Unit-11

A)Gravimetric Methods Of Analysis

UTferates® g 1 ffrgid (Principal of Gravimetric Analysis) Ts THTIAE frwor qgia g, ST =991
(Mass) T STANT Tk Tohell (AT FTRI AT T il ATATHEAT T LT FLAT gl TG Tk FAT Helah 3T
Fraaeiia fafer &, s wramafaes afafrsit o S Soosr g1 aTer 319 STaTel o S| R AT 9Y SreTa
gt g1 = fafer &7 ITFNT ATHT=: 0], A= AT ATRE 6 A7 T2 |77 7 Faiig w & o frar sar

2l
arfaafes fagwor 1 et
1. TErEEE gfatwar:
yriasfes g § ga9 gge T | gated #r gl TEH FIe T THTIA
STIET SITAT &, ATeh ST ThaT & Tiomaeasd ST (pr ) ST 211 T I ARE 3 aT
T TR T Fehareh graT g, Sreehr /e F forw, afe g/ =TT (Ag) T AT AT
FIAT 8, AT EH I FAR (Cl) F Tq1 FTAT e F<T FATsT (AgCl) T9T
2. Y IATE HT TAHIT (Precipit atRyn)?
IR 3 T8 Iad g < T 7T T & T AT SITaT 81 =9 920 § 7g
gt ST smar g AT AT ATA I T&TS TATHAT geT (AT AT
3. g@mMT i feva:
U TohU T S 9aTe &l FT IEHT FAHTT TTIT STAT 5| THE o0 92T &l IF qTIAE 92 @11
STAT &, aTrer et AT TRt ST 7k 7= AT | foreft oft g o7 afade oo & gt
FT FHAT &, TAIONT T TfHAT HEea T |
4. FSAHTT FT A
@ % F18 316 IATE HT FAH U AATIF Tl ITRLUT SAH TAFEI[oh oA T ITTRT HTeh HTAT
STAT 81 TH FHT & TIARAT H§ AT o J7el dcd sl /AT ¥ TUET 6T SATAT Bl
5. HTAT &t AT

FSATE o AT I, AL A (molar mass) 3T TelZahlald T SITUTd (stoichiometric ratios) FT ST

Fh, 39 T AT ATRIE %0l Teldh HIAT 0l TUMET %08 ST g1 TG THAT Tgd ATaeT= T & i Sl g arreh

Tl | TUET I T 2N

Trradfeen fagwor i fagaard:



o ToHAT:
T fafer srera adis gy € FiTh a8 Rt T TohTe o qTIHTE 37 So90T9 & dedrd § Ty Tarted
el BId g1 Tg fafer ST i T87T o ATl Il &, AT ST TeH TaehdT & (1T ST g

o ToEAT T LEAT:
= f3fer & Seure it ggar gRtEd w3 & o e eae fa=m strar g1 Bt oft s 71 srgrg aa
AqTA g IO T TATTAT FHT qHaT g

o HMAIIHAT & HTHATL ALITE:
Fft-Feft TfaferaT & a1 Iorsr g1 aTer 319 A0 & i off 90 o ST |ehat 8, S foeeetianeor a7
KSR REAG]

TfeRfes AT F Sargem:
it Y 7T w1 Rt

AT 1TorT 3 U T # =7aT (Ag) F |/ A1

2l T T ST &

1. =TT T HI greg Al 77 (HCIRET FT ATal FAEE (AgCl) I8 FFaT strar
2l

2. AgCl &7 fthea? Feeh 3Ter o

3. 9@ g AgCl FT §oaHE
g, FAITH AgCl 3T =

STAT Bl
STANT T2 FTal it AT 71 Heieor BT smar
& ST BT 2

T

TfeAte® fEeeor v qarates Haer 2, ST S| ATO o 9reqy | fFeft aea = Fes ff qrm @
fRreteor et 81 77 fBfd g adamar, Reaae =T i Ear 6 Tl arel TETF=H g & o arael
ST g THAHT & [Hgid 319 9aTe (precipitate) % TS| &l HTTHY el e T FTR1 T FTAT 6T T07AT
FLAT 2

fRrgias it g2 & safen (Precipitate) ST AT Sfi< o1

FferT (Precipitate) FT fAHTor

waferd (Precipitate) I8 19 TaT 2raT g ST ot Tramrtaes STafraT o <= U e+ (solution) # Seq=
SIAT g1 ST& T STl § TETATe A haT gl g 3T TUTHEa®q s STATH 319 (insoluble solid) TaTel Iea=
BT €, A1 T8 AATerH Fgd &) srterd 1 (Aeior v qgearqur afhan € < = e w7 & qrfaafes HEwor



(Gravimetric Analysis) § ISTIIT FohaT STTAT 2, g1 SHHT FAATT ATIHT [oheft dca St JTAT &1 f=eriwor B
ST Bl

srafers =1 AT o7 &7 F AaT-3ma TiafHar (lon-ion reaction) a7 gewefierar ® fRgia (solubility
product principle) F JATLTT 9T ZraT

S Terg T AATT F9 a1 8?2

1. Tt giafsar:
FFTerT T I gIaT g STl & =reAl | I FIT 9¥ Ueh TEA e TATe6aT gt g, e
TRUTTHE®T U 319 JFfard Icq= 2raT gl ITTL0T & o7, sTa |fead Frss (NaCl) 37 Rfeax
ATEeE (AgNOs) FT =T THATIT SITaT 8, a7 Teh Aatery FAEE (AgCl) F9aT &

NaCl(aq)+AgNO3(aq)—AgCI(s)*NaNO3(aq)\text {NaCQ (aq) + \text{AgNO} 3 (aq) \rightarrow
\text{AgCl} (s) + \text{NaNO} 3 (aq)

2. gemefteaar F1 A& (Solubility Product
T8 forgia sarar g & S et Fen
G H IAH 217 2| TF AT o

TIE ° oA § 787 gIaT g, AT a8 Adrerd

offeraT T 3UTE (solubility product)

Srafere o AT H SAET-3a TiaiehdT i Tgcaqul JHHT gidl gl 5T9 &1 3 =91 § 7 g, 3T
3 HATST | T TATH S TaT a9dT g, AT A AFTeTH o6 &9 | R
2. AT T MHIX (Size of Precipitate):
SAATTE T AT I TATHAT ¥ T, FTTHT, AT 3T TFATHAT o FT HIS@ AT & o
¥ A9 AT g1 Ffe wiatear die-efv gt g, a1 saferd a2 freee & &9 | a9 9T g, Safeh daof
ST tehaT | STafers e Fi & €9 § a9d7 2|
3. GHIHT 3T sraferg 1 whaed (Stoichiometry and Precipitate Percentage):
TTTH o AHTRTOTT 3 ST U STATerd T FeAAT, AIAT, 3T IHHT deal & qraerd 71 fHreieor fBrar s
THAT gl TEITehIATH T TUATSAT o ATEAH & T SATAT ST T [ g o e fAfere sfatear & fra«t /e o
S ferd ae|




4. g&At (Purity):
STaTere st SLEaT ¥ ST wRar it TRfEIfaat T9Te STy g1 g S[Ear aTel Taterd & (o Stafshar &
R ararewor # T SragTEr & BT SITar g T g SraihaT & I Aaterd § o Ae[faAt
(impurities) FFATIT BT Tt 3, TOIE# ITHT LLEaT TATET BT Tl T 2

5. FSHTT A< foeest <=1 (Mass and Crystal Structure):
saferd 7 geraT TaTataE TR F S S g arer 319 aard i qrEr uw AT war g1 3w
AT &, SAATETH %l fheaed HEaT ST ST ST Aol 21d 8| T TATeral § fheed il §3a4T agd af
e 3 Rafea gidt g, 9t Fg sraterd &aT et heee 93341 % 2Id @ 30T I8 amorphous 21 &1

6. gAfear (Solubility):
srarfer it gerefierar Iuht T =T 7 AT w5t 81 Fw sty o § g g ¥
TAqef B & (S NaCl), STateh T Taferd a1 # goeh gge9ie gid & (59 BaSO4)| T8 ATaT,
STaferd il g Taar qIaT ¥ 7 TEEES i q I T T 2

Sraferd it graar # e & forg Mot

1. et (Crystallization):
FATerd 1 I T 527 3
2. TeeQ (Filtration):
srarfera =7 At g TRee e T STt g1 SHH, STATETH T =TT § STRT FT

ST | T &1 o6 377 LA T2 21 T

3. FAAT (Washing):
AT il Feg AATIRT F &1 H1 TRAT T SATAT &, AT SAH "G Hre ot gerefier segfaat A
& STH)

= (Conclusion):

srafere &1 AT TEEEE FiafHarst & TRumHEasT T g, ST =9 § [aqeiie A0t & S 1= Srad-31a-

STATSRAT & IS BIAT g1 AT o (0T, STH IehT STRTE, [EAT, 3T Fheed H3=T, FT Feani 92 AT F:3d 2l
T I[OTT T ITANT TETIAF G 3T gayoor § oy srar g, = = & aifaafes Rgoor s& w1 °, et
AATTH T FEIHTT HTTHL qcal =l HIAT il 0T T SATAT 2

l’lTﬁ'ﬁ'@?F g 1 SIESPﬁ"T (Applications of Gravimetric Analysis) —



arfatee feraor v gt o fAeaaia f&ta 8, s oamataes SRRt i /reresdar (quantification) et
FA % ToIT T=9HT (mass) FT START FdT 21 T8 &S w2 &A1 § ITARN A1faq gt €, @TEae ad 99 37 &<
T FETHAT 3T LEAT T AFLTHAT gl | TT=AST &7 & oo 7, =9 AT % yq@ s Fefoted &

1. T AT (Chemical Analysis):

griasted T i1 T8 AT T Agea ol TTANT I HE g g1 SHH el Tcd a7 AR 6F A1
T e eor g=rT % Jreaw F T Srar g1 ot et Afore 91Res o ac it ag=e AT S Ieeht
HTATCHRAT T T TT0r AT 2T, a7 7g f&afdr sreel gt g1 I8 & forw:

o T T 7TAT FT [yt
FTar o ATRIRT § FTaT T ATAT AT LTI FAT| STH ATl G0z (AgCl) FT TATT TATHT ATl 0l
TTAT T 0T FTAT

o Ffoeraw gehe (CaSO.) Ft 7TAT:

FCTTT AFHe AT Fl T FHleh SO o T STarT 21
2. 9gia<oig g 9or (Environmental An
TN T § grfadtes fo ZIAT g1 THH 9T, a7, Ja&T T e qaiaong
qeal § WIS gIaehTeeh I i g1 I

o ST IUTET T
ST § AL A0 ST
AT+ % forw srarfers v fAwior

o QY qcEl BT HIT:

AT H HIS[E e FHOT AT T | T Tl (SIE HET, TIEET) 30t Tg=1 e 7979+ & forg o 7g fater
TR T SATAT 2l

T A/TAT FT AT S T H FARTZE IT Tha it AT

3. @1 S 3{Wfer ST (Food and Pharmaceutical Industry):

T S Sty 3T | e geant it gaar o qorasr giafaa wa & fore et @ w1 39

o\
TR STTAT 8| ST




o Srufery i graar adero:
Arferat § AT Tt 6 AT 7 HaTeor BT STar g1 SIS0 Tawy, wieorm, FIRTw, I1 T faTawT
ST ddl ¥ HTAT /T q79 6 forw 29 fafer w1 Surnr R Srar 2

o G THAT FT AFTT:
T Teret ® i T, 9 o, Jue, fEertae, o b f aem amoe F oo arfaates
fergreror R StaT 2

4. gfast fAST (Mineralogy) sfiX &g =TT (Metallurgy):

G ST arqat & fFgor § o yrfawfes fAter w1 = STaRT grar g1 @fe st | 9 S arer &t aat
FT S[EAT 3T /AT &7 e 3 F T =8 TEaATer 36T SITar g1 SaTge:

o @GS H gTEel St TgaT:
GIASIT & T3l T TAFIO AT ITehl AT 7 4 | SN e (Fe) JT Te (Cu) o @I & &7 &7
TAFHIIT T IHHT AT FHLATI

o TSN T LEAT:
oo TR T SATAT 2

ST T [EAT ST IeTehl HLAAT %l

5. 3N ITITeT (Industrial Pr

e Saare § fafas T AT e & forw arferstes g w1 SuanT
ERIEIGIEAR A ERI TRHToT, Sav FHiT, 3fiT 9 =N § T @ &9 § TI0T
gt g1 SETE:

o TETEM® IATH! FT AW
A< =Tt § ATEEIS, BERRE ST =  Sqara & e

o @A fRut
et off TrEmaae 59 § Saarfad TrETa e ATRERT ¥ orar 6 e o ore =9 fafer &7 v G
ST Bl

6. IR AR AT (Biochemical Analysis):

FTATR IR [T § off Arfastesd Haoor 7 ITTRT /AT SITaT g1 39H ST o THTAE T2ahl, ST T,
ST H, EeTtae, i gTHiA i AT &1 Mg BT Srar g1 SaTge:




o I HY ATATHFAT;
FTATH TR o § TN T 7 STfareh Al il ATAT 7 (HLeor F7ar Srar 21

o T FT fAgwo:
TR TiRaTel | Iuferd arqelt (S S, fehform, s 1 &g «fF == f&fer & G sar
2l

7. freT 3T 31‘:!}51’81?[ (Education and Research):

ITiasteF T 7 U v Agcaqul & g ATt oY srquea &1 7 fAfer ety s arasratst &
Tt fraoor Y TdiRar ST TRt T a0 § g FLdT g TANTLTETs § Tt [=gwor & $reme
F forw =g fafer srera syt gt 2

Aewy:

TTfaHTes farayeor it Fthar siY e iaar & Heo
T, T, @Ter, Swei, a1 sientis T AR 6T AT
ST QL&aT &t ST & o U A e TTATE AT ST, SN i forear =
& H ST ITERhaT a0 @t gl

Solvent Extraction in Anal i ration technique widely used to isolate and purify
specific components from a mix
process is invaluable in analytical ¢
samples, including metals, organic co
separate interfering substances to allow

e selective extraction of trace components from complex
unds, and pharmaceuticals. It is often used to concentrate analytes or
more accurate measurements.

Principle of Solvent Extraction

The basic principle of solvent extraction in analytical chemistry revolves around partitioning, where a
substance distributes itself between two immiscible liquids (usually an organic solvent and water). The extent of
extraction depends on the solubility of the compound in the two phases. The process is driven by the
distribution coefficient (D), which defines how much of the solute will be present in each solvent phase.

The distribution coefficient is given by:

D=[solute in organic phase][solute in aqueous phase|D = \frac {[\text{solute in organic phase} |} {[\text{solute in
aqueous phase}]}

This coefficient depends on the nature of the solute and the solvents used, and it dictates how efficiently a
compound can be extracted.



Steps Involved in Solvent Extraction

1.

Key Factors Influencing Solvent Extraction

1.

Preparation of Sample: The sample is first prepared, which may involve dissolving the mixture in a
suitable solvent. The solvent should be chosen based on its ability to dissolve the target compound but
not the impurities or matrix.

Extraction: The sample is mixed with an appropriate immiscible solvent. After vigorous shaking, the
solute transfers between the two phases according to its solubility. A polar compound (e.g., ionic or
highly polar organic molecules) may preferentially go into the aqueous phase, while non-polar
compounds (e.g., hydrocarbons) will go into the organic phase.

Phase Separation: After extraction, the two phases are allowed to separate. The organic solvent phase
(which contains the extracted analyte) is separated from the aqueous phase. This is often done using a
separating funnel.

Concentration (Optional): If necessary, the extracted analyte in the organic phase can be concentrated,
usually by evaporating the solvent or using a rotary evaporator.

Analysis: The analyte in the organic phase is then analyzed using various methods like
spectrophotometry, chromatography, or mass spectrometry.

Nature of Solvents:
o Polarity: The polarity of the solvent plgys a ¢

compounds.
o Density: Since the two solvents

how the phases separate.
pH of the Solution: The pH ca
bases. The solute may changegits 10
distribution between phases?
Temperature: Tempergture can e solubility and the rate of extraction. Generally, higher
temperatures may en i lytes in the solvent but can also lead to the evaporation of
volatile solvents.
Shaking and Mixing: Propc®gixing or shaking is essential for efficient extraction. The efficiency of
extraction increases with the su area of contact between the two phases.
Number of Extraction Steps: M#tiple extractions (i.e., repeated extraction with fresh solvent) can
enhance the efficiency of the process, as each extraction step removes only a fraction of the analyte.

of analytes, especially if they are weak acids or
on the pH, which in turn can affect its

Applications of Solvent Extraction in Analytical Chemistry

1.

2.

Extraction of Metals: Solvent extraction is often used to separate and concentrate metal ions from ores
or environmental samples. For example, extraction of copper, gold, or uranium from their ores.
Purification of Organic Compounds: It is frequently used in organic synthesis and natural product
isolation. For example, separating alkaloids from plant materials.

Separation of Organic Acids and Bases: This technique is useful for separating acidic or basic
components from a mixture. For instance, separating a base from an aqueous solution of an organic acid.
Trace Analysis of Environmental Samples: Solvent extraction is useful in environmental chemistry to
isolate trace pollutants (like pesticides or heavy metals) from water, soil, or air samples for further
analysis.



5. Pharmaceutical Analysis: In the pharmaceutical industry, solvent extraction is employed to purify
active pharmaceutical ingredients or extract drug metabolites from biological samples (e.g., blood or
urine).

Advantages of Solvent Extraction in Analytical Chemistry

1. High Selectivity: It can selectively extract certain components from a mixture based on solubility
differences.

2. Simplicity: The technique is straightforward and can be done with relatively simple equipment.

3. Scalability: It can be easily scaled for both small lab-based studies and larger industrial processes.

4. Concentration of Analytes: It helps concentrate low concentrations of analytes for further analysis.

Limitations of Solvent Extraction

1. Solvent Waste: The use of organic solvents may lead to waste disposal issues, requiring careful
handling and disposal.

2. Solvent Interference: Some solvents can interfere with t lysis of the extracted components.

3. Multiple Extractions Needed: For higher efficiency, mfitiple extractions might be needed, which can
increase time and solvent usage.

4. Emulsions: Sometimes, emulsions can form duri

challenging.
Conclusion
Solvent extraction is a versatile and powegful tech®g 1 ic® chemistry, used for the separation and
isolation of analytes. It is especially val ) Cas other methods of separation, such as filtration or
distillation, are not applicable. By upderstaiy of solvent extraction, analytical chemists can
optimize their methods for extracting Qgecific ts, enhancing the quality and accuracy of their analyses.

Hicde THFASFLT FT aI1hTIT

Tieac Taaeae (Solvent Extraction) RERIERANLEIRE DI R IR RGP RERIC R A TR )
TYRIT T TAF FIA ST LF FLA o (o0 STAT 81 g THRAT 3T TRTAT o 1= AT 9% et 8 S ar
FOTEadT (immiscible) T TaTAT § S g TH TTHAT T AF1H20T (AT LT 92 /a1 ST Fohcat 8, 590
o Tiede T T, Thwaret & &t i 3=a Fawomas 3|

1. i TFACHEMT FT ATRLT IAH ST T

a) TFT T qieae TFIZFIT (Single-stage Solvent Extraction):

o TH YHIT fiY UarmFrd TOHAT H, fosIor Y et U 912 Aiede & arey fHerar Srar 81 97 i §, Faomers
I FT Hiede § TFH I H gl AR HT o >T STav 2|
o TE TF SUANM ZIAT § T AT 6T ATGAT qgd ATAF Il & AT ST Teeh Uah 37 [Aaq<or [urish (DD) T& &



b) Fg-FX Glcde GFagFIT (Multistage Solvent Extraction):

o THYHAT H, Foor 7 #2 a1 Aivae & A1 T a7 § avfer stferwan fewdor fBFHam s @)

o TG-TLV THHCHAT |, TUF A1 o A1 Hieae Hl HATST FTAT &, 3 {7 g8 =207 § A9 AR F1 [awrer
STTAT g1 I ToRAT T ITANM ZIAT & ST AT 0l FgdT agd HH gidl g AT ST AT AT F:7 grdl 2l

o ¥ "fAiax Aivde TaFEFE" (Continuous Solvent Extraction) st FgT SITAT |

c) TFF-FI ST G-I T 91977 (Combination of Single-stage and Multistage):

o TE ITT U FL AT Tg-AL THHATSAT T FHATHT stferw qArat fAesdor g fram Strar g1 78 aa SanT
STTAT g ST9 ATRI AT i THT g1 T Ut =201 § gL ewyor 951 g7 9T gl

o TH VHX % UAHCHIA H, UH Alcae (
YA T STt 81 7 Iierar a9
AL Fivde § 7al

o IT TTHRAT AT, TSI aH

Tieaa (S, T, FATLRH, TATS) T
TR UF Hicae | A=l q3E o qAd &, T+

H IUTRIT B
ical Sdlvent Extraction):

b) TT-31a% dlede TFaFIT (A

o TH YHIT % UFHcHerd |, TTHT 3T Tl T ITTNT FFAT STTAT 81 THHT START qa 6T SATAT & ST ArThl
Stfere AR (S, Uiz g, It =) T fASRTr AT 2T 2

c) FTHIAF-FI7F qlede C’W??-?I? (Organic-0Organic Solvent Extraction):

o I IEI Alvde FIATAH gId & (ST, S ST ), TT T THAT FT ITAN AT AT 1 T T STAR(T AT &
ST AT T ATt AR it FGAaefierdr 9T FTa = qieaed § gl gl

3. iede TFASHT T TR I GILT STINT it ST ATt FATET F e ax



a) [AFYT FIRT JeA791eaT (Solubility-based Extraction):

o THYEHN % UAHHAA H, ATRIHT o FAaeferdar IJ[urt a1 ITANT 367 STTaT 81 fagorens Frent i1 Fad 39
Alede H TATAT STTAT & ST 376 AT =1 ag o (i gl

b) pH STETRT fA%#59 (pH-based Extraction):

o pHF ATATY, FOTHF ATRIFT T TATLTAAT T2 THAT 5| TG & (T, TS TF ATRE ST IT AT
feurfa & srferss s[orar €, a7 pH &7 R e FE AT [Fahrer ST ashar g1 T TRAT 98 STAR gt § STa o
AT 3T AT T AT FHAT AT 2

c) ISE (Ion-Selective Electrode) TR fA#9r:

o TH TAHAS U, AAT-AAATHE TAFLIE T STTNT FTeh Tohelt A T Aiede § Aepdor R St 81 38
Ww%w%ww%ﬁaﬁaﬁ?ﬁ%ﬁ TEd 2l
P { A

o ST AR STH TehAlZed, TR, 3T ITGeT Hl SThias® Jrdl s il | e # forw diede
TFTEFAT FT STANRT [T AT Bl

c) WW@'WW@W(EXWﬂCtion of Pollutants from Environmental Samples):

o IT TTRAT ST, T&T AT ZAT | TGUHI STH FhleAT, AT &1, 3T FIa W TGURT Dl (HRTeA & [T ITTNET il
STAT 2



Alcde THFaeFITT Ueh eTiRRerTetT 3ii¥ faferer aerettar g, St fergororewss T s & fafesr wohe o #fent &
fAerdor % for START it STt 81 39 RS T, Aicacd o7 fEafest e 9% atiga AT S 99671 &,
3I¥ T8 e & AT agd ATIF 5

Ticde THFACHT & q&7 H THIG STA a1 F1 (Factors Favoring Extraction)

T e TFTHT %l TohAT H Fg UH FHTLeh gId g STl 36 THAT Tl A& TATAT ST THA AT 5| I HILHT HT
ST TEAT ATALTF BT g ATl (Se[ToTeHs THAA (G § Iche THors 9 e 7 7901 1= 39 9@

FTLRT T 0T TRAT AT @ ST Aiede TFAaerT T T9Tiad e 8

1. faaor [uris (Distribution Coefficient)

o faqor uriE (D) 7 SIaTa & ST 7 gertar & & fRef
g Tt AT urt stfers &, a7 I8 39 =qeh &

F4d H HET FAT

Tieded & ardl 9ol | fohaer s

T | T =07 | AL A0 § THa0]

o IME Aliwae 3T AR F7 & o 35 SUUIEERESEURICIETCIE

IR Aicae § i AT § 9H1Rd
2. Giede Hit THid 3T Hraar (Nat ibility of the Solvent)
o Hivde HT FIT TH AR T STTT T farauores A1 & 97 569 22 9% Jad1 gl Th
q=T Hiede ag Il 3 TAATdT F AT A A0, T d7F AT T

TRt T eefierar w9
o Hliede T THATT 297 ATRH AT BIAT &, AU Tg Aged Ul ¢ [ Aieae [Fguueas T
& 9T T ag | AT g T o7 sewi & guF 6 7 996

3. giwac &7 g9 (Density of the Solvent)

o Hivae 3T AT % T FT sia< Ig Wi wear g o 1 =720 & = Fhast =t aig | =
ST TTS UF Fiede & T gAL H AT ¢, TN TG T AT STUIT AT THLT FAL LT, e Tt
FLOT o A= (TSI | g1 S[rua)

o U FTLH Alcde THCFIT T THAT T TZA A ATAF TATAT FA7T 2

4. pH &1 9919 (Effect of pH)



o pH ¥t Fivde TFAEFAT HT AFAAT § Teh Tgea ol AT FA7a1 ¢, oo =9 & a7 5 forsor # sretig
IT AT AR 21 &1 pH &7 a0 Fen, 1T et & gaefiadar il 98 gad g

o g AN pH | Tadd % a1 SO Fruard aaa g & (S, F Aat=a af a6 &), o st
TqleawT 3T Al Taaeaerd il IqdT 98 TahdT 2l

5. ATHTA (Temperature)

o TTIHTT FETH | HIHTAT: AT S FATeTaar agdi g, Seg Giede Uaaeaer sfere Tqral gr aahdr
2l

o ETAIT, ATTHTT HT AATF TAT Hlede hl ATHT 3T KT a7 TohaT &, e Fwg sraig sy gt
Thd &1 T IO F JTIHTE (1 A T@ar arae7e grar gl

6. THY 3T ATHT (Time and Shaking)

o TuT AT oy f Aty off vrdEee i aRerar |
=TT SITaT 8 (S At ZIRT), 91 39T |
o ATF gUT qF AT F T rfdw

TEAqT 9T gt gl

HEEEUEEREIETE A
ST VT T TTTRAT O 2Iat 8l
@ H TG gl 9o o, o ATereh

7. Gied< &1 9187 19 (Vapor olnt)

[ TS EFIT o ST Hioae ohavl STeal aTiead gl
T &, ores whram § w{5Are g1 awdT g1 Tafe, 78
3T ST =7 ek T Ao AT ST ST AT 791 59 2

o Hlicde T AT =T

I ATST TAT9 AT Hledcd

wEe U € o Ao Zare

8. gied< I ATAT (Amount of Solvent)

o Hicae & I ATAT FT T AT TFHEFT ohl TAAT HI TATET FLdT | Tgd FH dleae | ATRE
T TeRTr T2 BT 9T, ST TcATeE Aicac AT STANT hadl ATAT<h T 3T THT TET Toha T 2|
T, Hiede HT Gqield 999 AELTF 2T 2|

9. Fqul fsur %71 GHEIAT (Homogeneity of the Mixture)



o TRrsgor T FHETAT (Homogeneity) Tieae TFTEHT i THAAT § TRTGTT FLAT gl ST {707 U qH1
TR | Hiede | fAafa grar €, a7 UaaeFard THeRaT STk ToTeT grdl 1 3R fHeqor § #rs sraaefar g,
AT ATIE AET TR F TS et 2l a1 2

Aoy

Aleac TFASFAT Tl TATAT TAT o [T IULIE HITHI AT AT T@AT agd Aged ol gl Hal dicde HT 94,
ATTHTH, pH, 3T 377 Aifae RAfaai F7 Sqad eATiod HIAT THATT 08 Hoil gl 37 FIERT Bl (FFAT Hh
Al e TFASFAT ol FAAT AT AT HT ATIRAH MR FEATHT /AT ST a1 2

JAATET AT TFa= Ao (Chelating Ion Exchange Resins)

GRS =T s wa=st S (Chelating Ton Exch 'ns)%riﬁl‘rr‘@%r%’ﬁalqd U= TRAT

TATT-ATT AT THAT TEd g1 T oI UH F16 2ra GFr T F HTEAH & TATST AT
TR &, T8 AT F T SATAT 1 AATT Lo T F ST Irg (€9 T A &
T I7g UF Sfeet GLAAT (chelates) TATHT ZeT ' AT & & 3T GTq AT 6 o7 ITTR(T

ZIAT & ST Uhel S o6 &9 | 751 afeh

€ ST U T o | {8k g1 a1 & q1e
g I¥ AT T & FIATHT THg (ST AT,
AT STTEHT %ﬁ'{&[ (complexes) FATT &1

AT X1 T T 1 Jg g (6 ST o HTEAH H &7 SR I The AT gerd & ar-arq

=L TRAT | HEE X 5, orad o1q A= el st Toh1e o T T idT § a9 & o7 UF Fow & H
gl ST 2l
AATET I F T
1. iR S AafeT e m:
o I XIS T ThTY o ToATIeed AT Lo o F IT SATETIA B 8 3 Sehl qag T AT fe I[OTf aTed

FIITCHT THg 31 &, STH- STH T, FTSg !, AT T
2. Toafes vt o




o THfes Yo e = & UH AIRET & a9 gid g S TEra =S =9 ¥ [T gra 8 o g7
ST YT ATTAT T THE T IThT (SR SAHAT ol TZTHT 1T gl SHHT START ATHTI:
fErgoroTTeeR T AT ST sienfire TiERast ® B Srar )

Aarfar I &1 ST

1. oTq AT &1 AsFEr (Metal Ton Removal):
o AT TR T HaH HTHIT STANT TTHT F GTq ATAAT Tl ARt § grar gl 3 Lol &7
STANT T ITATL, TATALO( T TFIT T % SR Sferam § e1q 3 & ger & oy
T STarT 21
2. 9T & L&At (Water Purification):
o HATIT LSHT &1 ITANT T F AT eTqatt (S,
SITAT 81 & IS 3 4Tq AT 1 Ah T Y
3. AT & e (Pharmaceutical and Medical /

, WIaTee, SAM(R) Tl gerd & oIy T
" T Ieg ITHT H AT < g

o TTERT TSI T STANT TS AT | & forT R T STTaT g, S
TEATATTERT H &Tq Ay &7 g, F=rfehcaT ® U-gmq =T (chelation
therapy) ¥ oY T T ot

4. Sfas It w1 AFIT (Analyyg

o AT TSI T ST 3 (R STTAT 3, STaT I% ¥ <ior fafere emq s

FT ST T T g AT ST | q9= | 788 T q9d g

nd @hemical Industry):

AT SATAT &, STal I ATTAL H LT AFAT I geTd H HEE Hild

o Sl SHYNI xedd
2l
AT ™o F 9T

1. FAFATHHAT (Selectivity):
o T TSI I &1 SATAAT I Ig FAATHEAT o AT Tohed § T&TH I &1 Tg ThaAT [afrg
ST SATAAT [ ATST FA o [T STAR(T ZraT gl
2. TRuar (Stability):
o HIeH (complexes) Yo & AT foerahe U fRuw =7 aTq &, S a1q 33 & Tr|mtee on
T FEAT ST THAT g AT T/ TATL0T F geT T AT Tl T 2
3. Ig &Har (High Capacity):



o AT IR | IF AT UFTAS &A7AT gl &, FOrTe o F=T AT § 4T ATAAT T TATAT & &
THE Tohd |
4. =aTt S et & ISTAET (Utility in Pharmaceuticals and Medicine):
o T=rTercaT # grq st &1 FEtEa e & form st T #1 3w far smar 2, S s o
IR AT AT TATT KT a3 Fram < aar 2

AR =TT e TS YR UF Aged ol adAiE g, ST e uorers: o e, S 3=, #iY
et o &= § agd STANM g1 3 ST T START &1 A1 Hl 2T, STieet a1, 37 farayoor 3 % form
TR SITaT 81 ST FaATeReRdT, At S 37 awar 2=2 ey gt )

forfére s Ta=IX (Liquid Ion Exchanger)

i forfare s ws=e (Liquid Ton Exchanger) T TFTAS Yo grav g, e s
TFTAS AT T U a3t &9 | 63T S[TaT g1 S8t ST ST T STToRAT § &T STl AT 3T STt
& fehdT ST sTEeT-aaet! & forw o STTaT g1 I8 age i [ H STIRIT gt § o

foIfehe T Taa=ee Usk a3l Ta1a gidl g Sl T THATHT TITATAILT FEA 0l AT
TEAT 8| T ATHAT I¥ IegH T o ITANT R T SITaT 2|

1. IH-9LA A CFI=S (Liqui
o TH YA & foIfehe I THFI=e | &7 a3 9T gid &, ™+ 8 & § feawomas Jt (arq
M) AT & AT T Fivde gIaT g ST 37 ATRI il THEdT gl AT a4 Tah gL 8
FIEAA T g1 &, ATHT o A9 H [T 7ai gl
o TRTELUT: UHATHT Hiwae (S, U THIEE) FT ITANT FTh ATAT TFA=ST THAT T FRAT ST
2l
2. TA-SE AAT TFI= (Liquid-Solid Ion Exchange):
o TH YHT & forfae siaw vaa=s ¥, forfae sraer et TS o 971 graT g, ST U 319 &9 §
TEAT 8| T T ITANT gIaT g e g/ e s o forw v 3| q=red &1 999 & 8, 57 29
AT T ZST AT FaA o [oIT T o qTT GI% § 7T 2

uid Ion Exchange):




o THH I I o TITH IT qLA AT UFTAS T STANT THAT STAT 8, ST 33T UFAS 0l
TERT &7 3T AT SHTaT Bl

Rrfere s =S w1 w1 Rgia:

forfere S TaE=SIY &1 F1 (HEId AT U=l & 9T (Hgid 9% SATemed grar gl Sd UF a3 H 39,

AT BT &, AT I THL TLA 6 e H ATHL ATAAT T AEA-IEE 647 S(1aT 2| ot e ua=ee v

TS AT ¢ ST STAAT Bl gHL A0 H SIEIAd Hed | 96787 gial gl

TH IORAT |, UF Fiede (T3) &1 T AT SATAAT Hl I T SISAT g 3T Ivg U ATt 7T § qiafad

FAT | TE ST LT 18 § AL qLA AT LIoIT & ZeTHhe smu Tt 2

Q\)

1. fefeT sg=Temsar (Enhanced Selectivigy
o forfee srow v 339 T 4 B, WW%%%@WW%
for srfers gt ' '
At sra= 2 €, CEE <AEIOEEIRPEEINCEIE LR ]
2. I YA H ST

O O >
o lellghs AU Usdd

Rrfere s TSt ¥ AT

q ST <[feg TTRATSH & START ZIaT &, S8 ITT | FIeT &7
BT T GeTAT| Tg TTHT o TATST o[ S ATEF TATAT 3T TEih

A 3T o7 STaATgHA
FATAT 2
3. |TYTIT AL (Simple Operation):
o Torfere smaer wam=isr YT T SAtORere |TETIT SfY 9¥e graT g1 TRt A forfae & forfae am
forfane & 219 s U= o forw sreTeT | R ST a9 2l
4. HH AN (Low Cost):
o Torfee smae Taa=STe T ST aTRTd: 7 q0G § gIdl &, #1179 6 agd HF qTre §
STANT FohAT ST 7T &, 3T 6 T 19 TR FHT13T ST Fha gl

IIESE R REREEE G EEIUE



—

. & A &7 AsFdr (Metal Ton Removal):
o Torfee e Ta=s T T START o1 AT &1 A= av garami & e § grar g,
STH 9T | =T, qieT, [ ot A S
2. TEgwTeRs @A AT (Analytical Chemistry):
o Torfee s va=s T ST eI EE Agwer § BT STar 8, Sgt 9% ovq Ay s g
T HTATCHS T[T ¥ o o1 THAHRT STANT AT SITaT g1 T (o &9 & 39 Tierarst o
STARM ZIAT & ST AT S G&H Agor it Srasahar gl 2|

3. S e (Water Purification):
o UTHT o HIq H gIHHILE ATAAT [ geT o 1T THHRT STANT FhIT STaT g1 Tg THoRAT T &7 7
AITAY T | TGUHI &l gaTd | HET HLAT gl
4. et T UEfera® WHAT (Industrial and Petroleum Pgocesses):
o Tt s va=w YSe 71 3UFnT sienfres
T AT AR T gere o forw &
Ao

KIEEEIRERCEEE L PO R R
FaoA= AT fAReor B3R Sar 2l
TTRATAT T | ST THATAT

, &1 A TeReor oY Trematae e i
, ST eTTere 3% farsTe o wgeayqut et AT )

Hiede THFAHeT (Solvent Extracti

TR=: Fieae TFTEHIT Uk TETI A GAHIO TH0AT ¢, o v frsgor & f2fare =ee =1 39 Atcae §
TATHT T TRAT STTAT g1 TG AT ATAA, &1 AT, TATATA T FTTeh, 3T T T&TAT Al av &9 | (et
& forT IT=T it ST g1 =¥ forfe -t uaadaer oY &gt SITar &, FiT S84 a1 AAafeqq a3, AA7q Uh
ST THTETT 3 T Aiede wT TAN gl gl

TRt Rgia: aicde TFaeFerd J, frsor % fforg wes v 3w Aicee § goq 7 strar g, Sad ag wared
arterss gererar 5| The, = Aieae w1 gAY o § gore B srar g, o< stad gee & 9T o Smar 81 78
TTRAT frerT &9 & Ta ITART et § 5T a1 a3l Ta9d UHh-gie § I3 38 & [iora 981 gid g (377d ami
FATAT FT T 3T TATAAF T[0T T B 2)1




Tiodc TFASHAT i TIHAT:

1. qiede FT 994
o TIH U, ST Hlede &1 93 (a1 I1aT 2, oreH == e afas gorer 1w 7g Aiede
o1 # HisE et | et ot Srar 2|

2. Tosyor =
o T T sfiw wicae 1 or=g & T STaT 8 a1l o U 6 & 69 § 3 e 3T U=l
TR 9I% BT 946
3. 9T BT TAHI:
o TR F STeT-3TerT qxat 7 T BT Sirar 8, et UF 9vd # Hicde o gl Ui § 9+
TEHF g 21 TH TIRAT T "extraction" FgT STAT 2l

4. qiede FT TT: T
o THH ATE, Alcae T (e | T3 T T N TH A TRATsH o forw ST fohaT ST JekaT
2l
LA\

N

o AL TEH , ‘ T BT 3l UF § Tiogd gee Afers Jgordr g o gae &

2. wifere-frfee TraeFa (So
o TAIFREH ST ITT |
IGEAEGLI

iquid Extraction):

Tl Hiwac % ATEAH F HHTAT SATaT 8, S AT AT FHihl T 3T

Tied e TFaeaeI il qoheiiehl (A TeT:

1. ﬂv_ﬁﬁﬁ'ﬂ' TFI¢FT (Continuous Extraction):
o THH Alcde MIaT &7 & f=1v7 % 97 §Ua § T2AT g 3% T2 &l [Hahrerar g1 T8 Jinar faey
& | T ITANM BT § 9 I THT 9¢ w1 a7 grav 2|
2. 9 TFHeae (Batch Extraction):




o = fafer & freror oiiw |icee 7 us a97 § ffa o simar €, i = 997 918 9=2al &l oot
T STaT 21 77 &S " dmTe a2 STt g

Hicde THFASFAT b AN

1. gTq A HT (AHET (Metal Ion Extraction):
o Wl TFICFAT T ITANT LT AFAT Tl [HRTA o [oIT 6T STar &, S| o qET, e, i,
ST 37 T GTal T [HSRuoT| SEaT START @ivsT SR T @it JaTe § 63T Sar 2|
2. 9THT e (Water Purification):
o Hiede UFHCFIAT T ITANT ITHT | AT TaTAT il [Aewrere & for foram srar g, s+
FALATH THTI, A, ST 7T Tg0H| Tg THAT T § T &7 F 3T g
3. fafer Tt &1 fAswdor (Extraction of Chemicals):
o A THATH TETAE IART H ITANT i : T T Fsqor F oo fohar

o T I |, S =TT, FlhT, 3iT o TorT Tiede U™ &7 ST

STTAT gl T T Iardt & forT ggcaq gl
5. WTRTEGfCH ST (Phar :
o T Tt ¥ Fr # e ST 21 T ahe A
RHEEARIREEF-1 et gl
6. Stfas IR 31 AT (ExWgction of Bioactive Compounds):

o ToTT START T STTAT g1 T ThAT T e i sfrufer e # aga gyt 2|
7. TAAEAHEA Tied = (Environmental Protection):
o Wl TFACFAT T ITANT TATALUT HEUF TTAT I T o (U THIT STTAT | ST % 1T
UT, Aicae TFISFT T STTNT THET 3T ST | TS Tg0ahi i gerd & forg T simar g

ieac TFASFET o AT

1. =Fg=TcHs fAuT (Selective Extraction):



o TH THATE § AT [FAT T2 AT FUAT ALTFATHAN h AT Tleh &  [AhTeT T 8| Tg T
e o [T g & F9d1 gl
2. WTHiaH GETET HT GO (Conservation of Natural Resources):
o g TTHAT =TI SATIART | TTHId TETEAT 6 7o TEAHTA H HE FAT &, ST FieroT
Aoy ST Sifas AR 1 Aewy|
3. %H AFT (Low Cost):
o TG THATH AL AT AN TATAT &, GTHFRT A Gl THTH I¥ [ACRI0T FHEAT
4. Ig <&aT (High Efficiency):

o Hiede UFHSFIT Y TIHAT IF T&TT F TT T&ehl &7 (et Tahdy 2, Foraer 7g S=hemt | AT

THATER FAAT Bl
A

ey

Aleac TFICFAT U Hged Q01 ST RTTHE Tohet 19 & fr TRt o fAeReor & form
JUANT 6T SATAT &1 T2 IR, T, AT ST FTATEL el ST H Tgeaqur HHT
fAATT 81 T T IS TITAT hl ThTe, g, H T TS FdAl &, [orae JSATT SAHETT Y

E IS E I ERICE IR CIRG KR




