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Quantitative Analysis teasl) Julail) .2
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Volumetric Analysis eaall dilaall .1

Gravimetric Analysis sl Jdaaall .2

Instrumental Analysis 1Y) Julsall .3

Solution :Jslaal)
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(solvent) cuiall + (solute) wliall = (solution) slaal)

NaCl (s) + H,O () — Salt Solution
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- ) e Ll LS e (ggiag 53 Jslaall sa Dilute Solution sl Jelasll
e bl aie g . Jolaadl Ja)s sagasall lAall 40K g8 ¢ Concentration Jslsall S5

Concentration = Quantity of solute
Volume of solution

Classification of solutions :  Jallaal) Capiual

D (ally cudall danda Ao 2l Jallaal) Cininal) states of matter salall cila ) A : Yl

Jalladll glsdl Caviat oy s Jillaall (e gl danss clllia (35 of oS Ml (solid, liquid, gas)
solial Jganll LS salall dumdal) AlAl) Coveny

TABLE 14.1. TYPES AND EXAMPLES OF SOLUTIONS

State of Solute State of Solvent Example
1. Gas Gas Air
2. Gas Liquid Oxygen in water. CO, in water
(Carbonated drinks)
3. Gas Solid Adsorption of H, by palladium
4. Liquid Liquid Alcohol in water
5. Liquid Solid Mercury in silver
6. Solid Liquid Sugar. Salt
7. Solid Solid Metal alloys : Carbon in iron
(Steel)
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vie Il e AeS ST e gying (63 Jsladdl e :Saturated solutions gediall Jgdaal) .1
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L e il e AL RS e

gl A Ll I Al Saalies 3l 29 5a Alal 38 s

Solute (undissolved) Solute (dissolved)

fandial) Jolaall Jas (Sas S

LAY e g0 Sa Jelaal) dlyang cuddl 8 QI e (82 ) dcaild S il

O JI Al (e daeS e gsina Al Jelaall g8 1 Unsaturated solutions aadeall ju& Jglaal) .2
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g ((@lilaaey diss Jillas ) allall Gils o 5S5 :Colloidal Solutions (g all Jsiaall .3
G pda B Lt =gy Unasy Lgd (381 ) lisall ans 0950 ¢ Dugpall Allally ecs 2B Al
(o el laphal Caat (3318 4] sl Jolaall (5S aule s 10-1000 A G dugyal) dallaall kel 3

. 1000 A° (pe ST layhd Caar cilileally 10 A°
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Electrolyte : adug sl Jullaa -

Non -electrolytes : addgasl) & Jullaw -

5al Lgd 0S5 @l ¢ cudd) 3 i) e Bakall Lgd Aulie Bale (e (oS5 1Ay S Jallaal) ]
cadlle Aoy o S ) e 5aaall L Bale e cnlil das cilidng ¢ SleSl lal) drass e
b oYy aclsilly mleal) dillae Jie strong electrolytes (o8 s 5l awss dllal) s2a i

weak electrolytes Ciusca culy i<l aniiy Wik oul salag ¢ ol

saesg HNO;z ¢ljiill man ¢ HCIO, ¢lyslSyndl (ga an A gil) Gaalaa) A bl s
: Y Sl el 3 HCL 6lsiSal)

HCIO, + HO > H,O + CIO,
HNO, + H, 0 > H,;O + NO;
HCI + H,0 —>HJO +CI-

M50 5 Ca(OH), psand&ll 2 s 508 ¢ (NaOH) psd seall 2S5 pa &yl ac) gall Al (4a
. KOH p g2 53l

NaOH + H,0 ->Naj +OH_
Ca(OH), + H,0 »Ca}" + 20H_
KOH __+HO-—>K. +OH_. fodf
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NaCl +H, O —>Na,, +Cl

NH,Cl o5 5a¥) 25518 mle Jie A 32c B 5 (5 8 piaen (e (0 5SE  Dal

NH,Cl +H,0 »>NH, +Cl,

CH3COONa a5 secall A i 4y 8 308 5 Casnada (aen (e () 5SH 2Dl

CH,COO Na+H,0 —Na, +CH,CO0"

(NH,),CO5 a5t sa¥) il g S zele Jin ddpaiia 320 5 Clpniia e (e (5S35 3l

(NH,), CO,+H,0 »2NH; +CO

Aga 05555 ¢ lelllae 3 Wi ool ) g8 (Weak electrolytes) dimcall il sSIY) Ll

- Ainal) selsilly aleal) Jie ¢ SlneSl lall Jaagl)
CH3COOH cllall (asa : Camia (yaasd Jlia
CH3;COOH «—~CH3;CO0 + H*
NH;OH 55 5a¥) 2008 5 50 ¢ ddiaca 3206l Jia
NH,OH < NH;* +OH "~
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CeH, Og +H,0 >CH,0,

: CONH)2(5) =25 COWNH,)2(aq) 7 A

AR BN Commion Strong Acids and Their Anions

Common Strong Acids Anions of These Strong Acids
Formuila Name Formmla Nane
HCl hydrochloric acid Cl- chloride ion
HEr hydrobromic acid Br~ bromide ion
HI hydroiodic acid I- iodide ion
HNO, nitric acid NO,;~ nitrate ion
HCIO, perchloric acid Clo,~ perchlorate ion
HCIO, chloric acid Clo,- chlorate ion
N HSO,~ hydrogen sulfate ion
H,50, sulfuric acid ‘{ 502 sulfate tom
WLV R S Comnmeon Strong Bases
Group IA Group IIA

LiOH lithium hydroxide
NaOH  sodium hydroxide

KOH potassium hydroxide Ca(OH),  caleium hydroxide
RbOH  rubidium hydroxide Sr(OH), strontium hydroxide
CsOH cesium hydroxide Ba(OH), barium hydroxide

1 GINSEEN Somre Connmon Weak Acids and Their Anions

Common Weak Acids Anions of These Weak Acids
Formda Name Formmla Name
HF* hydrofluoric acid F- fluoride ion
CH,;COOH acetic acid CH;CO0~ acetate ion
HCN hydrocyanic acid CN- cyanide ion
HNOQO,t nitrous acid NO,- nitrite ion
L HCO,~ hydrogen carbonate ion
t 3 3
H,CO; carbonic acid {CO32_ carbonate ion
. HSO,;~ hydrogen sulfite ion
+ 3 )
H,50, sulfurous acid {5032— sulfite ion
H,PO,~ dihydrogen phosphate ion
H,PO, phosphoric acid HPO, - hydrogen phosphate ion
PO~ phosphate ion
o H(COO0),~ hydrogen oxalate ion
(COOH), oxalic acid {(COD)EE_ oxalate ion

*HF is a weak acid, whereas HCl, HBr, and HI are strong acids.

tFree acid malecules exist only in difute agueons sofution or not at all. Many salts of these acids ave conrmon, stable
componmds, bewever:
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Classification of Solutes in Aqueous Solutions

Particles Conducts
Type of Solute  Dissociation in Solution Electricity? Examples
Strong electrolyte  Complete Ions only Yes Ionic compounds such as
NaCl, KBr, MgCl,,
NaNOj;; NaOH, KOH;
HCI, HBr, HI, HNO,
HCIO,, H,S0,
Weak electrolyte Partial Mostly molecules  Yes, but HE, H,0, NH3,
and a few ions poorly HC,H;0, (acetic acid)
Nonelectrolyte None Molecules only No Carbon compounds such as

CH3OH (methanol),
C,H;0H (ethanol),
Cy,H270y (sucrose),
CH4N,0 (urea)

S LSl dlls ag, NaCH agiageal) 21)0l< @lly e Jliay :lonic compounds 4] el al

O ) lludl G52V Na™ Jie cations  (positive ions) (sl cangall (el e (o<
;e ealgVh and yualsl Legin Wb Uaisiyg CIF e (negative ions)

anions

P Aallally dasgall Clg) ars iagy Joan b Lasds

LIRS R BN Formaulas, Ionic Charges, and Names for Some Commnion Ions

Common Cations Common Anions
Formula  Charge Namnie Formula Charge Name
Lit 1+ lithium ion F- 1- fluoride ion
Nat 1+ sodium ion ClI~ 1- chloride 1on
Kt 1+ potassium ion Br~ 1- bromide ion
NH,* 1+ ammonium ion I~ 1- 1odide ion
Ag* 1+ silver ion OH~ 1- hydroxide ion
CN~™ 1- cyanide ion
Mgt 2+ magnesium ion ClO~ 1- hypochlorite ion
CaZ* 2+ calcium ion ClO,~ 1- chlorite 10n
Ba2* 2+ barium ion ClO;~ 1- chlorate ion
Cd*+ 2+ cadmium ion Clo,~ 1- perchlorate ion
Zn?t 2+ zinc ion CH;CO0~ 1- acctate ion
Cu’* 2+ copper(Il) ion or cupric ion MnO,~ 1- permanganate ion
Hg,>* 2+ mercury(I) ion or mercurous ion NO,~ 1- nitrite ion
Hg?* 2+ mercury(Il) ion or mercuric ion NO;~ 1- nitrate ion
Mn?+ 2+ manganese(Il) ion or manganous ion SCN™ 1- thiocyanate ion
Co?* 2+ cobalt(II) ion or cobaltous ion
NiZ+ 2+ nickel(Il) ion or nickelous ion 2— oxide ion
Pb?* 2+ lead(Il) ion or plumbous ion 2- sulfide ion
Sn2* 2+ un(Il) ion or stannous ion 1- hydrogen sulfite ion or bisulfite ion
Fel* 24+ iron(II) ion or ferrous ion 2— sulfire ion
1- hydrogen sulfate ion or bisulfate ion
Fei+ 3+ iron({IIl) ion or ferric ion 2— sulfate ion
AR 3+ aluminum 1on 1- hydrogen carbonate ion or hicarbonate ion
Ce+ I+ chromium(III) ion or chromic ion 2— carbonate ion
2— chromate ion
2— dichromate ion
3- phosphate ion
3— arsenate ion
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Measurements in posliall 8 clubadl)
chemistry:

Glasg e e adiay The International System of Units (SI) <laagll Joall allail)
Lo Aide (1585 lulidl) 8 lassll mues Oy, oL Jganll 3 daase dualud

Fundamental Sl Units

Measurement Unit Symbaol

mass kilogram kg

volume liter L

distance meter m

temperature kelvin K

time second 5

current ampere A

amount of substance mole mal

.
TABLE 1.3 | Prefixes Used with Sl Units
Prefix Symbol Meaning Example
tera- T 1,000,000,000,000, or 10" 1 terameter (Tm) = 1 X 107 m
giga- G 1,000,000,000, or 10° 1 gigameter (Gm) = 1 X 10° m
mega- M 1,000,000, or 10° 1 megameter (Mm) = 1 X 10° m
kilo- k 1,000, or 10° 1 kilometer (km) = 1 X 10° m
deci- d 1/10, or 107 1 decimeter (dm) = 0.1 m
cenli- c 17100, or 10°° 1 centimeter (cm) = 0.01 m
milli- m 1/1,000, or 107 I millimeter (mm) = 0.001 m
micro- i 171,000,000, or 107 1 micrometer (um) = 1 X 107° m
nano- n 1/1,000,000,000, or 107 1 nanometer (nm) = 1 X 107 m
pico- p 1/1,000,000,000,000, or 107'* 1 picometer (pm) = 1 X 10 "* m
Density and Specific Gravity Sl Oglly ABUKY)
Density (D): s Adlgy) .1

SI A dsall saagl o) . (vOlUME) aas 52y JSI (MasS) A0S Lyl e oy
G Leie i ) oSae sl Blsad) o) Aball sl glom® ) or (g/imL ) s ASGSY Al
Aoleall salls e il 28) (Q/L ) ed el Al W, Vsl e (g.em®), (g.mL™t)

(ALl

, mass
density =———— or D=

m
volume V

Plgall (ans AES ay JUN Jeaadls
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1IN BN Densities of Commion Substances™

Substance Density (g/cm?) Substance Density (g/cm?®)
hydrogen (gas) 0.000089 sand* 2.32
carbon dioxide (gas) 0.0019 aluminum 2.70
cork* 0.21 iron 7.86
oak wood* 0.71 copper 8.92
ethyl alcohol 0.789 silver 10.50
water 1.00 lead 11.34
magnesium 1.74 mercury 13.59
table salt 2.16 gold 19.30

“Cork, eak wood, and sand are commion materials that bave been included to provide familiar vefevence points. They
are not pure clesnents or compounds as ave the other substances listed,

¢ Joly) BES ok, 37.32 9 A o (goiat Jeili¥) sale (0 47.3 Ml (e z3sai 3(1) Sl
m 3132¢g

D=—=—7—"= 0.789 g¢/mL
7 473 mL S
g U JgliV) ann 5 Le, (e ShaaS Jelis 3 Ul e 116 g zlaal o313 £(2) Jlie
¢ Jelall
7 m 116 g
p=2" Ve=—=—"—"5 _— 147 mL
Za D 0.789 g/mL o
Jadb (Al e (4.61 gm) pax- 92 Led (0.88 gm/cm?) (b cpadl ABLS COE 13] £ (2) Jle
€ duxSall
- =l
(M?) 0955 O 2w el gl B9 0l i Jlged| IS (30
: Ja61 _ asi LEIpT
cm*5.2386 = - = = el _ wl-uhﬁl
1m?®=10°cm?
e=>==>J|(volume) = 5.2386 x 10 ®*m?
Specific Gravity (sp.gr) b dedl) ABUSY 5l e il Ol 2
ARl ) dapal) ki e sLally LS ) 8ol ZHES ¢y Lo dpnl] (i a5l e sill 05l
D bst .
Sp. Gr. = ————= PLIBE el &39ll
D water clall A28 *"'F&J LU}J
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03¢l ! (0.88 gm/cm?) = (Al 43LSH (1 gm/em?) = sl A3US C36'13) / (3) JUe

ch,:':_,«...).! 4:3.:&1

Sp Gr. — Dsubstance
Dwater -1

0.88 gm/cm3 _ jppll 485

0.88 = = o oe - o gl By

1 gm/cm3

¢ ool aijy oo Lo 2°20 Bl dnyn92.16 g/mL (A alakall mle d8ES CulS 1Y Jle

So. Gr. — D, B 2.16 g/mL _ BT
P T 1.00g/mL 7
Expressing Amount of solute : Balall dsaS (e il

(Mol)  Jsall s3ngy Lulisg :Mole Jall .1

(The Mole) Jsall

B - ligdl gl oloamll 5l Sl e (NA) 9599l duke e sgioed 1 duoS)l g 1disyas

(NA) gy0l=gdl 2uc

SR 3R (LS (renee DU gl eiyd ciligar) ST £lgun Bole ST (yo drlgll Jgall £l il g2
OUga¥ ol Ozl ol Wl e (6.022 x 107)

N4 =6.022 x 102 (molecules)

Sl Ol amnliall (508 GU W yiial Gll3g Bulg 3)dd (31 0)3! Dlws Laamas diY) ylalg
o0 93l g8l dds T liajaedl ol ST e dolg Jgo di-b elldg lgae Joladdl (Say s duaSUl
asliazeedl gl iy

1 mole = 6.0221367 X 1023 particles
Gy g5 Ao
(molecules) 6.022 x 1023 s $gios (07) pamuwSeVl Slivj (o d=lg Jgo @
(atoms) 6.022 x 10% e g5 (O) (aaeuwSoV Oh3 (o Ay Jgo o
e SSyall oo @3l sl = Sl oo Gl )1 = plyills o)l O Whas dirg il
atomic weight 3 Oyl @l Laxe aballh Ll jaliall Gl e aslgll Joall AS )
. (g.mol™) s ) (g/Mol) sasgs el <y molar mass  adsal) SN @ o Lo ) (At.WE)
Al 03¢ Wi Gl Jeall e AslAiu) Al (ALWE) saiall @) O3gl)  : Aadla

Al (i g¥) (e Alea a3y Molecular weight (M.wt)

5
—
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Weight (g)
No. of Mole =
Molecular weight(g/mol)
Wt. (9)
No. of mol =
M.wt (g/mol)

@i a5 millimoles (mMmol) <¥oe al 2ans c¥oall 330 2 ju O] Gan
b adall dasphll Ly ai¥ge el 2o Gl (K LS 1000 e \gans, ! ( 1/1000 of a mole)
Weight (g)

No. of Millimole =
Molecular weight(g/mmol)

Wt. ()
No. of mmol =
M.Wt (g/mmol)
Molecular weight (M.wt) : ‘_,.uJaJ\ Qg .2

(molecular weight and formula weight) dawall 0399 (ausadl 0!

(molecular weight) (&l 039l

Gl 0)g)) pusi—uns (M) 3oyl ) Sapg sgiamll 43 gSall duydll Dol gaacme 9o
riligl e Sgimd I OLSyall e Aedl ooy dadall § Olujar Lud o ugd ) OLSypel)
(NaCl) pg2agall duysls aladall zho CSpe Jio dui gl LS yall -

- I lizil (Mw) 5l O3l ders! /Jee

Nz, NO, C;Hs, N»0s CgH1g04N1S, CO3, H.0,, Ca(NOs);, Aly(COs)s, MgS04.7H,0,
H:50s, C2Hs0H, Zn(NOs3)2, CsH1206, CsH10N4sO:2

oyl Ol ¢l Lele
(H=1, C=12, 0=16, Mg= 24.3, Al= 27, N= 14, $5=32.1, Ca=40.1, Zn= 65.4)

Sol.

Mwnz = (2 x 14) =28 amu

Mwno = (14) + (16) = 30 amu

Mweans = (2 x 12) + (6 x 1) =30 amu

MW canizoanzs = (8 x 12) + (18 x 1) + (4 x 16) + (2 x 14) + (1 x 32.1) = 238 amu

MW apcosps = (2 x 27) + 3[(1 x 12) + (3 x 16)] = 234 amu

MW ngsoazhzo = (1 % 24.3) + (1 % 32.1) + (4 x 16) + 7[(2 % 1) + (1 % 16)] = 246.4 amu

¥
=7

5
—
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NaCl, Na250a - ik W) (Fw) diuall &g dargl /e
0= 16, Na=23,5=32, Cl=35.5 -:d,ddl gligVl ollele

Sol.

FW naci =23 + 35.5 =58.5 amu

FW na2s0s= (2 x 23) + 32 + (4 x 16)= 142 amu

P b paliall AM) fg¥) O cuale 13 LAY Gaalad sl Ol qual @ (b
Atwt:C=12 , H=1 ,0=16
CH;COOH =2C +4H + 20
=2x12 + 4x1 + 2x16
=60 g/mol
Db paliall A3 ofg¥) o) caale 13 agaageal) ligylsl vl sl qua) @ Jla
Atwt:C=12 , Na=23 ,0=16
M.wt of Na,CO; = (2*23) + (12) + (3*16) = 106 g/mol

(MWt= 122.1 Ao Cis 53 HBZ dgjidl paslal cse dally csall 230 quus) @ Jlia

.29 G g/mol)
Wt. (9)
No. of mol =

M.wt (g/mol)

No. of mol HBz=(2g/122.1 g/mol )=0.0164 mol HBz.
No. of mmol = (0.0164/1000) or (2g/0.1221 g/mmol )= 16.4 mmol HBz.

Home work (H.w) P o) gl
bl LS Hall Al (lie¥) aagl L1

Ca(OH),, NaHCO;, MgS0,.7H20

10 Cwle 131 CaS0,4.7H20 (1 aaly Jgal cilaljall 22e a2
(Atomic weight Ca=40,5=32 ,0=16 ,H=1).
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Expressing of concentrations: D RS e uadll Gk
Molarity (M) DA Nsal .1

sans o - dtaall (e L3 IS IR e sae Ll e Cipat 5l 5S35l
el g Lwll oSe LS, (MOI/L) s (MOLL™ ) gluss Ally (M) el & el S50
L dolaall e 1 (e ST e el e
salall &Y ga 22e
DAL Cudall aas

A/ Ja o By ¥ el 8n

ALY sall

M = no. of mole/Vol.(L) or M = no. of mmole / Vol.(ml)

= M This law used for solid state material
MWt xVmL mole/L, mmol/mL — Molar
Wt. (9) , V (ml)

No. of moles =M x V(L) L x1000 —ml
No. of millimoles = M xV(mL)

_ Sp.grx%x10
M.Wt.

M Molarity of liguid state solution

Density of Substance

Specific gravity : Sp.gr. =

density of Water

" Density of water (H.O) d (H,0) =1 - Sp.gr.=d

Dilution Law : Caaddll) (o gild

Caiad)l Jglaadl cNge 232 = 3S5al Jgladll cse 22

Number of moles of concentration solution = number of moles of dilution solution.

Conc. Soln. dil. Soln,
no. of moles = no. of moles
no. of millimoles = no. ofmillimoles

M;. V1=M2. Vz
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Al 4 55 J sl (30 500 ML et & slladl dcmil) o 55 il 52 X 1005
169.9 g/mole s» duaill ) 31l i 3all o540 o) Lale 30.125 M
Wit 1000
M= % < K — W =x1000
Wit 1000
0.125 = X
169.9 500

Wt=10.619 g

o A (8 03 geall 20uS g som ARLE20 D (e 250 slae LY se sl 1 2015

Hoiy 0516, Na=23 o d,l ol 5531 o) e i) oLl
M.Wt=23+16+1=40 g/mole

Wit 1000 20 1000
M= X M= X =0.25M
M. Wt V(mL) 40 2000
Formality (F) s Aulla,gdl) L2

(F) Jloysall Basgs (g Jelaall e il 3 Qldall dnalyall Zapcall flyg) 22e 8

Wt al Al 050

no. of fw= = dual il daaall G gl e
o.fw dagall &y

Wit 1000 Wit = al jalls 4gldal) Salall ¢y
F= X v = agldal) Balall dasal) o5y S
o.fw V(mL) V(mL)= sildally J slacall aza
fw/L or mfw/mL & 4l jgillSiia g
_ W x1000

F= FwL, m.Fw./mL — Formal

Or "~ FWEXVL
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Normality (N) D dallaysil) o Agjbadl 3

 (N) Jlopsid) gangs + Jslaall (e il & el duahal) IS sae Ll cajpery

N= no.of equivalent ‘“—,,‘-“L)ill lalsall Jae
Vol.of solution (L) N
A paalm

Wt
no.eq. = cqwe, "
— J
N=no.of eq. / Vol.(L) LS ala)
N=no. of meq. / Vol. (ml) N
ALl aaald)
Wit 1000 o
N= . QF al sl Ag1dal) Balall (3
eq. Wt V(mL) q- W= 413al) Balall G AlSal) 05l Jhay
yV(mL)= Allaly Jslasll ana
Al /e ASaila gl i/ (AlSa A Ay lall Slaa g
. Mwt. . .
Since; Eq.wt= — n : the reacting units
W x1000 .
= X0 For solid state material
eq.wt.XVmlL

N= eq/L, m.eq./mL — Normal

_ Sp.grx%x10
eq.wt.

N For liquid state solution

For dilute solution:

Ni1i.Vi=Nz2.V2

A. Of Element (Alsall CJJJJ_* [ PN g =
_ Awt paiell - 8SLIN 55 600 -]

eq-wt. = no.of oxidant oAl 8l

' g oo

Ex. 1. What is the eq.wt. of Mg? A.wt. =24 = paiall; 8SLl 5 5l

2.SUl aae

Eqwt =——t = 22—

no.of oxidant 2




( Analytical Chemistry) 4aluasl) ¢luwsl)

paeall A8 ¢ 55M -2
piaalall el 55l

) ‘ = aalall ; 88l 554l
J:}hm ;ﬂ.‘l]..;“ L'Jﬂ.j.j_)%\ﬂjl LL]I._'U:\\ s

B. Of Acid

Awt.
eq.wt, =

no.of hydrogen atoms interacting
Ex. 1. Calculate the equivalent weight of HCI? M.wt. = 36.5
HCl —» H" +CI

M.wt.
no.of proton replacable of base

eq.wt. of HCl =

365

eq.wt. of HCl = —/—= 36.5

- 1
Ex.2. Calculate the equivalent weight of H,SO,? M.wt. = 98.
H;SO4 — 2H® + SO«

M.wt.
no.of proton replacable of base

eq.wt. of H2SO4 =

eq.wt. of H;S04= 2= 49

So, H>SO4 has two reacting units of proton ; there are two equivalents of
proton in each mole. While HCI has one reacting unit of proton, there is
one equivalent of proton in each mole. So the normality of H>SO4
solution 1s twice its molarity.

N of H,SO4=M x 2

sac LBl LSl oy 5400 -3
saclall L 5all o 50

= saclall ; ISl ¢ 35

C. Of Base

M.wt.
no.of reactivehydroxil groups

eq.wt. =

Ex. 1. Calculate the equivalent weight of NaOH? M.wt. = 40

M.wt.
no.of reactivehydroxil groups

eq.wt. of NaOH =

eq.wt. of NaOH =22 =40
1
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Ex. 1. Calculate the equivalent weight of Mg(OH),? M.wt.58

M.wt.
no.of reactivehydroxil groups

eq.wt. of Mg(OH), =

eq-wt. of Mg(OH), =2 =29
elall LSl 30 4

= zlall Sl 5 )

lall s 3alh 50

lall 353 280 ae x 3l <l 53 2

D. Of Salt

Mwt.
number of metal atoms xno.of charge or no.of oxidant

eq.wt, =

Ex.: Calculate the eq.wt. of Na;CO3?M.wt. = 106

M.wt.
2%(+1)

106 _ ¢5

2%x(+1)

eq.wt. of Na2COz =

i) Jalall ; 8SA  5 5l -5

= Ul Jalell Al 5 5l

=l o)l

53 gaaall 5 5 STV 2ae

28 sall Jalall {;\:% 4 -6
ol oo
= 20 5all ANITASA 551
AnaSall Gl g ST dae

. a
E. Of material that suffer oxidation reduction

M.wt.
number of loss electrons

eq.wt. of oxidation =

M.wt.
number of gain electrons

eq.wt. of reduction =
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Ex.: Calculate the eq.wt. of manganese Mn*? and ferrous Fe™ in
the equation below?

MnOs + Fe2 +8H* + 5¢- — Mn*? + Fe™ + 4H,0

2 M.wt.
eq.wt. of Mn number of loss electrons
M.wt.
eq.wt. of Mn*? = th
12 M.wt.
eq.wt. of Fe number of gain electrons
M.wt.
eq.wt. of Fe*? = —:V :
A, &1 5991 £ sane B0 (131 queany
-ty s I S0 im0 S 11

Fe™?, Fe™, Na’, Ca™, Ni™

HCI, HySOs, HNOs, HiPOu, HaCOs
NaOH, KOH, Ca(OH),, Mg(OH),, Al¢ H);

CaCl;, NaCl, MgC I, NapCOs, Naj

- AL Jkll B Na J Sl 5l el 12 Vs
2Na + zmo —» 2NaOH 4,

eq.Wt Na=

H;SO4 + NaOH NaHS{h + H,O

P
1
r

Jslas e 250 mL  eanil 4 gl ‘,:,ﬁf._,..ail il g )€ il 2 2ae a4 s
s agasall g sl Juiadl 556l ol Lle Na)COs; 0.2 N agpall Slig s
M.Wt= 106 g¢/mole

106 clall (Al 5511 -4
eq.Wt = = 53 gleq RO s oz
2x1 1l 53 18l e x 3l il 3 are
Wit 1000 Wit 1000
N= X ,0.2= X
eq. Wt V(mL) 53 250

Wt=2.65 g
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S Cu(OH)y (il 208 5 50 (0 0.5g 41 e gl J stae Al 53 o
Cu=63.5 0=16 H=1 o &, ol 35V o Lale jlaiall oLl m]

<

M.Wt=63.5+2 x 16 + 2 x1=97.5 g/mole ‘&
[ ]
M. Wt \'

eq.Wt= {b;
no.of OH ions ready to substim%

97.5
eq.Wt = ——=48.75 g/eq
2

Wt 1000 ‘&
N= x
eq. Wt V(l%‘b
0.5 B}&y
N= I%P =0.103N
48.75 0

Molality (m) ANl .4

cddl e ahe (4 CQlall @Y e 22e 5l cudall (e e\)s}ﬁ:\s & Qldl O 2ae Jiddg

number o moles of solute

Wt. solvent (Kg)

Wit 1000
m= X

LYY Wt. solvent (g) m‘&t{%r mmole / g 4N gall Siaag

In dilute aqueous solution:
M=m
Weight of solution = Weight of solvent = Volume of solution
POVl Aol (ssles A Vsal dad g 05 Taa Aaidd) Jladl b

Joladll aas = Culddll O)g = Jslaall )
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A3l (e el J slae Y e sl 1 Jl g

ch!yZSDg‘_gﬁ_ﬁa_,ﬁal'l 208 g j2d e ‘
2S5 sl (sl o550 Ok Lale ¢ il

M.Wt=40 g/mole

Wit 5
n= = %0 %le
M.Wt 40 \6
\ 250
Kg= 1000 g ‘Q}{} g= =0.250 Kg
1000

nuniber of moles of solute  0.125

m= = =0.5m
Wt. solvent (Kg) 0.250
Wit 1000

or: m= X

M.Wt Wt. solvent (g)

5 1000
m= X =05m

40 250

Molar fraction (X) D Agall sl .5

Cotall 5 litall Y gl JSH saad) I cudall g 2l Y e dae s Al g

no.moles of (solute)

Mole of Fraction of Solute(X) =

no.moles of (solution)

no. of moles of solution = no. of solute moles + no. of solvent moles

no.moles of (solvent)

Mole of Fraction of solvent(X) =

no.moles of (selution)

X solute + X solvent = 1

s AL gl A0S San

ni n2

X= Xo=
ni+nz2 ni+n2
X1+X2=1
e =y, Sl Y e 20 =pp, el el S =X | liadl sl =X

—u uty. 9
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A=18 ¥ se e ob Gude B¢ Logd miie (3 AKB e JS1 Jsall oSl Q?i’:JL;w

B= g _"."C-j
ni 18
X=—- Xi=——=0.31()
ni+nz 18+40
n 40 \
X= — X>= .
n;+nz 18;0-4% A

- elall (e 90g & I () Jolae (e 5.8 O S Jsall ol Caneal) i

no.moles of (solute)

8]
I

Wt.
Moles (solute) = Tt CH;— C—CH,

Mole of Fraction of Solutesccionc(X) =

no.moles of (solution)

_ 58g
(3x12)+(1x16)+(6x1)=58g/mol

Molesolue) = 0.1 mole

90
Mole(golveﬂ{) = ﬁ = 5 mOIC

no.of solution moles = 5.0 +0.1 = 5.1 mole

nomoles of (solute)

Mole Fraction of Solute = romoles of (solution)

01
X solute = =1

X =0.0196

X =0.9804
Total Mole Fraction = 0.9804 + 0.0196
=1.0

K=39 0=16 H=1:ayill ofi¥) o Csale 13 0.3M KOH (50 250 Ml s & Jbia

Wit 1000

Mwt * V(ml)

. M x V(ml) x M. wt
- 1000

Mwt= (39x1) + (16x1) + (1x1)

M.wt= 39 +16+1 =56 gm

Wi — 0.3 X250(ml) x56
- 1000

Wt=4.2 gm

Weight 4.2 gm of KOH using a watch glass, transferin a
volumetric flask, add distilled water until the mark 250ml (mix using a
stirrer ) .

21




Relationship between Normality and Molarity
N=n xM

( Analytical Chemistry) 4udaill el
 Adla il A el a3 ABMlal)

Pl clelal) 36.0 M HgPO, (e Jslaal Lullaysilly ¢S (ol ol 2 Jlia

(a) H3POy4(aq) + 30H-(aq) = POs-(aq) + 3HO(s)
(b) HiPOy4(aq) + 2NHi(ag) = HPO*(aq) + 2NH,*(aq)
(c) HiPOu(aq) + F(aq) = H2POs(aq) + HF(aq)

or MWt

(a) EW=E=9?'994=32.665 N=nxM=3x%x60=18N
M

{(b}) EW = E = 97994 = 48.997 N=nxM=2x60=12N
il

(c) E‘W:E: 97.994 = 97.994 N=nxM=1x60=060N
il

Ca=40 O=16
Wit 1000

" Eqwt " V(ml)

N x V(ml) x eq. wt

Wi — (ml) xeq
1000

Eqwt = Mwt
AWl = Nomber of H or OH

(40x1)+(16x2)+(2x1)
2

Eqwt =

74
Eqwt=— =37

0.1x500(ml) x 37
Wt =
1000

Wt=1.85gm

(B

2 Ad (he¥) o) caale 1310.IN Ca(OH), 5« 500 Ml Jslae pan & Jbi
H=1
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. HySO4 (BN) (3 250 ml Jolse juas : Jba
Dil. Solu. Conc. Solu.

N1Vl = N2V2

250x03=5xV,

_ 250X0.3
5

V,=15 ml
o dslaal dllasil) Gl dligy 0.3N Aly(SOu)s o dslaal disall awa) @ Jba
. 0.2M Bi(NOy),
Pl (Sllg N dad Clasy agii dylad) (82 sl

A|2(804)3 =6
BI(N03)2 =3

N=nM — M= 3

% = [’? =0.05 molar Al, (SO,);

N Bi (NO;),=nM=3.0.2=0.6
37.413g e aslall 13 ¢ 500mI gial 13 HC chiy i€y gl Gaslal Ldlaysil) i) : Jlia
(36-5 s clisiSg ugl Gaalal Ll ¢jgll) - HCI 3 o

wt. 1000 M wt M wt
= * Eq. wt. HCl=—— = ——
Eq .wt . V ml n 1

_ 37.413 , 1000

36.5 500 =205

. ¢Wll (4 500 g < 4 gm NaOH (40g/mol.) zia (e sanall J glaal 4 sall ual : Jlia

Molality = (wt * 1000) / (M.wt * wt (gm)) = (4*1000)/(40*500) = 0.2 m
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P oSl o sl @)k
2hg giall dacdll 5 gial) 1S N -6

Expressing of concentrations:

0- Percentage Ratio:

A-Weight Volume Percentage Concentration: No. of g of solute in

100ml of solution
Jotaall Ga ilbe 100 (b il Glal @ sse 3 dranal) 435 6l 4 giall sl -

Wigof solute

%WV = x100
Voo of solution

NPIRENRSY
100 x = %W/V

ALl Jslaal) paa

B-Volume Percentage Concentration: No. of mL of solute in 100 mL

of solution
Jtaal) (e ilila 100 2 12l il jilda dae dsaaal) 4 siall dpwdl) -

Vi of solute

% VIV= x100
V1 of solution

Allally Gliall aaa
100 x =%V/V

ALy dslaad paa
(s,g:\.di + u,n\ldl) aaa = Jolaall aaa :akiaNa

C-Weight Percentage Concentration: No. of g of solute in 100 g of

solution.
Jstaall ¢pa pl & 100 2 cal) Slal g e 14405l & giall dpl)
Wt, of solute
% W/W= x100
Wi, of solution
AL Gl 05 g
100 x =%W/W
?bi.“.} Jslaall 039

(e + liall) (59 = Jataall 59 148aad
« Jelsall e 0.25L & asigeall 1uSo 08 (1 59 LI e gl Jelaal Ligiall Lol aen) 2 Jbia

Ex: Calculate the percentage ratio for solution result from dissolving 5 g of
Sodium hydroxide in 0.25 L of solution

Wi, of solute 5
YoW/V= x100 = x100 =2%

V1, of solution 250




( Analytical Chemistry) 4udaill el
. yhie sle 400 Ml Jsitisad) e 200 Ml d8lcal (e 230 Jslaal dogiall Gl Caeal : Jia
<V ds 7L Jslaal dagidl

Ex: Calculate the percentage ratio for solution result from addition of 200 mL of
Methanol to 400 mL distilled water.

Vo of solute

% VIV= x100
Ve of solution
200
% VIV= x100 =33.333%
200 + 400

- 15% usiall Zaall CulS 1 800 M 3 jumadl) 56S5ISH Jlae (o el 2 qanen) ¢ Jlie

Ex: Calculate the No. of g of glucose solution in 800 mL industrial solution, if its
percentage ratio is 15%

Wt, of solute
Y%W/V= x100
V1 of solution
Wt of glucose
15 = x 100 = 120g
800

Lo clidll e ales ) Sle 3.6 (o (s Ll aagp leadlan 5 lall gume (50 2.6 § )0 s 1 Jbe
¢ PPM s ke el 13 3 Sl 555 5a
- (Jolaall) po il (z3galll) mllaae Ul addiod ddaadla

S = ST AIE)
wt (g)
3.6 ng ng
= = 14—=1.4
26g = Ppm

Gram (g) = 1000 Milligram (mg)
Milligram (mg) =1000 Microgram (pg)
Microgram (pg) = 1000 Nangram(ng)
Liter (L) = 1000 Milliliter (mL)
Milliliter (mL) = 1000 Microliter(pL)
Microliter(pL) = 1000 Nanoliter(nL)
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Parts per thousandth (ppt )¢ <&l Jsl ¢ ja -7

Wt. of solute (w13l ¢3}3)

ppt=

x10°

Wt. of solution(Jsi><ll ¢1j3)

8-Parts per million (ppm ):

Wt. of solute (2l 0133

23 Gsla e a8

x10°

ppm =

Wt. of solution(Jsis!l &5 33)

9-Parts per billion (ppb ):

Wt. of solute (<2l &1 39)

w2 opl e -9

ppb = x10°
Wt. of solution(Jsisall 133)

g 3aY Ji b il H (A ila e A e
ppt mL/L =pL/mL | g/L =mg/mL | g/kg=mg/g
ppm pL/L =nL/mL | mg/L = pg/mL | mg/kg = ng/g
ppb nL/L ng/L =ng/mL | ng'kg =ng/g

Common Units for Expressing Trace Concentrations:
Unit Abbreviation wt/wt  wt/vol vol/vol

Part per million ppm mg/kg mg/L pL/L

pgls pg/mlL nL/mL
Part per billion ppb pgkg ng/L nL/L

ng/g ng/mL pL/mL
pL=picoliter =1L puL =microliter =10% L , nL = ninoliter =16° L

D p —Adla

p-Functions:

Al AL A sl e by el (K

pX =-log(X)
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tomnguel s 00 0.10 M HT Jsladd pH Glua + Jla
pH = —log[H"] = —l0g(0.10) = 1.00
and the pH of 5.0 x 10 * M H" is:
pH = —log[H*] = -log(5.0 x 10™*) = 12.30
2 x 10° M NaCl) e g1 Al dlladl 3 gs) O p ded caea) @ Jl

(5.4x10* M HCI)
NaCl—— Na' + CI~

HCI———> H" + CI
pH = - Log [ HsO0+]=- Log [ 5.4 * 10 ] = 4.268
pNa=-Log [Na+]=-Log[2*10°%]=23.699
pCl=-Log[Cl-]=-Log[2*10°%+5.4*10"]=- Log [2.54 * 10°*] = 2.595

¢ (PAg 0f 6.372) iy Jslan & AQ” Ll (¥ (5 ¥sal) 3N rnaal + Jlia
pAg = - Log [Ag’] = 6.372
Log [Ag'] = - 6.372 — [Ag]=10°%°=1.709 * 10° M

¢ 6.4 x10°M of Ag,S0, ¢ Jsiaal pAg and pSO, ) : Jlia
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Cl=35.5, Ag =108, S=32,0=16, Fe=56 Al=27, P=31, Zn= 65,
Mo=96, Ca=40, F=19, N =14, Ba=137,



