
I .... 
tJflfl 3 

.... 0 I t;t; .... 

ft1,-LflaJUa~n1,-f11CW,'lmfl1fl'l13JLi13JiiCW,ilih1ft11Lf13J 

(Reagent and Calculation of Reagent Concentration) 

tJ~::Lil'tUI1~LA&i {Variety of Chemical) 

... ...~... .. .r ~ 'I ~ ~ .. '1'1 .... 
3.1 Commercial grade W11L~li'YI1l~111lU1t;''YI1i"1t;'" L "'f L tt~1tt ·n W11lla'YitHll1l 

' ' 
~am::YJu.!a.:~1'\.t~tt t1it;'11l11tlrh~tt"~11liU~t;''Yif ili~tlttLnaul11n'1i~1'nl1ml"litum1 

' 
1L~71::""'Yl1\IL~ii £Jm 1'1-t l ttn7di.~t1itil a.:~m7~111ltlntil a.:1111mt'n L "littLn~a'YI::La ~'til~1mi'1 

'II 

'Yl::La mrh l ~LL ~" n1 til a.:~n11\t 1 ttl'l "li1 L~11::~ til a.:~\t1111lh 'l ~ t;':: m "u1t;''YI!L~a::W11l11tlU an 
' 

m111nl.t;'11~L~atltt W11~Lirh~111lt;'::a1"L~~a~LLn1 LiLU\tW11""~111l~\l. NF Grade 
'II 

3.2 Lab grade W11L~ii~t1!,-::u~~tlttLrlaui"L~tt H'h~o.:~1U'YI~ ')ttl • 
3.3 USP grade LU'\.tt;'11L~il~i'u'la\l~ni.111Viil11l1l1"1;ntt United States ' .. 

Pharmacopoeia 01"iHiilmin1u1cA's'ln1'1:: Good Manufacturing Practices Lthl.W'l'lL~ii 
'II 

~tl11fl~1nW11tlttLtlm.l. ~LUttelU"11 £J.! a~111Vi W'lli11Cllt1 ttl~~" £J1"lf\t"911\l ') £JnL 1tt£J1 
... " 'l"' ... ...~... .. J ' J' 
U"i!a~ "lfW11L~1l'Y11l~111lU'lt;''Y11i1l1nn11Ln'l"U , 

3.4 Chemical Pure (C.P.) grade LUttW11L~ii~ii~111lU'1t;''YI~ ~awn1~t;'~Li 
• 'II 

Lii'1£J1lW11a::a1 £J 'l U\11tt1 L~11::\( 'Yl"~au LLa::i~L~11::~ W'l'l 'l tt ~ a.:~tl~u"in1'l 

3.5 Reagent grade ..,;il Analar grade d~lttt;'11L~ii~ii~m111Vi"11l3J1"1~1tt . .. 
'11Eh1 Reagent Chemical Committee of the American Chemical Society (ACS) LLff"\1~1 

m1tlttLfl auuttua1mi1\1111"lfU::u,-,-~i"L ~u LiiUW'l'lL~ii~'l m u ~ a.:~ti~Ulln11,t1 ttl ii 

'l ui'u1 a~ W11L ~ ii 'YI n"ll1" • 
3.6 Technical Grade Ltl"ff11L~ii~'L"lf"'luaiiff1'VIn11ll,t1ttl • 
3.7 Standard Grade LiiUW11L~ii~ii~111llJ1t;''YI€ff~El~l~'!XEJ£J 99.95% iiff11U"i 

• 'II 
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ij,snmh.1111"11U::U11';1LiLh~i'uL~1r.J1lt'fl11l1~1;nulu~a.:~t11iu11n11 
~ Q ~ 

• ... ... 0 .. ... .I ~ ... 
3.8 Spec1al Purpose· Reagent t'fl1L~1J LL~::~1YI1~::~1r.JYIL~1r.J1J"lJU1l1 ~"11 

..... tl.,. ..... ... ~ ..,tl' 
Lij,~1::.:11U 'lf.:l~11';l::"lJ';l~t'fl1 ULueJUYI';l::1J~~LL'fr.J~El.:I1ULij,~1::UUEIEln ~ L'1JU 

3.8.1 High Pressure Liquid Chromatography& Spectroohotometry 
' .... .., ... .. 

OmniSolv HPLC Grade Solvents t'fl1L~1l'Yl ~~1J1~1~1U 1lt'fl1 
Q 

HPLC/Spectro 
..; .. 

';11nL~1El.:l HPLC LL~::L~1El.:l Spectrophotometry 

ChromAR t'fl1L~£1~1~1l1~7!1U"lJEh1 ACS (Reagent Chemical 

Committee of the American Chemical Society) linu Liquid Chromatography LL~:: UV­

spectrophotometry 
.... '1 ...... 

SpectrAR t'fl1L~1l'Yl ~"llnu UV-spectrophotometry 

3.8.2 BioTech Applications 

OmniSolv Biosynthesis LUUL'f11L~£1~£1~111lU'iL'f'Yl~L'f.:l1l1nn.:~ 99.9 
~ 'II 

o/o th1fl';l1nt'fl1 amine £1~1111:fi'u~1111n LL~::~111lLiJun-,~~11l1nlinu\11"i.:~L~11::\{~1u 
Biomolecular 

GenAR 

Accugen t'fl1L~£1~£1~111lU'iL'f'YlfL'f.:~mn~~~ t~r.~1nn&u~1am7~n 
~ 'II 

~~n~.:l11~1fl ElU"li1.:1"" lin 1J.:11U1~ r.J~1UL 'Yl~ t "t~ n:a1111'r'ILL~::~1U WU1ifl1"~f 
'II ~ 

Anhydrosolv t'fl7Lfl£1~£1fl111l:fi'u~11l1mtar.~n11 50 ppm 1J11';1LU , 
~~El~"ll\1.1~L~n 1'li~~::~~El~L~El~~m,-tluLTIElu 

DriSolv t'fl1Lfl£1~ii.r.J1JLinu.:l1ui.:~Lm1::\{~1UBU'Yl1EJLfl£1 

• .- .:=1 ... A ,:( a a .lv, .., 
Standard solutions LUULn7L~1l'Yl1l~111llJ7L'f'YlliL'f\l L~7£.11J';l1nL'f17L~1J'Yl ~~1J1~7i1U-;J1n 

1 ~ Q 

American Chemical Society L~1£J1J~1mi'1n7El.:I~L'f::en~~.:l,r1~L"11"1~1l1~7!1U ASTM 

t'fl1L~£1n~1ldfiuULi~El\l standardized flU primary standard 
1 
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Primary standard Ltl'\.I.Wl"Hfl~~~fi111JU1~'Ylf~\l Wl1J11t1LiLU'\.I.Wl1LtfllJUL flEJUrlUWl"l' 
~ 'U 

A ,.; ... .. .- :, 
fl'\.I.L 'Wfl L 'Yl EJUfi111JU1~'Yln'"ll tl\IWl"l''\.1. '\.1. ') 

amtm:::ihfil'&y'llil\1 Primary standard 

1. ~J1~un hJLana~\1 .Yh 1~ relative error -;nm'l..&\1~1 
~ 'U 

2. ~fi111Ju1~'Ylfi.3.i~1n11 99.9% ~11EJa::LaEJ~LL~~"m1J1nt."llfl\1~1,.1Jafi"" 
~ 

3. LU'\.I.~,.,~vni.~rY1i.u 1ndiui'm~ni.3.iti\lmn ~::~1nL'\.I.n11fh1~L~~" , 
4. L3.iLU~EJ'\.I.LLUfl\1~1E.I ~fi111JL~nEJ'lL'\.I.U'l'lEJ1m~un~ i,aj~~fl111l&f'\.l. i,aj~a1EJ~1 

'U 

(Na2C03)~ Potassium dichromate (K2Cr207)~ Sodium metaborate (Na28407)~ Potassium 

hydrogen phthalate C8H50 4K 

A A .:11 A .r., I 1 

Secondary Standard (Wl"l1l1~1!1'\.l.'l~EJoQ1l) 1Jfi111JU1~'Yln''\.l.flEJn11 pnmary standard 

m,...&"J,~un LLa::Lfl~fl\ILLn1m1l1~,.~\-tl3.ifiifl\lm"l'fl111lLL3.i'\.l.mnun 'll1~11a::a1EJ~i.~u 
I 

~1fi111JLoll1l"li'\.l.nLL1.i.'\.l.tl'\.l. Standardization L~EJn11L m 'Yl"l~nu~11a::a1EJ primary standard 

Standard Solution LU'\.1.~11a::a1 r.J~L~~tJ1J';J1nWl"l1J1~7!1\lo primary standard LLa1'1l1:1.11 

a::a1r.J';J'\.I.f171Jm1l1?17~ri1~'\.l.~ LL~tl1L?I~r.J1J';J1n secondary stand.ard Iii fl\IU1:1J1 
' I 

.... 1 A .... .... toll ... 1 

standardize nu primary standard nf.l'\.I.L'Wfl"lfi111JL"ll1J"ll\lo'YlLL'\.I.'\.I.'\.I.fl'\.l. 
'U 

NIST Special Publication 260 catalogues standard reference materials 
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«<I Q.oo I tl lt;Q.oo ..t 
ft11'UUJO'"tl1'1U LL1h1 '1:::LllYI ~~\1" 

1. W11~1::Lfl~l~ 
2. W11mm~l~-D 

3. W11Yi'JY 

4. W11Yi"JY1ULL1~ 
~ 

5. l~tlelU~Tlr.J 
~ 

6. W11L1L~ti~a-~ "' ~ 

7. W11L1L~a.nn 
.... ' a. W11n~n1t~u 

9. W11~riEIL~Lii~m11::fl1r.JLflEI~ 
10. W11~LUUelU~11r.J~Eii-3LL1~~mJ ~"lf LLa::i~f 

Q..f 0 Q..f 4 Q,, 

an'ttm:::ft1Ail:Jilil\lft1'1LA3J£J"Gl1'1U 

1. A111J l1lw (Flammability) anl~W.~LEI~L~EIL~7tJfl112Ji'm.!.~~';l~111JL~ n11 . ~ 

Lir.J~i ~'im.h::n1r.Jl~ rhl~Lii~LtJa1l~ LL~::Lii~n1'1f 

2. A111Jlahllau,- (Instability) Ln~tJ~ffir.J1LfliJL~LEI~ L~EIL~71Jfl112Ji'EIU~~ LL1~ 

n1::m1n LL1~~U~~ LL~::tJ1::n1r.JL~ 'YhL~Ln~1::Lfl~ LL~::Ln~n1'1f~1~ ') 

3. A111JLih-t..W1:t (Toxicity) ti1ll11tlLL'Y11n~m"li'1LULUEJirn::~1~ ') L'7iu ~u Llil 

ti2JEJ~ tJt~~ L~EJ~ Ln~~~~EJm1>th~1U"llEI~EJim:: "t11~1rmir.J1:: 
I .... ~ ~ ~.... .. .,j ~ \'ltl o ~ ,j ..: .. 

4. fl1"iLL~"i\l"' (Radioactivity) ~'V11~ti'Yl'Yl::~'Yl::a1~L"ll1 ~ 'Y11~1r.JLUEILr.JEI"llEI~ti~2J 
~ 

"'"" o ~ ~ .. .. • I ... ~ ~ ..I A U..l tJ .., 
"1f1~'Y11~~Ln~~~unlil"llEI~L'1Ja~LUEILr.JE1~1Ein11L ar.JULL ~~YiUlfn112J (mutation) 

~ 

5. A111Jl1Gim.Jfin;u,LA&i (Reactivity) LfililtJ~n1m1uLL1~nuJ1 n1~LL~::~1-3 
E11n1fl LLa::W11EIEin~LiilsUVhL~Ln~1::Lfl~ Ln~LLrlti 

6. n1"in~nia,.. (Corrosivity) W11~n~niEJu 1ti~~1~ ') l~ 112.1rY~rha1r.J • 

.... ... 
1. 1(J'Ul"itL1J~ • 

A111JLau" EJ1';)1::Lfl~ Lrlt~m::'Ylun,-::LL'Yln rJmn12Ji't~uLtl~1l~ tJ1::mr.Jl~ ti1iiL'Yi~~ 
"' 
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'tvu!en;l'~i1l~ihi1'1J~1Y 'VI~Eifi1'lJ~rhl~Ln~nTln~n"im.\ 
2. n1-lfl'l1Tin·uJ1Gi'A'l1l.IGl" 

A'l1lJLith1 an\'VIaj~~\y.j fl1';l'l::Lij~ \tlijt'J'YI~n~nitl'l.l.ti1a1J~~El1';1\'V\aj~Eh1 Ln~ 
~ 

1J1~LL~a 

3. n1-lflaJ1'l1Tin1u1Gi'A'l1l.IGl" ,.ih1L'Ma'l 

A'l1l.l Liu'l1 'ttl'l::L 'VIti En';lfh L ~L1 r.J'\.I.fl'l1Y:: ti1 Gi1\.L"lltl~i1,m1 tla11~~n1'1J"11 tl~L 'VI£t1tl1';lfi1L ~ 

Lf1~1J1~LL~a't~ 

4. n1-lfftltfl1 u1Gi'A'l1l.IGl" ,. il'I1L 'Ma'l 

A'l1&~Liu" n1'ltlcil~a11 ~u~a11tl1';1L~tl~el'""~.,1tl~~ m-,~~~11Lm::L'VItltl1';l'Yi1l~ 
'II ~ 'II 'II 

~11~~~ n1t1a11~~fi1'1J fi1'1J"lltl~L~£t1tl1';l'Yi1l~Ln~n1'l't'VIJ~tl~ Ln~lJ1~LL~ai'1tiU'l~ ~~tl 

1J1~LL~a';l1nfi1111LU'\.I.'t~ 

1fi~·i1"n1U 1~i'1J~1"iLA3jel"Gl"i1U 
1. 'YI1~'l::lJlJ'VI1tiL';l "llEl~LLii~ ~u~~ 'tm::L~tl a::ElEl~"11El~L~a1 ~n'l::';l1tJ 

~ 

L'\.I.Enn1fl LLa::~7Lflij~EJcil '\.l.~fi1'\.I.::LLTi~ L"li1~i1~mtJ 1~tlm7~~~11 'VI1·tlL';l 
'II 'II 'II 

2. 'YI1~~1~'tt.:~ 1~tJn17 i11H~ LL£t::El1';1.U11~1'\.I.L"li1~n7::1a~~ 
'II 

3. 'YI1~1J1~LL~£t 

4. 'YI1~7::1JlJ'YI1.:1L~'\.I.En'VI171~unTm~'\.1.~11~tJ~7~'Yi1L~Lfi~~a~eJlJ1L1nL~i11H~ 
~1~~tlij~'lti'I.I.LflElW~1niiEl~'VIUlJEl1~17 Lfi~El~~11~1J11nfl LLa1~~.'U11LoD1Gii1~n1tl';l1n 

'II 'II 

a1'1i 

Q,o ... 

il"Gl"i1U\l1fl~1"iLA3J 

eru~71tl';l1n~Tnflij~ij~Eli1~mti"11El~m.-n ~1mri11ir~ ;f'\.l.nlJ 4 u';lit~'L~LLri 
'II 'II 

1. in1Ym::'YI1~n1ti111~"11El~~17 

2. 1n~i1~n1t1'1~11J~., 
3. rn111n1.~11~L"li1Gii1~n1t1 

'II 

4. in1YnL::fl1111 LU'\.1. ~1Ymml'ew L5.tllJ'V-li'l.l. ~~El~::a-11"11 El~~.,J-'\.1. 
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.. 'I... .. 
fl1'1'Lftilfl L!fft1'1'UUJ 

' .. ... 
UJ ElVI tl'lJ"ll1~ 

' ' .. 
L "l!'ULllEl 

~El·.ln11';J::L~li-tllltn1fl::iil1U.Uflmn 1 N L~ El~114114 i1~ EJ\In11 L itn1fl::fl1 tiL "lill"liU"liEl\1 , 
n1~-B'flmn M 3j fl ~~li11n li11\liflmn L "li ll"li'ULL~1 L 'Yl fl\1 'lu ,r, thrh ~1\lrl u"li13J tn1fl::fl1 U';l:: , , 
n1:: L~U LRVI U1 LLfl:: l3.i~ 3J LRLL 1Uii11\t 1 n tl'Yl nflf\1~ L lil'itlll tn1Lf1 il , 

' A A ~ a a 
4. Lf11El\IVI3J1 tiL~ ElUEll4~11 tl~13J"l!'U~ LLfl::f1113J1ULL 1\1"11 El\1 tn1Lf1 3J , 

' 
1. ~ElLLa:f\1111L-ll1JiU-nEh1a'11a:a1£J 

..., .I .. 
2. 1U'YlL~1tl3J 

4. 1UV13J~El1tl , ....... 
5. 1liL~1tl3J 

ca.. t(l ... 

A113J'V13J1 tltl il"~Vi't1Gl1" ') tJ il\lftT'nAaJ 

LD50 3J1';11n Lethal dose 50 ~\IVI3J1r.J£1\I mll1nLW11Lf1i:ii~1'Yl~flEI\IL~i''ll 1 f1f\l LLiil::i:i~iil 
-rh'li 50% "11EJ\I-;i1U1Ui'li11,fumr.Jfl\ILLU\ILUU 5 1::~'1J 

44 

< 50mg (body weight)or carcinogen 

- 50-500 mg/kg 
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500 mg-5 g/kg 

5 -15 g/kg 

- > 15 g/kg 

Hazardo chemical LU\I.Lfi1LTiil~~ii"limJfl'Yl1~1'Yl£n~1~~f~~,ru~\lot.4i1En';)fhL~~~i3J~~ 
'II 1 'II 

L~ii L U\locl\1.~11 tl LLUU L~tiU Vi ~\I, YI~El Li'EJ'l~ '~ 

Incompatible LU\I.TI tu.~3JUi"ll El~ Lfi1LTI ii~~fi1tl nn~mn u Lfi1~\I.LL~1 L n~fi113J7'\.UL 1~ 3J1n 
1 :.1 1 

Ln\I.Lfi1~~\I.L-rl\lo Sodium Cyanide L~m·htli1fi~tl1nu Hydrochloric acid ';)::Ln~LLn~ 
hydrogen cyanide ~iiTI113JLU'\.1.~~~~2.nn 

• 
U13JLL~~ YI1EJLL~U 

!"I .I': .. .4 • tf !"I ..1 "" Threshold Limit Value (TLV) Lu'\.l.u73J1tu.Lfi1LTI3J'Ih'ln1YI'\.I.~"ll'\.I.LLfl:Lu'I.I.'YltiEl3J7U n11 

i3J~~Lfi·n"il Lu'\.l.tb:-;11"1Je:h'l~tl~mi~,'"' 1~EJL~Eli1Lfi1LTI£11'\.I.m2.11m~n,v.'\.1.~';1::'2.!Ln~ 
~flm::'Ylu~EJ~Tl1'Vi 

1 

LDso LDso LDso .. 
n7EJnV.\Io Q~V.\1. Yl'\.1.~~~3.1 

'II 'II 'II 'II 

ii£l~nf3JJn1£lni'3J ii£l~ni'3JJn1£lni'3J ii£l~n13Jif11£lni'3J 

Very toxic <25 <15 <0.5 

Toxic >25-200 >50-400 >0.5-2 

Harmful >200-2000 >400-2000 >2-20 

nTnh ~11aJ if:: il1 ~ L~~il" LL n1 LTI~El~ LLrl1~Lon1 \\ i El~ tl~u11 n11-,i1 L iJ'\.1.~ El~TI~m1fi1 
'IJ 

fi113J ~::EJ11fl ~fin~ El~ '3.1 L ezi'\.1. ,f W;J:: L n~ TI113J L~h.I'V\1 tl~ El~1\I.El r.h~ 3.11 n nT~·fi1 TI113J ~::En~ 
'IJ 
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..1 ..,~.., • ..,.., ~"' ..1.., ..,.., "" ..., .t • .,..., 
Lfl1eh'ILLn1YI1 iJ ~tJmnn:~~n vu1 tJ1~1~Lfi1Eh'ILLn1LL~::~,~~1 tJU1H:: En~ ~ ~~-;nnu uml~~,~ 

" :- ~ .. ~ ,. .r "" " ,. " .~ ~ " ,. " 
~1 tJU1n ~'\.l.elnfl1~ L Vi a ~~fl11tJ 111Y1 Ln1::"l.n~ Lfl1a~ LLn1111 ~ ~ L ~na~ LLn1 H:: En~ L~1~111 LL~:: 

U1LtJauLL~~~atu.~nii 1 oo a~fl1L'1J~L;atJHL u~EltJ~11i'au ti1~a~n11L~LL~~~1ULl11111tl 
1 ~ ~ 

II "' ""1 !' \1 "' •1 .. ...., "' .., "" ... ~ .., ..., • ~"lfa::'lJ ~u"lf::U1 ~~ LVi11::a::'1J ~U1lfltu.H11U~~~U1 ~1tJm1ln11UULilaUfi11UU111U~1a 
1 ~ 

1w~~1~ i)~~~LLltuiia~LiH11aan~L~'lf~1~';l::ilfltu.R1JUia1~fi11UJ13JULL~::i~HntJ1nL~1i 
1 1 

L"liu Ll111ULL~HL;atJ11L~ 1fi1L1l~~H1lnUn1~ai~mn ~1a 1tJLL~HL~tJ11Lll~¥anL'1J~nu 
1 

LLa~n anmf LL~il-N afl111::1~ L Vi11::1 tJ LL~HL;av 11'l.n~¥an L'1J~LiJu~h~LLri';l::n~LLn1 a ti1tJ~ a v 
Lfl"ia~LLn1~LiLL~1L1U1ULnULULVi11::fi11URntJ1n';l::~1~aanmn ti1~~L1U1ULnULU';l::~11 
tu·:huuLrlau';l1ni~t~ 

...I .. .. • .... .. 
3. Lfl1a~1J a ~1.Jn1tu. LLL~::Lfl7a~LLn1aU ij 

4. Lfl~a~1~fi1111LUU n1~ - ~1~ 

AI ~ .=I <11!1 ,.,,~ .... 

ilun,.nLLLfltLA,.il"3JilYI 1H'Un1,.Ltl,.U3Jft1,.fltfl1U • 
1. L~~a"i" 1 Mvh LLti~LiJu Lfl~a~-t~~mu t ioN~H11hwu1::111rn LL~::Lfl"ia~-t~ 

• ... 
0.1 mg (4 ~hLL~U~) macro fl111l~::La v~ 

+ semi-micro 
... 

0.01 mg (5 ~1LL~U~) fl111l~::La v~ 

• micro 
... 

0.001 mg (6 ~1LL~lt~) fl111l~::La v~ 

+ ultra-micro 
.. 

0.00001 mg (7 ~1LL~lt~) fl111l~::La v~ 

.. ""' ~'I" .... 
fl1~Ln t:l nLA~il"2f\l L 'H L 'H3J1::iU.IfllN1'" 

1.1 iia~i'1~nu1::R~~LL~::"lJatJL"ll~"lla~m1LiLfl~a~-t~ L"li'l.l.i~a::h J1~un~ 
~ , 

-t~R~ H~Lrh '1. 1 fi1fl111lfl~1 ~L"~ a'l.l.mn~H~~uni Lfl11::l{ v a11i'u'l.~ 
~ 1 , 

1.2 ~a~ri1~U~fltu.~mytu.::W1~ru"lla~Lfi~El~-t~ 1~mhit~ii~~1'\.l.~';l:: li , ~ 
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""' "" ... tl ... 2. Lfl1il"LLflTlG\ 11J1GI"i 

2.1 tiLuq} 

• tJLuq]-rq]m111m 

• iiLUqJ"lfilq]£l;)q]LLti~timn.A111q}~ 

• "t111~~t1Lu~ 

• tlLu~er~ 1\l.a.ii 

2.2 ihL~~ 

• fl1L~~~Lm\l.~a~uDUim~ ~1111~ 10, 25, so. L~a:: 100 11a. 

+ "t111fl'lU1L ~~ ~1111, ~1ni1 2 11ft , 

ilf11ata1ll ~El "IJa~~H~11~ijtl~~th::mlu~~LL~ 2 "lfU~~\l.Ltl ~~~111~1~thuod'm~r.nn\l. 
(homogeneous} a~~th::nau~ij1fi111n1.111n~~~ L1rmi1~1'Yha::a1tl (solvent} ~1\l. 
a-1~tl~::nau~\l. ') ~£lmmnn.t'auni1 L1uni1 ~1t-ma::cnu (solute} ti1mh1~~.lTrh 

'II 
t II I "" 

a::a1mL~1 iTrha::cnutiL~Tfinn\1.&1 Mia \t1 fi'l~a::a1unil\t1Ltlu~1rha::a1u L'iuni1 
'II 

m~a::£nuhni1 (aqueous solution} LLa::i1·rha::a1t1"11'il~~uL~LLTi LLElanm:raa tl:::D1~\l. 
Liht.~\l. ~~LL1ii1L\l.fi'17a::a1ti'VIi1~ ') ";J::ila~~tl"l::nautl~'VI£~1tl ') ati1~L\l.fi'1~~::a1u -rf~~1'Yi1 

... ~ .. ' .. .r'~~tl ' .._ ""' .._ £1::£11[.1 LL£1::~1f:ln£~::a1 tl '1J~EJ1";J";J::11111nn11 1 "lf\l.~"ll\1. L LL~Gi'11U~'Yl1~Lfl3jl LL£1::Gi'11U~'Yl1~ 
'II 

n1tl1l1Y-l "IJa~ El~~tl1::n au LL~a::"lfil~ ii ir~~~L 'VIii m.u&i11 ~1111L -ll11-ll\l."ll a~tn~a::a1 mtl\l.m"l 

uanil~er~~1~1\l.mmm~1r:ma::a1uriummm~1'Yi1a::a1uL\l.fi'1~a::a1u'VIii~ 'l E1~11~1'U. 
'II 

~~mh1";J::ilL~ 2 GtnMm:: ~a 

• ti'1111W."ll a\1~1nn a::a1 tiL Ufi'1"la::a1 t~-rf-1'V111~ 
'II 

• m111 tu."IJ a-1~1nna::a1 tiL \l.~1'Yi1a::a1t1-rf-1'V111~ 
'II 

L \l.U";J,U\l.'VI'I.t 1 ti~Uti11L itlwi'u7::U~1111L -ll11-llu"IJ a-1fi'1~a::a1 uil'VI~l m::uu~1 E.Jn\l. , , 
L~LLri i'aE.Ja:: L~M~1\l.111a 111au~ 111LLa~~ liali 

fl11aJLcna.~iwzlil"ilf11ata1ll ~a n17uamn11ltu."lla.:~i1nna::a1t~i1ilmnlt'amfit~~'1.~,f\l. 
'II 

itt1111J an L u "lU"ll El~fl1111L "li11"li\l. 'VI'!.t 1 t~1~fl1111L "li11"li\l. '1. iLLfi'~-1-;ll\1.1\l."ll a.:~<t1a::a1 t1~il a ti'l. \l. 
'II 'II 
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W1~a::a1u ~..1£l1~Ltlt.~.ln.bmi'1l·nrn (t~1fl'lni'~. iiaani'~. ni'~. tJaw;)) Vl7mnbm.J'i~,~~ 
(ii~aam,a~~> VIU1tJ'Yl1..1Lf15jliJ1'V11l'nni'111~L~na, ni'11a-1111a6 ~1w;i1t.~.1W'll£l-iltfl~a::a1u 

~ \I 

'VI1£Ji1tha::a1 u't i'VIu 1 umm~1Ltlt.~.~u111n 1 t.~.1J1..11an1~En~';J:: li'VI1-i1 mi'1w"nfit~ 

I .... .... t;tiJ tl ~ fit ~ 4 o o- o- .,j 'I o-o-
MWlU~111JL111J111-U 1-U il1L'lf"9l 'VI111tlfl..1 'VI\1.1tlfl1111L"llll"llW11£l..1Gl1~a::a1tJ'YltJ£ln L'VI'l 

\I 

111 t.1.W1~a::a1 mft.~.VItt..1i'a u ~1t.~.Sji1t1na::a1 u~~1t.~.1Tn 1 intJi1t1na::a1 u~LU\I."ll £J..1LL~..1 L "Itt.~. 
\I \I 

KCI 7% LLff~..111Lt.l.tfl'la::a1tl KCI 100 ~1\I.Sj KCI aci 7 ~1\1. Lrt£J..1';J1n<ii'1flna::~1tJLLa::i1 
\I \I 

iha::A1tl5j 3 fffl1\l.:: i..1,f\l.n17~::tJLU\I.% ~..15j'VIA1U71.hL1JtJ 
~ \I 

1. LuafLaU\1.~ J1'VIin11fi111~~ (o/o Weight/ Volume, WN) LU\I.'VIU1tlfl1111L'lill"lit.~.~ 
tlrln L ~i'11L t.l.tfl7A::A1 r.J'VIif.\Ji'£1 tl'VIU 1 um111~1 5j.i1flnA::A1 uacifl'VIU1 u.J1'VIim "lit.~. KOH 

\I \I \I 

20% LL~~..111Wl7A::A1tl KOH 100 iiAaa~1 5j KOH a::A1tl£lti 20 ni'11 
\I 

2. LU£lfL.Uu~ J1'VIin1J1'VI,rn (o/o Weight/ Weight, W/W) LU\I.'VIU1tlfl11~L"lill"lit.~. 
.. ..., I !' .... ... .... I~ I : ..., .. .... I 

"ll£1\1 tfl1A::A1 tl'VI \1.\11£1 tl'VI t.1. 1\1. 1'VI t.~.n11~1fl n A::A1 tJ £l un'VI t.1. 1 tl\1. 1'VI t.~.m~ tl1 nt.~. L "11\1. Methanol 
\I \I 

90% W/W LLff~..111L\I.tfl~a::~1tl methanol 100 ni'~ t\ methanol A::A1tl£Jti 90 ni'~ 

..... 0 

1tifl1\l. 1\1. 

.. 
I 0 • ,;;I .., .., 

LLff~..111\1.1LnA£l~f11111L "llll"ll\1. 1 Oo/oW/W 

\I 

20 ni'~ 

20x100 
200 

= 10 ni'11 

3. LU£lfLsU\I.~ mm~1/mm~1 (o/oVN) LU\I.'VIU1tlfl11~L"lill"lit.~.~l.J£ln't~i'11L\I. 
\I 

W11~::a1 tJVI tt..1i'tJ tJ'VI ti. 1 ulfimlil'lii i1 t1 n a::a1 u tJ tiflmm ~1 
\I \I 

Gl'1au1\l 3.2 a::a1mLaanmm~-;ht.~.1t.~. 30 iiaaalil1 'tt.~.J1 t~LLaanmm~ 300 iiaaalil1 

';1\1~1\1. 1\1. i1 LLtJAn £le'l£l~i{£ifl1111L ,j~'Jit.I.L 'Yh h (o/o V N) 
..... 0 

1tifl1\1.1\l. 

tfl1~::a1mLmme:mm{ 3oo iiaaam nLLEJ~n£ln£l~a::a1utJci 30 ii~aa~1 
\I 
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30 X 100 

300 
0 ~.¥- ...... 

LL~~~11 LLEl fin El tiEl fi'\.UJ~1111 L "1J 11"1JU 1:0 %VN 

Molarity (M) fla J1VIUnL11Lflnfl (mole) "1JEl~i1fl::fi1£J~fl::fi1£JElti'lu~,-fl::fl1itJ 1 a~,-
~ ~ 

Vl\btJEJT;JLi millimoles VI'1El milliliters n'i~~LUUVIl.i.1£J~tiEJ£Jfl~'tlan 

Molarity = "' 
'llTtn!n ilJ~fJ~~~Hff1~X ~1'U1'Uff1~~:fl1tJl i;"~ 

"' 1hwum~ ouni'11~'t:l'lffl ':i 

"' ll1'H'irm ~ou n~~ni'11 

<fl1ed1\l 3.3 ';J~VI1~h Molarity "lJEl~ Potassium hydroxide ~~~ Potassium hydroxide 

14.54 n1'11 fl::fi1£JLUJ1 500 ijaaa~,- (K =39, 0 =16, H =1) 

1n~hunu 

Molarity = 

Molarity 

FDT 2301 (FT 331) 

tl~lJlt.UKOH( 11li1) 

tl~lJlt.U ffl'li1::i11tJ(~m) 

= o.5oo a~,. 

= 

= 

14.54 flllJ KOH 

56.0 fli'lJ KOH 

i1l~ KOH 

0.2596 11Ji1 KOH 

0.500 ~911 

= 0.2596 ~llfl 

= 0.5192 M 
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cR1ilfh\l 3.4 Wl1~::~1t.J 0.0514 M Ca(OH)2 ~1'U.1U 200 ~U.'lfll. Ldm;1tJ!jffimnu HCI 

~,Hl11n11£itfi111tu. Ca(OH)2 £iLLfl~L'Ut.J11,llii1Ein''lJ~ ~ni'11 LdEJ Ca =39, 0 =16 LL~:: H =1 

Ca(OH)2 + 2HCI -. CaCI2 + 2H20 ..... 
11!"fl1U1U 

LrtEJ~-;nn Ca(OH)2 1 111L~n~-;J::YhtJ1in'1t.J1rlU HCI 2 111L~n~ 
~ :.J ~ 

a-n~::~1t.J Ca(OH)2 1000 ~U.'IJ11. £i Ca(OH)2 ~::~1t.JEIU 0.051 ni'11-t11~ 
'II 

wn~::~1t.J Ca(OHh 200 ~U.'IJ11. ii Ca(OHh ~=~1t.JEIU 0·0514 x zoo ni'11-t11~ 
'II 1000 

= 0.0102 x 67 ni'11 

= 0.068 

cR1ilU1\I 3.5 tl1~El,1n11Lii7t.J11Wl1~::~1t.J';JUi (CuS04) Loll11"1lu 3.5 M ~1U1U 300 
~ 

Dt=laail1 ';l:~a-,li CuS04 ~1\1.1\I.Mni'll (n1~Ui!L~ll1t=lEI::i!El11"llEI..111"1ii9i1..1 ')LU'U.~..,i{ Cu = 
~ 

64, 0 =16, 8=32) ...... 
11!"fl1U1U 

Wl1t=l::~1 t.J';)'U.iL"ll11-n'u 3.5 M ~111u~~ 'lua~,-t=l::t=l1t.J';Jui 1.ooo ii~aai!,. ii';lui 
~ ~ ~ 

3.5111~ 

lua~,-~::~1u 1,ooo ii~aail,. ~a~"li';)ui 3.5 111~ 
~ 

lua~,-~::~1u 3oo ii~~~il,. ~a.:~li';lui 3.5 x 3oo 111~ x ii~~~~111ooo ii~a~~,. 
1 

lua~1~:~1t.J 300 iia~~~,. ~a~'li';lui 1.05 111a 
~ 

J1~un111Lan~"llEI..1 CuS04 = 64 + 32 + (16x4) = 160 
~ 

~-,Ju CuS04 1.o5111a = 1.05 x 160 = 168 ni'11 

tl1~EI-.1n11L~1t.J11Wl1~:~1t.J';!UiLoll11ollU 3.5 M ~1U1U 300 iia~~il1 -;J::~EI-.1L"li';Jui • • 
lfimtu. 168 ni'll 111~::~1uJ1l~fl'lU 300 ii~a~il1 
Normality (N) ~111t.J~-.1 ~1U1uni'11fi1111~6 (gram equivalent) "llEI-.1~1~:~1t.J~~::~1t.Jmi'lu 

'II 'II 

Wl1~::~1t.J 1 a~1 L'liU 5 N NaOH ~111t.Jfl113.d1 Wl1~:~1t.J NaOH 1 ~il1 £i NaOH 
' ... .. 

~=~1t.JEJt.J 5 n111fi111l~t.J 
'II 'II 

J',,.,,..nn-ianUJ~JiHf ~EI J1'VI'I!n"lJEI-.1Wl1~YhtJfiffit.J1'VI~EILL'YlU~'rl 1~1L';IU 1.008 ni'11 

'VI~EIEIEin~L';lU 16.0 ni'11'VI~EI fl~EI~U 35.5 ni'11 1i!FJUn~J1'VI'I!nfi1111~tJ"llEI-.11i1~~EI J1'VI'I!n 
'II 1 

EJ::~ EJ11"ll EJ~11"1~'VI11~1 m1 L~u'U"ll EJ~li1q},r u 'VI7t~J1'VI'I!n"ll EJ~li1q} 'lq} '1~'~'t11tJiiffir.nnu 
• 1 ~ :.J 

J1'VI'I!n~~n~11"llEI~'rl 1~1L';IU EIEin:nL';lU LL~::fl~EI~Um11a1~U 
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Normality = 

t1~mt11 ~1'1.n~13JE~'ilfl~ELE!fllil1EI~ 1.tTv11l'n 13JL~na "1~1l'n'ilfl~tn1 .. 
ai1 R3J3J~tl 

~ I 'II 

~LtJitJ~LLU~~~fl 113Ja " 1l1~1l'nm:li!EJ3J ~EI 1 13.1~ 'iiEI~ .. ..1 " jL~flfl'lfl~ 
. ... 

'ilfl~in'l W~fl11LE!Wll ~1~~na~3J~ 
~'II 

0 0°+2e ~ o"2 2 16 I 8 8 

NH4+1 NH4°~ 
+1 

NH4 + 1e 1 21 21 21 

Na Na0 ~ +1 
Na + 1e 1 23 23 23 

AI Al
0 ~ +3 

AI + 3e 3 27 9 9 

p P
0
+3e ~ P-

3 3 31 10.3 10.3 

Cl Cl
0
+1e ~ Cf

1 1 35.5 35.5 35.5 

Ca 0 +2 
Ca ~ Ca + 2e 2 40 20 20 

NaCI 0 1 58.5 ' 58.5 58.5 2Na0+ Cl2 ~ 2 NaCI 

so/ 0 -2 
S04 +2e ~ S04 2 96 48 48 

H2S04 
+1 -2 2 98 49 49 H2S04~ 2 H +S04 I 

~an : th:La-1~ (2538) 

,.hvnt'mUJaJa U11iHJn,~ ~e:J li'1'VI1l'n"lle:J\In'l"~~lv 1"1L';IU~tlnLLfiU ~'t~ 1 ; EJ:" mJ 'VI1EJ~ 
~ 'II 

'tv1"1L';IU'VI1l'n 1.008 ni'a.J li'1'VI1l'na-a.Ja.JGHJ"lle:J\I monoprotic acid L-rlun1" 'ttr1",-~~Eiin, 
~ . 

'tu"1n 'VI1an,-"t~:;n~n ~~1L ·rhntni'1'VI1l'n 1a.JL~na ~..,,fu 1 uaf~~"ll~\la'11~:a1r.J"lltl\l 
1 

monoprotic acid ~::~n1"~:~1r.Je:J~ 1 1a.J~LUa'11a:a1r.J 1 ~",. li'1'V1\t'na-a.J~atf"1Je:J\I diprotic 

acid L"liu sulphuric acid ~li'1'VI1l'na-a.Ja.J~rJL'Yhnu 1/2 'VI1t~ triprotic acid Pli'1'VI1l'na-a.Ja.J~rJ 
~ ' ~ 

L rhnu 1/3 "LLEJ\Ili'1'VI1l'n 1a.JL~n~"1a.J~1~uli'1'VI1l'na-a.JmHJ"llti\ILUa- ~ali'1'VIUr!t"llEJ\ILua-~\I~'VIll 
1 'II ' ~ 

hydroxyl (OH) ~t'lnLL'YlU~L~ 1 'VIll'VI1t~ii hydroxyl ~LL"ni1LUUaEJt!UL~ 17.008 ni'a.J 'VIli 
~ ~ ~ 

hydroxyl17.008 ni'a.JLUU~113J~rJnulv1"1L';IU 1.008 ni'a.J J1'V11l'na-a.Ja.J~rJ"ll~\l KOH, NaOH 
~ ~ : 

"" "" : 

LL~:: NH40H L'Yhnult1'V11l'n1a.JL~~~LLa::li.1'V1\t'n~a.J~atf"1Ja\l Ca(OHh LL~: Ba (OHh L'Yhnu 
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112111~ tl1~\l'nl'f1111~EJ"l1Eh1Ln~EJ ftEl tl1~\l'n"1JEJ\1Ln~EJ~~ cathion ~'iEJ anion ~\l'n 1 ni'11 
'II 

1'f1111aEJ 1i'uiimfhnu111L~n~"llEl\ILn~El~11~1tJ11L~u~~"~11~"11El\l cathion ~1EJ anion L"liu 
'II , 

tl1~\l'nl'f1111a£fnEJ\I 
'II 

NaCI = 1 111~ 

Na2 S04 = 112111~ 

AICI3 = 1t3111~ 

Ca3(P04)2 = 11s111~ 

r ..... ~ : .... ~ . .r 
'-'1'M'-'Hfta.Ja.JiHJ!ID\lft11 oxidizing LLst::: reducing U1~Unl'f1111~ tJ"ll El\1 1'f11~::~1 tJn~11u 

.. 'II , 

Lilu ltJ~1111.J~ffitJ1~ Ln~.:ffuL~ mnum1L ~11~~~1u 1u electron ri EJU~1U 1Ufl11LiitJu 

1'f11n11LL~:: fllL~tJ~ffiml'f11~~U L"liU 

- 3+ 
21 + 2Fe 

2( 

.... .... ~ : .... ~ 
~1nl'f11n11 12 ~::111 2 electron ~\IUUU1~Unl'f11~~tJ = 2 

... ~ !' ... .. 
"lltu.::L~tJ1rlU ( ~::i'u 1 electron ~\IUUU1~Unl'f1111~tJ = 1 

'II 

3 ~ 
Fe + e Fe 

3.... ...,~: .... ., 
Fe 'llJ 1 electron ~\IUUU1~Unl'f1111fW = 1 

'II 

... 0 ........... ... ... ... ... """ .t ... 
UJ o i'f1"ift ::in t1 n1~ ua::: L u i'fa.JTt111J!) n1t11 n ,..;,:: aJ fl11a.J a a.J'W'-'fic;h1'-'fl o 

(N "llEJ\11'f11~::a1tJn1~) (1.J~ffim"llt.h'll'f11~::~1tJm~) = (N "llEJ\11'f11~::a1tJ~1\I) (mm~'l"llEJ\1 

1'f11a::a1 tJ~1\I) 
... 

~1El N1V1 = N2V2 

LrlEJ NN1 ~Elfl1111L-ll'11onuLLa::m111~1"11Ehm1~ 
NN2 ;; uTI1111L "li11-L'uLLa::trhn~,."ll Eh'l~h_, 

<R1mh" 3.s ~..,~,fl1111Lon11onu"1Ja-"~n'l~Ln~fl ~_,~mm~,. 25.2o 3ja~~~1 ~..,thtJ~n~tJ, 
'ViEl~rllJ NaOH 0.0825 N ihfi111~7 24.50 3ja~~~1 
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...... 
11!"fl1U1\Io 

NN1 = NN2 

N1 x 25.20 = 0.0825 X 24.50 

0.0825 X 24.50 

N1 = 
25.20 .. ... ., ., 

0.0802 n1~ L n ~ £J 11 f!111l L 111111 u = 

. 
.... I 0 • 4 ... I A A ..., 

9l1ilU1" 3.6 ';l-\lfl1U1tu. normality 11£l-\IW11'~::~1tJYlL~'ltJ1J';J1n K2 Cr2 0 7 220.0 11~~n111 

LUW11'~:~1tJ 100 n~m~~,. ~-\lu!jn1EndLti~n11 oxidize ferrous chloride ~~H1Jn11 ..... 
11!"fl1\lo1U 

K2 Cr2 0 7 + FeCI2 + HCI 

Normality = " l.hWUflfflJ~V X 'l1llJ1~'I 

2- + 
Cr2 0 7 + 14 H +6 e-

3+ 
2Cr + 7H20 

294.2 mg/mmol 

6meq/mmol 
= 49.03 mg/me~ = 

... ::: 
~-\IUU Normality = 

49.03 mglmeq X 100 ml 
= 0.04487 meq/ml 

..... 
11ifl1U1U 

J1v.\tn 111L~n~11tl\l H2S04 = 98 
~ 

., 
'\l1v.\tnH1J11~11£l\l H2S04 

'IJ 
= 

I llJl'l H 
2 

SO 
4 

~1'U1'U H + 1u H 
2 
SO 

4
: 

= 49 
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= • Normality (N) 'il£h1tn'l~:~1EJ 
tiTt1l7flff1l1J,.fl X tJ;1J1Alff11' fl::fl1tJ(aA1' ) 

4.9 

= = 0.025 

..... 0 

1nfl11.411.4 
... .... .f 

~1'~:~1EJ 1 ~c;n 11L\4£J H3P04 
... .... .f 

~7~:~1EJ 2 ~<i\1' ~:11L\4£J H3P04 

1 111~ 'ila-11 H3P04 ~un 

1111~ 'il£1-11 H3P04 LL<ilnc;l1'l~ H+ 

1111~ 'il£1-11 H3P04 ii~1\41\4 

97.775 

3 

49 X 4 

0.2052 

0.2052 X 2 = 0.4104 

97.995 

3 

3 

= 32.59 

= 0.4104 X 32.59 

= 13.38 

.. 
«1111~[] 

\1 .. 
«1111~tl 

\1 

.... 
n1'11 

111~ .. 
«1111~[] 

\1 

.... 
n1'11 

.... 
n1'11 

.... 
n1'11 

" <A1mh" 3.9 tn'l Ba(OH2 ) 3.426 n1'11 ~=~1E.J'I.i.1fl'llJrn111<il'l 300 ij~~~<il,. ';1-11~11.411.4 

fl1111Lill"li1.4tn1'~::~1EJLUU normality 
.... 0 

1nfl11.411.4 

Ba(OH2 ) 

Normality 

54 

= 

= 

2+ ""' ~ 
Ba + 2 OH <il-IIU'I.I. n =2 

" unn!fl(fl~) 

" unnimYlltflU X tl~lJl~l 

3.426 ni'11 x 300 

171.3/2 X 1000 

= 0.012 N 
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Molality (m) ~ElWl'U~::~:nr.J~ij~-uJnfl::fl1r.J 1 111fl L'U.~1'th~::fl1r.J 1 n1flnf11'V11El 1000 

• ~ I 

n1'11 L"liu. L11El\h 1thL~aLtnr.J11fl~Elh~ 1111fl 'VI~El 74.5 n1'11 fl::fl1r.JL'U.\h 10QO n¥11 

A'~\~ "' " " 1 a1,-fl::fl1r.JYI ~~';l::1Jfl1111L"ll11"11\l. 1 1JLLflfl (m) 

Molality 

...... 
11ifl1U. 1\.1. 

1 ... .r 
11LLflflfl~ (m) 

= 

= 

= 

= 

= 
= 

~1l.I1U11ln~v.:J~1\1fHl:-cmJ 

" u 1 111! m rlu fi1 n n1'11 ~ v .:J 9l'Tthn: n 1 t1 

" u 1'\1 1! m rl u n i' 11 ~ v .:J 91'1 \1 nn: n 1tl 

" . 

111n x U1Ml!mrlunlnn1'1l'\IV~~Ttiln:~ 1t1 

72fli'1JA1
2 

(S0
4

)
3 

X111JnAl
2 

(S0
4

)
3 
X10~fli'1lXH 20 

420 ni'1J H 
2 
0 X 342.1 ni'1J Al

2 
(SO 

4 
)

3 
X 1 ~lnni'llU~ 

0.5011 mol/ 1 kg 

0.5011 m 

Mole fraction (Lfl1ta'1"La.Ja) LU'U.nTl,.::1J er~,.1~1W;i1'U.l'U.111~"11 El\!Wl,. 'l~ , 
a1,.'VIrt\I~El~1u. 1'U.11Jfl,.111"11El\la1,.yf_,'VI11~ 'l uWl,.f!::a1 r.~ 

'l~ XA ~El ~1'U.1U111fl'l1El\1~1l'i1fl::fl1r.J 

Y8 ~tl ~1\1.1'U.13Jfl'lltl\1~1~nf!::fl1r.J 
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= 

nA +nB 

L~'fl 'i'llJ Llif'flthu LlJn'U'fl~~ 'lvi 1n ~t'l1 vnu~ 'l()flt'l ~n1 tl~ ~ ,~ 
~ 

nA nB 
XA +xB = + = 

nA +nB nA +nB 

LLft(;'h111" ~ ft11 aJ Lff1tft1" {a.JatJ il" ft11~"~a.J(;l 1 "ft11ft ::a1 U\1 ::cA il" L rh flU 1.00" 

I ~ ~ ~ 

'VI"'l t1 ft113J Lti3J!J"tl £h1 ft1"iiltil1 !.1 L~ il~1\l 

tJ;aJ1mi1nna::a1u1"ft11a::a1ui"i'i1" (part per thousand, ppt) ~3J1£Jn..:J 
'U 

~\i1£J~t11mm"lleh'l~1fln~:~1£Jlt.unl~::~1£J~1tl~TYi1~::~1£J 1 ~\1.~1"" 
'II 

tJ;aJ1mi1nna::a1u1"ft11a::a1U1ft1"i'i1" (parts per million, ppm) ~m£Jn..:J 
'U . 

ti13J1tu."l.l"l.ltl..:J~1fln~::~1£Jhl.ffl1~:~1£Ji1\1.~1\l. ~tl ffl1tl1~11 1 ni'3.1'1.wl'Cilfl~u 10
6 

ni'3J, 
'II ~ 

~1Elffl1~::~1£J 1 n~~~Cil,-'I.""Wl,.tl1~,,-i1tlci1..:~ 1o
6 n~~~c;),. 

... .... 01 

1HH'Ifl':i1J 

1 ppm = 1000 ppb 

ppb =parts per billion (1/10
9

) 'VI7El 1 ~3JL~nni'3.1/~Ci11 
I I .r._,'lt;..... .14CIIA t; I A ~ 1 ... 

WU.1£JL'VI~1\1.3Jn ~"ll'n1Jffl1El1~11'Y13Jv-l~11 tiLL'l..:J L"ll'\1. ffl1v.l~';l1nL "ll'El11 Aflatoxin, ~~::'VI\I.n 

~Cilml1..:Jht.~\ILL1Cilitl3J L"li\I.LW~i',. ~U LL~::UUL~ElU~Cil3J1LUEl1'VI11 
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i1mh" 3.11 -;J\Jthll.1tuff11~::sn £J 0.015 ppm tiEl tiL '\.I.VIli1 £J"l1El\lij~ani'3JI~i1,. LL~:: 
~ . 

,3.1 1fl1ni'3J/ ai11 

..... 0 

16fl1W1" 

0.015 ppm x 
1 mg 

1 L = 0.015 mg/L 
1ppm 

1 ppm= 1000 ppb 

1000 ppb 
0.015 ppm x = 15 ppb 

!ppm 

0 ft.~ "" 0 ... fl1"jA1" 1f\l,u"j3J1 (;l"j~1"jft tn1 UYI,..13J1 Lv il\11\1 

1. U1~1fl113J L -ll3J-llUffi1li1 [J3J1tl1'\.l. 1tu.~1\l.1\l. t3J~~.r El\ln11 
~ 

n = Mfinal X v final 

2. 1 "li'~1 Molarity "ll El\IW11~::~1 m~3J.i'll. L ~ Eltl1'\.l. 1tu.mmi11L~3J.i'll.ri Elll.n11L~ El';l1\l 

n 
V initial=-­

M ... , 
10ltl8 

* ~1'\.1, 1'\.1. 13J~"l1El\IW11~::~1 [Jffi1'ti1 [J = ~1\l.1ll.13J~"l1El\l Wl1~::~1 [JL~3J ~'\.I, 
~ 

ninitial = nfinal 

Minitial X Vinitial = Mfinal XV final 

<fl1mh" 3.12 ';l\ltl1'\.1.1tu.m3J1i11"l1El\l 0.0380 M NaCI (stock solution) ~\I~El\ln11Li1~£J3J 
ff11~::a1m~El';l1\11i1£Jfl113JLi3Ji'\.I.LL~::mmi11~~a\ln11~El 1.50x10-

3 
M LL~~ 250 ml 

• ~1\l.1ll.13J~"l1El.\JW11~::~1[JL~El';l1\l = ~1'\.1.1'\.1.13J~"l1El\IW11~::~1 [JL~3J~'\.I, 

N ( no. of moles of NaCI) = Mfinal X V final 
-3 . 

= (0.250 L) x 1.50 X 10 mole NaCI/L 

= 0.250 X 1.50 X10-
3 

mole Na¢1 

Vinitial (vol. of stock solution) = n/Minitial 
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0.250 X 1.50 mole NaCI = -----------------
0.0380 X 1000 mole NaCI 

= 9.87 X 10-
3 

L 

1nL'il~tJ11hHJLii11a-11a::a1tJ Stock 9.87 ml a~'l~ volumetric flask Lii11J1fi11Jlfl111'il1fifl 

250 ml 

.. 'l"' 'V\1£1 "lfa''il'l Vinitial 
'II 

n 
Vinitial (val. of stock sol -) 

M XV 
final final 

= 
M ... 1 tmtta 

-3 
150 X 10 mole NaCI/L X (0.250L) 

= ---------------------------
0.0380 mole NaCIIL 

= 9.87X10-
3 

L 

1nL'il'itJ1111ilmii11a-11a::a1tJ Stock 9.87 ml a"'l~ Vol.flask Lii11,r1fi1Um111~1 
~£1 250 ml 

I 0 

A111Jn1"\11L'Vt1~ 

tl1£Uh" 3.13 n1~ HCI "1fil~L"li'11"li'~iifl1111th~-;11L'Yi1:: (specific gravity) 1.21 LLa::iiLd£1 

a-11 HCI 75% W/W 
... .r ..1 .... 'l ... ... 

1. HCI -;J::1JL ~£Ja-11nn111 ~a-11a::a1tJn1~L"l.l1l"l.l~ 500 ml 

2. ';l~tlnl.J1tJn11L~'itJ11a'11a::a1tJ HCI L"li'11"li'~ 0.10 N -;l1~1~ 800 ml ';11nn1~L"li'11-n'~ 

.. .... 
a-11a::tnun1" 500 ml ';1::11 HCI 500X 1.21 n111 (M=Vd) 

75 X 500 X 1.21 

100 

= 453.75 ni'3J 

3. a-11a::a1t.1 0.10 N -;)1~1~ 800 ml ii HCI 0.10 X 800 ni'11 

-3 .... 
= 0.10X800X36.5X10 n111 

= 2.92 ni'll 
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1DA1""lnULUU,"li\1il"S 
CXMWXIOO 

v = 
% W /W X sp.gr . 

• 1': ..lo .. 
V = u"l111~1"l!El~n"l~'Yltl.1111L~"lll11 

' 

lOOX 2.92 

75 

= 3.89 ni'11 

3.89 
= - (sp.gr=1.21~) 

1.21 

= 3.22 ii~aa~1 

C = ~1111L"li11"litl.n~El~n1"lL~'ill11 = 0.10 N 

MW = ,.hw«n L11L~n~"l!EJ~n"l~ • 
~ ...; 0 .. 

P = % W/W {Ltl.EJW1"l~::~ntJ'Yltl.1111L~"lll11) = 75 

D, sp.gr. = density or specific gravity = 1.21 

O.IOX 36.5X 100 

v = 
75X 1.21 

= 4.02 ml 

4.02X800 

1000 

A 'l ..... I ._ ._ ~~ 
fl11L<PI"HI3Jft1"ifltfl1ll 'V13J'VI'l-tl1li~113J Lti3Jtl'l-U1J'l-tl ppm 

~1mh" 3.14 ';J~L~1ll11a'1"l~::"Gnll Perchloric acid 200 ppm ';11na"1"l~~~1ll Perchloric 

acid L"lill"litl. 

.... 0 

1lim'\41tl. 
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o/ow/w 

~111lthr;h L vn:: 

= 100.46 

= 70.0 

= 1.67 

~tl·mTlLiil1U1l~'n~::a1U 200 ppm ~tl ~El\1Liil1U1JL~ihd'em"llil 200 Da~ni'1l 'tu 1 alil"l 

~tl-.'ln1"l HCI04 70.0 ni'11 ~tl\ILi HCI04 L"li11"1iu 100 ni'11 

60 

100 X 200 X 10 ·J 

70 

20 

= = 0.29 ni'11 

= 

70.0 

0.29 

1.67 
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