) &T fS#TIT corn (maize) |

e Enzymatic / fermentation route, energy-efficient, biodegradable|
T

. q‘\ﬂ e & compostable

e Renewable resources

e Packaging 3R disposable productsff 31—?341?{

4. Healthier Fats and Oils by Green Chemistry
(Enzymatic Interesterification)

WROIRETT HHAEET:
e Hydrogenation H trans-fats T ﬁﬂ‘l’UT,aT gad T FT HROT|
Green Solution:
e Enzyme-catalyzed interesterification process|
e Fats 31 oils & fatty acid chains @1 rearrange fohaT SITAT g, trans-fat-free oils ST &
fera|

e Healthier cooking oils
e Non-toxic process

. Energy3-ﬁT solvent & 3TAT

5. Naturally Occurring Protein for Plant Growth
(Tpfas W garT F FUR)
WRETT TAET:

e Chemical fertilizers - Soil degradation, water pollution |
Green Solution:



e Naturally occurring proteins &T 39J14T|
e Plant growth stimulate, crop quality improve, yield ¢ T
e Diseases suppress FIA FT 7T

e Chemical fertilizer

e Soil fertility maintained
e Sustainable agriculture

6. Fully Recyclable Carpet: Cradle to Cradle Carpeting
(T &E ¥ Y:THhOT AT FRYC)
WRETT AET:

e Nylon carpets non-recyclable, landfill H ST gl
Green Solution:

e Cradle-to-Cradle design: tj\ff carpet recyclable]|

e Material FT reuse THT, zero waste approach |
ot

e Landfill waste hH

e Resource efficiency
e Long-term sustainability
e Circular economy support

7. fas&Y (Conclusion)

e Presidential Green Chemistry Awards & I 3cladvT g %" ﬁ#a’ﬁﬁ' T ST 9T
% vahremen @& @iffa 7€, sfos avafds seer 3t worer # saiaRor guR A
a2

1. Renewable resources &I 39JTaT

2. Toxic substances 3T Gl

3. Energy eﬁ‘iciency34ﬁT waste reduction

4. Human health 31T ecosystem <l HI&OT



