College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 2

Methods of expression of concentrations

S G i) ()

1-Molarity (M):

Number of grams molecular weight (moles) of solute per liter of solution.
Jslaall e 1 2 A3all 32l (10 (MOlES ) dsal sl Ay 3ol ) 551 e Leals oy 5 - A9 ¥ gal)

number of moles n

M= v(liter) M=V(liter)
Wt s
= = J
(where  n=-— ERRIAY Y sall 2ac )
_ no.of millimoles
(or) M = —
M = Wt 1000
- MWt VmL
_ wt(gm) _
-—M.Wt(%) /L =mole/L)

- AL Jslaall anaVmL ¢ 4ldall salall ( 8Sal 5l Jia eq W ¢ ol all dlaall sald) ¢35 Jia Wit
Units: mole/L  , ole/mL
Ex: How many grams of 0.125 M AgNOs used to prepare 500ml of its solution.

( M.Wt= 169.9 g/mole)

o Wt 1000 0 1ps _ Wt 1000
= = . =
MWt VmL 169.9 ~ 500
Wt — MxMWtxVml
B 1000
0.125 x 169.9x 500
Wt = ~10.619 g

1000

Ex: Calculate the Molarity (M) of solution result from dissolving 20 g of Sodium
hydroxide in 2 Litters of solution. Na=23, O=16,H=1

n

M= o NaOH M.Wt=23+16+1=40g/mol

Wt 20

N =4wt ~— 20 =05mole 07'5 = 0.25M
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Alda
Wt 1000 20 1000
M = X = M = — x—
MWt = VmlL 40 “" 2000 =0.25M
wt 1 20 1
M= —x— = M = — x-
MWt VL 40 72 = 0.25M

2-Normality(N):

Number of gram equivalent weight of solute per liter of solution .

sl G i 3 il (e ol o) ISl a0 iy i yat s (Aylla s sil) gl

N = number of equialent _no.of eq _no.of meq
- V(liter) ’ "~ V(liter) ' T VmlL
T el yall culadlSal)
N el all S e halted N
EES U SBE ' axall
N Wt 1000
= X
eqqwt VmlL
Units:eq/L , meg/mL

- O &

- AL Jsladl asaVmL ¢ Al salell LKA o550 Jiar e W ¢ ol sl i3l salall ¢35 Jiar Wi

Ex: How many grams of 0.2 N Sodium carbonate in 250 ml solution .
(M.Wt =106g / mole)

M.wt
no.of cations x oxidation number of cations

eq.wt(salt) =

eq.wtNa,co; % =53g/eq

_ wt 1000
eq.wt x VmlL
Wt 1000 _0.2x53x250

0.2 = 2.650g

= 53 * 250 Wt =—000
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Ex: Calculate the normality (N) of solution result from dissolving 0.5 g of Cu(OH)>
in 100 mL of distilled water. (Cu=635 0=16 H=l)

SOL)
[Cu(OH),] M.wt =63.5+ (2x16) + (2x1) = 97.5g/mole

M. Wt
no.of OH ions ready to substituted

eq.wt(base) =

97.5
quvtz—E—:48JSQMq
v Wt 1000 . 0.5 1000
= eq.wt " VmL 48.75 X100

3-Formality (F):

Number of gram formula weight of solute per liter of solution .

Jslaall (e 5l & ldall dal jall daall ¢ 35l 2o a1 Adlay gdl

_ number of formula weight

F

V (liter)
_ no.of milliformula weight P no. of m. fw
B VmlL - VmL
e Wt 1000
-~ g.fw X VmL

- ALLIL Jlsall aaaVmL ¢ el salall Aapall & )5l Jia fv ¢ al all bl salall ¢ )5 Jiey Wi s

Units: fw/L , mfw/mL
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4-Molality(m):
Number of Moles of solute per Kilogram (1000g) of solvent.

il (e (a£1000) ol st sLS 8 Il Y e 2ae Jiai 1 ALY gal)
number of solute moles
Wt.solvent. (Kg)

B Wt 1000
~ M.wt ¥ Wt solvent. (9)

m =

m

Units: Mole/kg or mmole/g

Ex: Calculate the molality (m) of solution result from dissolving 5 g of Sodium

hydroxide in 250 g of distilled water. (M.Wt=40g/mole)

wt 5
MNaon = 3~ = gg = 0.125 mole

mole

Kg = 1000mg = 250g = 0.250Kg

number of moles of solute 0.125
m = = = — = Sm
Wt.solvent. (Kg) 0.250
. _we 1000 _5 1000 _ .. le/
or: m= MWt~ Wt.solvent(gm) m= 40~ 250 mmote/gm

5- Mole Fraction:

The ratio between the number of moles of solute or solvent to the total number

of moles of solute or solvent .

. cudall g caldall Y gal QJSS\ 2aall Il o) laall &Y ge e Al g sé}d\ asd)

nq np
X1= Xo=——— = -mooeee- (X1+X2 =1)
nq{iny nq{iny

Guiall @Y e 20 Ny idall ¥ ga 20 Ny qudall L gal) sl Siag Xp ldall (A gall pus) Jlay Xy



College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 2

Ex: Calculate the mole fraction for A and B in its mixture if you know
number of Moles of A = 18 moles and B= 40 moles .

X = 18 =0.310
1718+40
or) X>=1.0-0.310=0.690 (Xo sl s )44 k)

6- Percentage Ratio: 4 siell i)

A- Weight Volume Percentage Concentration (weigh to volume percent ratio):
It is the number of grams of solute in 100ml of solution .
CJstaall e 5100 o2 ldal) el je dae ; Aganaldl 435 ol 4 gial) dpeail)

Wt(g) of solute
%WI/IV = x100

V(mL) of solution

sl laall ¢35
100 x < = %W/V
AL Jydl) om0

B- Volume Percentage Concentration(volume percent ratio) :
It is the number of milliliters of solute in 100 mL of solution

cJslaall e il 00 (A el il silile e ; dpanal) 4y gial) sl

VmL of solute
% V/V= x100

X BrifiPVERUNIRPN{JPEN
LG Jslaall aaa

VmL of solution 100 =%V/V

5
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C- Weight Percentage Concentration (weight percent ratio):
It is the number of grams of solute 100 g of solution.

CJstadd) (e o) 21008 il el e axe ;43860 A pial) Apadl

Wt (g) of solute
%W/W= x100
Wt (g) of solution

pl ol a0 5 5

100 X o

= %W/W

Gudall (s + @l o)y = Jslaall ()5 1 A3l

Ex1: Calculate the percentage ratio for solution result from dissolving 5 g of
Sodium hydroxide in 0.25 L of solution

Wtg of solute 5
5 _ X 100 = — x 100 = 2%
VmL of solution 250

VmL of solution

%WIV =

Ex2: Calculate the percentage ratio for solution result from addition of 200
mL of Methanol to 400 mL distilled water.

VmL of solute
% V/IV= x100

VmL of solution

200
% VIV= x100 =33.333%
200 + 400
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Ex3: Calculate the No. of g of glucose solution in 800 mL industrial solution,
If its percentage ratio is 15%

Wtg of solute
%W/V= x100

VmL of solution

Wi, of glucose

15 = x 100 = 120g
800
7-Parts per thousand (ppt ) gl J<d 5
Wt of solute(1xl (1 )5) 3
ppt= Wt of solution( s> (,)5) *10
_ Wtof solute (g) _mg
(OI’) ppt " Volume of solution(L) T mL
8-Parts per million (ppm) s Ol JSl e
_ Wtof solute( <=2 )5) 6
PP " Wt.of solution( Jsisal o5 5) *10
_  Wtof solute (mg) _hg
(or) ppm = Volume of solution (L) " mL
9-Parts per billion )ppb s osh e n
_ Wtof solute( 23 o)5) 9
ppb "~ Wt of solution( Jssal 0)5) 10
_  Wtof solute(ng) _ng
(or ) ppb “Volume of solution(L) “mL

Gram (g) = 1000 Milligram (mg)
Milligram (mg) =1000 Microgram (ng)
Microgram (pg) = 1000 Nangram(ng)
Liter (L) = 1000 Milliliter (mL)
Milliliter (mL) = 1000 Microliter(pL)
Microliter(nL) = 1000 Nanoliter(nL)
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part iquid in liquid Solid in liquid Solid in solid
ppt mL/L = pL/mL g/L = mg/mL g/kg = mg/g

ppm uL/L = nL/mL mg/L = pg/mL mg/kg = ug/g

ppb nL/L ug/L =ng/mL ug/’kg =ng/g

oo sl L) 5 o sl Lgianss 48 yma (AL Jllacall 3,80 55 a1 il il aloiiind (e -10

M = %xsp.gr Xx1000 A siall Lillx o5l 05 1000 M
- Mwt N -

N - % X sp.gr X 1000 A siall dpnaill X oo il 0550 X 1000 N
B eg.wt (A ) B
P % X sp.gr X 1000 A siall dpnaill X oo il 0550 X 1000 F

g.-fw Arpall ()5

Also these laws:

NiVi=N2 V2 , Mi1Vi=M2V2 , FiVi=F2 V2
Wt . .
Density (d) = V(ngz)) (UNIT :g/mL or Kg/L) ( % = 43Ul )

density of substance

Specific gravity (sp. gr) =

density of water

Glaa ol e (A& Balall e gl gl 1 AdaaSla
Balall A8l
s Lall A8l

= =5 008
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Ex1: Calculate the normality (N) of solution result from dilution 100mL. of
0.25 N Nitric Acid to 250mL

NiVi= N2V:

0.25 x 100 = N2 x 250 = N2=0.1N

Ex2: How can you prepare 0.1 N of 250 mL Sulfuric Acid if you know Sp.
Gr.

1.84, percentage ratio 96% and M.Wt. 98 g/mole

M.Wt
no.of Hions ready to substituted

eq.wt(acid) =

98 49
5=
% x sp.gr x 1000 0.96x1.84x1000
N = = = 36.049N
eq.wt 49

N1 Vi=N2V:
36.049 x V1=0.1 x 250
V1 =0.694 mL

By add 0.694 mL of acid and in 250 mL volumetric flask then complete the volume
up to the mark with distilled water.

Qw>.,4) How can you prepare 0.5 N of 500 mL Hydrochloric Acid if you know

Sp. Gr. 1.184, percentage ratio 37% and AWt. H=1 CI=35.5
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Solved questions on concentrations

Q1- What is the formal concentration of NaCl solution (M.Wt 58.5 g/mole) if
0.1753 g of the salt dissolved in sufficient amount of water to give 240mL of
solution?

Wt 1000

F= g.fw meL
0.1735 1000

F=—585 *2a0

= 0.0125 F (mfw/mlL)
Q2- Calculate the molality (m) of a solution which is 10% by weight NaOH
(M.Wt 40g/mole), supposing that we take 100gm of solution.

Sol.
In 100 g of solution: 10g NaOH + 90 g H,O

o owt 1000

™= Mwt * Wt solvent. (9)

10 _ 1000

20 <90 = 2.778 m(mmole/g)

Q3- Calculate the molarity and normality of a solution containing 10.6g of
sodium carbonateNa,CO3;(M.Wt 106g/mole) in one liter of aqueous solution?

n

V(Liter)
_owt 10.6 _o1 ;
"= Mwt 106 MO
0.1 mole

10
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wt 1000

M = X
Mwt V(ml)
_ 10.6 1000

X
106 1000

= 0.1 M (mmole/mlL)

M.wt

eq.wt(salt) = - ; - -
q-wi( ) no.of cations x oxidation number of cations

106
eq.wt(Na,co3) = i 53g/eq
_ no.ofeq _ wt 10.6 0.2
~ V(liter) ’ no.ofeq = eqwt 53 €q
0.2
N =—— =0.2N(eq/L)
(or)
wt 1000 10.6 _ 1000
N = eqwt X VmL = 53 ¥To00 — 0-2N(meq/ml)

Q4- 16 gram of KNOs is dissolved in 84 g of water to give 16%(w/w) KNO3
solution express the concentration in ppm.

wt of soluute

- x 10°
ppm wt of solution

m= =2 105 = 0.1905 ppm(*E)

11
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Q5- Calculate the number of grams of solute in:

a- 1liter of 0.2 N Ba(OH): solution.
b- 5 liter of 0.2 N (NaOH) solution.
171
a) eq. Wt (Ba(OH)z=T =85.5g/eg
N Wt 1000 We N xeq.wt xVml
= X = =
eq.wt VmL 1000
e  0:2%85.5x1000
- 1000 0B
MWt
b—) eq'Wt (base) = no.of hydroxide atoms ionized(OH™)

ed.wt NaOH = % = 40 gleq

N Wt 1000 Wt N xeq.wt xVml
= = =
eq.wt - VmlL 1000
_0.2x40x 5000 0
-~ 1000 '8

Q6- How can you prepare:
a- 250 mL of 0.25 F HCI, if sp. gravity of HCl a=1.184 and containing about 37% HCI
by weight.
b- 250 ml of 0.1M H3SO.. if sp. Gravity = 1.84 and containing about 96% H.SO; .

a-

% x sp.gr x 1000 0.37x1.184 x1000
F = = = 12.002F
g-fw 36.5
S b LSy ol () gilE 3kt 4t Chide Jslaa juaaily LaV¥) Gaslall € 5 Jiay 13a
FiV1=FV;

12.002 x V1 =0.25 % 250

_0.25x250

V1= oo = 5.207 mL

12
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By add 5.207 mL of acid and in 250 mL volumetric flask then complete the

volume up to the mark with distilled water.

b-
% x sp.gr x 1000 0.96x1.84 x1000
= M Wi = 98 = 18.024M
M1V1 = Msz

18.024 x V1 =0.1 x 250

- 25%250
1™ 48024

= 1.387 mL

By add 1.378mL of acid and in 250 mL volumetric flask then complete the volume

up to the mark with distilled water.

Q7- Calculate the normality (N) of a 500 ml solution containing 20gms of NaOH
(M.Wt 40 g/mole).

we 1000 20 1000 ..o
eqwt *VmL 20 *500 _ 1NOmeq

N =

Q8- Find the molarity (M) of NaCl solution if 1.17 %( W/V), M.Wt=58.5 .

Sol.

% W/V = No. of grams of solute(1.17g) in 100 ml Of solution
Wt 1000

M =
MWt X VmL

1.17 1000

M =
58.5 x 100

M =0.2M (mmole/mL)

13
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Q9- Calculate the mole fraction of 15% by weight aqueous sugar solution (15%
(W/W) C6H1205).

Sol.
M.Wt: CsH1,06 = 180 g/mole, H.0 =18 g/mole

In 100 g of solution: 15g C¢H1,06 + 85 g H,O

No. of moles of sugar
mole fractoin of sugar(X1) =

No. of moles of sugar + No. of moles of water

No. of moles of water
mole fraction of water(X2) =

No. of moles of sugar+ No. of molesof water

Numbers of mole of CsH1206 (n1) =

W 15 0.083 mol
MTMwe 180 oo Mot
Numbers of mole of water (n2) =
_ W 85 4.722 mol
"2 =y we 180 T eeMo
X, =—2 = 2988 017 (mole fraction of
1= ntn, 2805 ” (mole fraction of sugar)
n, 4.722 .

X, = = = 0.983 (mole fraction of water)

" ny+n, 4.805

X1+ Xo=1
0.017 +0.983 =1

14



