Analytical chemistry

Analytical solutions Alidat) Jallaall

Standard Solution (i) J glaall

A solution of accurately known concentration, prepared by
dissolving a known amount of solute in a known volume of solvent.
Examples: - 0.1M Na,CO5; , 0.1N - HCl , 2%NaCl , 100mg/ml
glucose, 40mg/dL HDL , 50 ppm Na™.....etc.
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Primary standard solution (AN (bl J glaal)
A solution of accurately known concentration prepared from primary
standard material which has the following properties:
Al Cldeall @llia 4 5l 4l 3ale o s Janally 38 5l glas Jslae
Requirements of the primary standard materials:-
1- High purity (99.99%) "Analar"
2- Stable toward air (not absorb H,0 or C0O, from atmosphere).
3- Available in reasonable price.
4- Soluble in titration medium.
5- Has a large molecular weight (M.wt.) so that the relative error
associated with weighing would be low.
a5k sl e Oa )l 2uS sl JU o) el (aial Yool sell olad 3 jEiine ¢ Aylle B\
Aol a8 s Mo e o) e ¢ panl) Jan g (8 4000 ¢ J e yran
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EX: Na,CO;,AgNO;, K,Cr,0,, H,C,0, EDTA , Na,S,05, KIO.
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Secondary standard solution 6 $E uldl) ] glaall

This is usually prepared from non-primary standard substance and

prepared in approximate concentration = 0.1M,and its concentration

Is then determined accurately by titration with a solution of primary

standard material

Ex/0.1 M HCl ,0.1N NaOH, 0.1N H,S0,, 0.1N KMnO,

Otz o 5OV 50 (0.1%) DMa )8 S yiy dasn s A sl Al e Bale (e ddle judany
A ) Al 3ale Jslae e s Gy ok e Janaally o S 58

Preparation of standard solution (ol Jolaal) juant 4dS
1- Weight the substance in watch glass.

Acludala ) 8 salall o
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2- Dissolve the substance in little water in a beaker supplied
with glass rod.
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3- Transfer the dissolve substance into 100ml volumetric flask
supplied with a funnel and diluted to the mark with distilled water.
Jeae Jo 100 dxws dpeaa g ) salall Jglaae Jay
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4- Shake the volumetric flask with the solution for homogeneity.
staall (pilad Jal (e ) ga 820 dpenal) Aall o a

Methods of expressing concentration

Preparation of solutions:

From solid materials dlall 3 gall ge

Percentage % (wt. /vol.) (Weight/ volume)

wt.of solute (gm)

% wt./vol. = 100
hwt./vo vol.of solution (ml) %

Weight = ¢ - wt. of solute = <l &5
Volume = aaall - vol. of solution = J sl axa
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Examples:
Ex1/ Find the weight in (gm) required for preparation of 250ml|

of 0.5%NacCl.

Sol/l
wt.of solute (gm)

% wt. .= 1
fowt./vol vol.of solution (ml) x 100

0.5 = —— x 100
250

0.5x 250 =100x

0.5 x 250
*="100
x=125gm

diana 2 3 Hhddll Wl e 250mM1 (A X5 NaCl 3 0w 1.25gm o)

EX2/ A solution of sodium chloride of concentration of 0.5%,
find the weight of NaCl dissolved

Sol/l
wt.of solute (gm)

% wt. .= 1
fowt./vol vol.of solution (ml) x 100

0.5 = —— x 100
100

x = 0.5 gmof NaCl dissolved
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HOME WORK

1- Calculate the weight required for preparation of :-
a- 100 ml of 3%NaOH. sol; wt =3gm.
b- 500 ml of 5%NacCl. sol; wt =25gm .

2- A solution of 200ml lead nitrate of concentration
of 0.25%, find the weight of lead nitrate Pb(NO5)2
dissolved?

sol; wt= 0.5gm
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Part per million s sl e a
A solution containing one part of solute dissolved in 10° part of
Solution.
Cdsladl e e 32 810 (B Qe QA e aaly e a e g ging Jolaa
i.e. One gram of NaCl (sodium chloride) dissolved in 10® ml — give
1ppm. Of NaCl solution.
ppm = ug/ml = mg/L.
= ug/gm = mg/Kg.
= nl/m = ullL .

1Kg =1000 gm = 1000 000 mg
1L =1000 ml = 21000 000 ul

1000 000 000 ug .
1000 000 000 nl .

wt.of solute P
ppm = — X 10
wt.of solution

Weight of solution = volume of solution (in case of water as a solvent.

__ wt.of solute (gm) 6
S PPM = e otution (mD x 10° (In case of H,0 as a solvent).

EX1/ Find the weight of sodium chloride required for the
preparation of 100ml of:

a- 100ppm NacCl

b-100 ppm Na*

c- 100 ppm CI™ .

Sol/l
a_

wt.of solute (gm
f solute (gm)

PP = Lol of solution (ml)
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100 = —— x 106
100

100 = 10* x x

100 1

10* 100

= 0.01 gm of NacCldissolve in 100ml of H,0 give — 100ppm solution of NaCl

X =

b-

_ xof Na¥ .

100 = W x 10

x of Na* =0.01 gmof Na*
M.wt of NaCl At.wt.of Na*
23 4+ 35.5 =585 23

X 0.01

58.5 x 0.01

X = >3 = 0.0254 gm of NaCl

0.0254 gm of NaCl dissolve in 100 ml of H,0 give 100 ppm of Na*

C_

xof Cl™

100 = x 10°

xof CI” =001l gmof Cl™

M.wt of NaCl At.wt.of Cl™
23+ 35.5=585 35.5
X 0.01
_ 585 x0.01 0.0164
R

x = 0.0164 gm of NaCl dissolve in 100ml of H,0 give 100 ppm of Cl™
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EX2/ Find the weight of glucose required for the preparation
of 100ml of 150mg/L glucose in water.

mg/L = ppm so 150mg/L = 150 pg/ml = 150 ppm.

Sol/l

_ wt.of solute(gm) « 106
ppm = vol. of solution(ml)

150 = —— x 106
100

—150—0015
X =75z = 0.015gm

0.015gm of glucose dissolve in 100ml of water to give 150mg glucose/L

Concentration in (mg/ml)

Number of milligrams of substance dissolve in one milliliter of
solution.

Jotaall e il e aal g A IR salad) (e Sl alall dae
Ex3/ Find the weight of NaCl required for preparation of 100ml|
of 5mg/ml of NaCl.

Sol/l
volume weghit
1ml 5mg
100 b
5x100
X = = 500 mg
1
_ 500 0.5
*~To000 ~ "I

0.5 gmof NaCl dissolve in 100ml H,0
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Concentration in (mg/ dL)

1dL =100 ml

So 1 mg/ml =100 mg/dL
2 mg/ ml=200mg/dL
3 mg/ml =300 mg/dL

Ex4/
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Molarity (M) ag N gall

Number of moles of solute dissolve in one liter of solution.

wt.of solute

. no.of moles of solute Mwtof solute
molarity (M) = — = — J l
vol.of solution in liter vol. of solution (ml)

1000

wt.of solute x 1000
M.wt.of solute X vol.(ml)

molarity (M) =

<l 55 X 1000

¥ sl = ——
(Jo)dstaall ann X ldall i sa ()5

Wt. of solute = Gl ()
M. wt. of solute = Il Sl ¢35l
Vol. my) = PPN P PAEON(PEEN
(Wt.) Oosl) alal Sy 49 )Y sall (538 (g

M X M.wt X vol,;
1000

(Je)anall X Guiadl sl X A,Y sal
1000

wt. (gm) =

= () 05
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EX5/ Calculate the weight of sodium hydroxide (NaOH)
required for preparation of 500ml 0.5M of NaOH .
at. wt: Na=23, O=16, H=1 gm/mole.

Sol/l
M X M.wt X vol,,
wt.(gm) = 1000
05 X (23+16+1) X500 0.5 x 40 X 500
wt.(gm) = =

1000 1000
Wt.= 10 gm of NaOH dissolve in 500ml to give 0.5M - NaOH .
Al s
Ve 1 g dsladl e Jull G lbsalall e i 0o S
Nl b 1 A QN NaOH e 40
Loal )Y 501 «— Sy 30 500 & IS NaOH o o& 2/40

EX6/ A solution of concentration of 2-molar of NaOH
calculate the weight of NaOH dissolve?

Sol//
wt.x 1000
- M.wt.x Vol.
wt.x 1000
2= 20 x 1000

wt.= 80 gm dissolve in one liter
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Normality (N) ag )

Number of gram — equivalent of solute dissolve in liter of solution.
CJstaall (e il 8 ) el (e A el jall 2xe

gram — equivalent of solute

Normality (N) =
y (V) volume of solution in liter

Sl Gilal all dae

= 4 )kall
DAl Jslaall ans

weight of solute/equivalent weight of solute

N) =
(V) Volume of solution (ml)/1000

Wt. of solute x 1000
eq. wt. of solute X vol. (ml)

(N) =

1000 X (wt. )<=l &5

, = 4 kel
(mI)Jall Jslaall aan X (eq. wit. ) laall L8 o 5 5l

(So)pnall XS ¢35 X (V)
1000

= (p) 08

. N X eq.wt.X vol.
wE= 1000
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Equivalent weight (Eq. Wt.) (Al &3l

Molecular weight of acid

.Wt. d =
eq-wt.of act Number of proton liberated or No. of OH™ reacted

oaalall 5l )5
U WAIOH ~ amalas 220 513 ) jadall Gl gig pll 2o

= Uadall d&dl 55

EX;
1- Hydrochloric acid
HCl — H*+ Cl™ Eq.wt. = M.wt. of HCL /1
2- Sulphuric acid
H,S0, — 2H* + 50,2 Eq.wt. = M.wt. of H,50,/ 2
3- Phosphoric acid
HyPO, — 3H' + PO, 3 Eq.wt. = M.wt. of H;PO, / 3
4- Acetic acid
CH;COOH = H* + CH;,C00~ | Eq.wt.= M.wt. of CH;COOH /1

HClO, , HIO, , ... efc.

5- Oxalic acid

H,C,0, 5 2H" + C,0, 2 Eg.wt.= M.wt. of H,C,0, /2
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Molecular weight of base

Eq.wt.of base =

saclall A jall 55l

No. of OH™ group or with No. of proton reacted

sac Lall Z;\SAS\ UJJ

e latall Gl g3 g pll 2ae 515 il OH ~ aalase 22e

EX/
1. Sodium hydroxide

NaOH — Na* + OH —

.wt. = M. wt. of NaOH /1

2. Calcium hydroxide

Ca(OH), —— Ca** + 20H~

.Wt. = M. wt. of Ca(OH), /2

3. Aluminium hydroxide

AL(OH)s —— Al*** + 30H"

.wt. = M. wt. of AL(OH)+/3

4. Sodium carbonate

Na,CO; + 2HCL — 2NaCl
+ CO, + H,0

. wt. = M. wt. of Na,CO0; /2

5. Sodium bicarbonate

NaHCO; + HCl — NaCl
+ CO, + H,0

. wt. = M. wt. of NaHCO; /1
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Equivalent weight of oxidizing and reducing substance

M.wt.of oxidizing or reducing substance
No.of electrons released or accepted

salall A sadl 0551
LiSall g 33 gaaall i g KTV dae

Eq.wt. =

= 4 yidall 5l 300 5all salall KA 5 56l

EX/
+7 +2
MnO,” + 8H* + 5e—— Mn*2+ 4H,0
y+@x-2)=-1 , y=-1+8=+7
M. Wt.of KMnO,
Eq.wt.of KMnO, = c
+12 +6
Cr,0, % + 14H* + 6e~ — 2Cr*3 + 7H,0
2y +(7x—=2) ==2 , 2y =14—-2=12
_2_
= — =
Ex/

Fet?2 — Fe™3 + 1e

eq.wt.for Fe = M.wt./1
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M. wt of salt
No. of charge

Equivalent weight of salts =

éiﬁliﬂ\ = glall (S G0
Ex/
Eq.wt.CdCl, = M-Wt-OZdeC]Z
Eq.wt.5nCl, = M.wt.of SnCl,

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkhhhhkkkkkkk

EX/ Find the normality of a solution containing 5gm of KMnO,
in one liter solution.

Sol//

M.wt.of KMnO, = 158

N — Wt.of solute x 1000
~ Eq.wt.of KMnO, X Vol.(ml)
5 x 1000 5x 1000

_% x 1000_1?58><1000

N = 0.158
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EX/ A solution of 2% KMnO, find out its normality?

Sol/l
wt.of solute

% wt/vol. = X 100
% wt/vo vol.of solution
X
2= ——=%x100
100
x=2gmin100ml
B wt. X 1000
~ Eq.wt. X vol.(ml)
_ 2 x1000
=2 X100
N = 0.63

EX/ Calculate the weight required for preparation of 100ml

0.1N KMn0,?
Sol//
. N X Eq.wt. X vol.(ml)
W= 1000
0.1 x 28 % 100
wt. = 2 = 0.316 gm

1000

Relationship between N, M and ppm
g3 Gola 0S5 50 & N gall & jlad) AV

ppm = molarity (M) x M.wt. x 103

ppm = normality (N) x Eq.wt. x 103
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Preparation of solution from concentrated liguid solution:

If we have a bottle of concentrated hydrochloric acid (conc.),
we will find the = following notes on it:

1-%of HC 1 = 36.5 %

2- specific gravity(sp.gr) =1.18
3- molecular weight (M.wt.) = 36.5
SV O P o 38 pall el )5S 5 el (aalad dal) 4y )Y e auni -1

EX/ preparation of 500ml of 0.1M —-HCI .
Sol/l

% X sp.gr.x 10
M.wt.

365 x1.18x 10
~ (355+1)

Molarity of the bottle =

=11.8M

il 5 ol At -2

Ml X Vl - Mz X VZ
'."S\d.é ..,.“ aa

11.8 x V; = 0.1 X 500
V=01 x 220 _ 4o3mi
1= 5 A T1g T oM

(pipet 3 x>« (pipet) fale aladiuly &l )oK el (ads 0 Jo 4.23 (wii -3
volumetric duass 4wl 8 & scngd) Hhiall cld) e Q8 1 Galeay s filler)
J« 500 aaa flask
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O aadiiiy HCL e golke 0.1 (o e 500 Jslas ppasd (Say Ay hall iy
;L“JJS\

% X sp.gr.x 10
Eq.wt.

Normality of bottle =

4 sl Al X e @l 5560 X 10

JETICIUYE JRCCu

N1 Vi1 = N2 Vo
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Summary: Ladal

wt.of solute

1- % wt./vol. = —————  x 100

vol.of solution

wt.of solute X 1000
M.wt.of solute X vol. (ml)

2- Molarity (M) =

wt,of solute x 1000
Eq.wt.of solute X vol.(ml)

3- Normality (N) =

wt.of solute

10°

4- ppm =

wt.of solution
5- ppm = Molarity x M.wt. X 1000

6- ppm = Normality X Eq.wt. X 1000

% X sp.gr. x 10
M.wt.

7- Molarity of bottle =

% X sp.gr.x 10

8- Normality of bottle =
Eq.wt.

9'M1XV1=M2><V2

. . M.wt.of acid
10- Equivalent of acid = : —
No.of protons liberated or OH™ accepted
. M.wt.of base
11- Equivalent of base = —
No.of OH ~ or No.of H*reacted
. M.wt.of salt
12- Equivalent of salt = ———
No.of charge
. . M.wt.of oxid. orred.
13- Equivalent of oxid. red.= !

No .of electrons liberated or accepted
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Examples:
Ex 1/ a solution of 2% Cd(NO3), find:

a- Molarity of the solution.
b- Normality of the solution.
c- The concentration in ppm of Cd(NO3), or ug / ml.
d-The concentration in ppm of Cd*? or ug / ml.
e- The concentration in ppm of (NO3) or ug / mi.
f- The concentration of Cd(N0O3), in mg/ml.

Atomic weight of Cd =112.41, N =14, O = 16 gm/mole.

Sol//
M.wt.of Cd(NO3), = 11241 + 2(14+3 x16)
= 236.41 gm/mole
236.4
Eq.wt.of CdA(NO3), = — = 118.2 gm/ mole.

wt.of solute x1000

a- MOlarity = M.wt.of solute x Vol(ml)
Molarity — 2 X 1000 — 0084 M
Oy = 93641 x 100
wt. of solute
0 = X 100

"~ Vol.of solution

= m X100 =2 gm Of Cd(N03)2

. wt.of solute X1000
b-Normality = !

Eq.wt.of solute x Vol.(ml)

_ 2 x 1000
Normality = = 0.169N

118.2 x 100
C-ppmof Cd(NO3), = Molarity X M.wt.x 1000
= 0.084 x 236.41 x 1000

= 19857.6 ppm of Cd(NO3),
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M.wt of CA(NO3), At.wt.of Cd*?
236.4 112.4
2 gm y
y= 1124 x c 0.9509 gm wt.of Cd*?
' 236.4 ' .
wt.of Cd*?
ppm of Cd*? = ! x 10°

wt.of solution

_ 09209 X 10® = 9509
~ 7100 - oon PP

e_

M.wt of CdA(NO3), At.wt.of 2(NO3)
236.4 2(14 + 3 X 16) = 124 gm
2 gm Z
= X = .

z= 124 X o= 1.0490 gm of NO;

ppm NO3 = 1'33? X 10® = 10490 ppm of NO3

f-

The conc. Of Cd(NO3),in mg / ml
The concentration of solution is 2gm in 100ml.

2 X 1000 = 2000 mg

2000

— =2 :
100 0mg / ml

mg/ml =
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Home Work 1:

A solution of 0.1% Pb(NOs3), find the concentration in:

a- Molarity
b- Normality
c- ppm Pb(NO3) >
d- ppm of Pb*2
e- ppm of (NO3)
f- mg/ml of Pb(NO5),.
At. wt. of Pb=207.2 ,N=14 , O =16 gm/mole.

Home Work 2:

Find the volume of concentrated Hydrochloric acid required for
preparation of 2 liter of 0.1N HCL.
M. wt. of HCl =36.5gm/mole, % =36.5 , Sp. gravity = 1.18.

Home Work 3:

Find the weight of NaCl required for the preparation of 100ml of:
a- 500 ppm of NacCl
b- 100 ppm of Na* .
c- 200 ppm of CI™ .
At. Wt. Na =23 , Cl=35.5gm/mole.

Home Work 4:

A solution of 0.2M of HCL. Find its concentration in ppm?
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