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Methods of expression of concentrations

S G il (3

1-Molarity (M):
Number of Grams of molecular weight (moles) of solute per liter of solution.

wt 1000 wegm) o
— M=——2</L =mole/L)
M = swe *VmL Mwe(5)

LG Jglaall aan VmL ¢ aloall Ll 30kl )9 Sl Wi

uUnits: mole/L mmole /mL

2-Normality (N):
Number of grams equivalent weight of solute per liter of solution.

wt 1000

Units: eg/L , meg/mL
eq.wt . VmlL a a

N =

3- Formality (F):

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

wt 1000

F =
g.fw x VmlL

Units: fw/L , m.fw/mL

- LG Jsladl ana VL Al salell Bacall o 55 Jias |, aloadl Alaal salal 55 Jias W 2 Cam

4-Molality (m):

Number of moles of solute per kilogram (1000 g) of solvent.

Wt 1000

= x Units: Mole/kg or mmole/g
M.Wt Wt.solvent.(g)

m
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5- Mole Fraction:

The ratio of moles of solute or solvent to the total moles of solute and solvent.

__ N __T
1_n1+n2

6- Percentage Ratio: 4 sl duall

A- Weight Volume Percentage (weigh to volume percent ratio):

It is the number of grams of solute in 100 ml of solution.

W~ Wt(g) of solute

_00

= X 100
\Y V (mL) of solution

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

\Y VmL of solute

=% = X1
\% % VmL of solution 00

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

w Wt (g) of solute
— % = _ X 100
W Wt (g) of solution

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

w Wt of solute
Wy = €))

A% "~ VmL of solution

x 100 =

5
%—EX100—2%

=
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Ex2:

Lecture 2
Calculate the percentage ratio for the solution from adding 200 mL of
Methanol to 400 mL of distilled water.

\Y o = VmL of solute < 100
\% 0 VmL of solution

\% 200

- % x 100

v " 7200 + 400

=33.3333 %

Ex3: Calculate the No. of grams of glucose solution in 800 mL of industrial
solution, if its percentage ratio is 15 %
WO/ _ Wtgof solute < 100
V "~ VmL of solution
Wtg of glucose
= 1
800 00
=120¢g
7- Parts per thousand (ppt) sia il J<lesa

opt = Wt. of solu.te (S OJ}? x 10°
Wt. of solution ( Jssd o))

(o) Pt =g ein ) = mt
8- Parts per million (ppm) s Gl JSl e a
R e A
(or)  ppm = ietion @ = i
9- (Parts per billion) ppb s ogh sl e
PPb = o i % 10°
o) oo - e
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Gram (g) = 1000 Milligram (mg)
Milligram (mg) = 1000 Microgram (ng)
Microgram (ng) = 1000 Nanogram (ng)
Liter (L) = 1000 Milliliter (mL)
Milliliter (mL) = 1000 Microliter (pL)
Microliter (nL) = 1000 Nanoliter (nL)
Part liquid in liquid Solid in liquid Solid in solid
ppt mL/L = pL/mL g/L = mg/mL a/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

o s L35 A sl L &b e (o ALl il 381 5 sl Y1 (ol il il (S -10

M = % X sp.gr x 1000 A siall dendliX o 5l 051 X1000 M
B M.wt. ol s o
N = % x sp.gr X 1000 A siall dpnaill X oo il 0550 X 1000 N
B eg.wt A () B
po % X sp.gr x 1000 A siall dpaill X o il 0551 X 1000 v
g-fw Aapall 055

Also, these laws:

N1Vi=N,V; , Mi1Vi=M,V, , FiVi=FV;

wt(g) g Kg

m = (unit:— or T)

Density (d) = -
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density of substance

Specific gravity (sp-gr) = — 0 i of water

salall 48l5S
cLal) 480K

= =5 08
Glas ol e (A& Balall e gl ) ¢ AdaaDle

Ex1: Calculate the normality (N) of the solution resulting from the dilution of
100 mL of 0.25 N Nitric Acid to 250 mL

NiV1= N2V2
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

eq.wt(acid) =
q-wt( ) no.of H ions ready to substituted

98
=— =49
2
% X sp.gr x 1000 096 x 1.84 x 1000
N=22"P9 = =36.049 N
eg.wt 49
N1 V1 = Nz V2
36.049 x V1=0.1 x 250
V1=0.694 mL

By adding 0.694 mL of acid in a 250 mL volumetric flask then complete the
volume up to the mark with distilled water

Qe2.4) 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 is dissolved in a sufficient amount of water to give 240
mL 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.W1t 40 g/mole), supposing that we take 100 gm of solution.
Sol.

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

_ Wt 1000
™= Mwt * Wt solvent. (9)
10 _ 1000
20 <90 = 2.778 m(mmole/g)

Q3- Calculate the molarity and normality of a solution containing 10.6 g of
sodium carbonate Na.COs: (M.Wt 106 g/mole) in one liter of the
aqueous solution.

n

- V(Liter)
_ wt _ 10.6 — 0.1 ’
"= Mwt 106 MO
0.1 mole
M=—=01M )
1 [ ]
. \ d}
M= wt o 1000
 Mwt V(ml)

_10.6 y 1000
106 = 1000

= 0.1 M (mmole/mlL)
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M.wt

eq.wt(salt) = - - ; p
q-wt( ) no.of cations X roxidation number of cations

106
eq.wt (Na,C03) = el 53 g/eq

__ no.ofeq o we 10.6_0 5
~ V(liter) ’ no.ofeq = eqwt _ 53 ¢

0.2
N =—= =0.2N(eq/L)

(or)

Wt 1000 10.6 _ 1000
N

= eqwt X VmL = 53 X000 = 0-2N(meq/ml)

Q4- 16 grams of KNOs dissolved in 84 g of water, give 16 % (w/w) KNOs
solution express the concentration in ppm.

wt of soluute

= x 10°
ppm wt of solution

16
ppm = o= % 10° = 0. 1905ppm( )
Q5- Calculate the number of grams of solute in:

a- 1liter of 0.2 N Ba (OH); solution.

b- 5 liters of 0.2 N (NaOH) solution.

a) eq.wt. Ba(OH)z_ =85.5g/ eq
N Wt 1000 Wi N xeq.wt xVml
= X = =
eq.wt VmL 1000

~0.2x85.5x1000
B 1000

=17.1¢g
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MWt

no.of hydroxide atoms ionized (OH™)

b) eq.wt (base) =

eq.wt NaOH = % = 40 g/eq

N Wt 1000 Wi N xeq.wtxVml
= = =
eq.wt x VmL 1000
Wt — 0.2 x40x 5000 40
- 1000  ®°

Q6- How can you prepare:

a- 250 mL of 0.25 F HCI, if the sp. gravity of HCl a=1.184 and containing about 37 %
HCI by weight.

b- 250 ml of 0.1 M H>SO.. if the sp. Gravity = 1.84 and containing about 96 %
H.SOs, .

a-

% x sp.gr x 1000 0.37x1.184 x1000
F = =
g.-fw 36.5

= 12.002F

- o LS g casanl) 4 5lE (galat 4t i Jlaa jucanily e (aalall 38 5 S 13
FiV1=F:V;

12.002 x V1 =0.25 x 250

_0.25x250

vy = = 5.207 mL
12.002

By adding 5.207 mL of acid and in 250 mL volumetric flask then complete
the volume up to the mark with distilled water.

b-

M_%xsp.grxlOOO _0.96x1.84x1000
B M.Wt B 98

= 18.024M
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|V|1V1 - Msz

18.024 x V1 =0.1 x 250

_ 25x250

vy =2 =1.387 mL

By adding 1.378 mL of acid in a 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 20 g of NaOH
(M.Wt 40 g/mole).

wt 1000 20 1000
= X = 1N(meq/mL)

N =
eq.wt x VmL 40 500

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

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

by Wt 1000
T Mwt *VmL

1.17 1000

M =
58.5 x 100

M =0.2 M (mmole/mL)
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Q9- Calculate the mole fraction of 15 % by weight of 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 CsH1,06 + 85 g H,0

No. of moles of sugar
mole fraction of sugar(Xi) =

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 moles of water

Numbers of mole of C¢H1206 (n1) =

_ Wt _ 15 083 mol
“M.wt 180 oo mose

nq

Numbers of the mole of water (nz) =

__Wr 8 4.722 mol
=y we 180 T eemote
n 0.083
X, = o _:nz = 1805 0.017 (mole fraction of sugar)
n 4.722
X, = S = 0.983 (mole fraction of water)

" n,+n, 4.805

X1+ Xo=1
0.017 +0.983 =1

10



