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Part per million (ppm) Concentration

It is a convenient way to express the concentration of the very dilute

solution ( by ppm or ppb).
(L ppm=1mg/liter) or (1 ppm=1pg/mL)

ppm: is a mass ratio of grams of a solute component to one million

grams of sample.

mass of component
Cppm - f 1% (g) X 106
mass of sample (g)

or a mass ratio of grams of solute to one million grams of solution.

mass of solute(g) 6
Cppm = 10
PP ass of solution (g)

mass of solute(mg)

Cppm =

volume of solution(liter)

wt(ng)
wt(mg) _ 1900

vV (liter) %

Cppm =



Then Cppm is measured by mg / liter or g /mL
19g=1000mg |, 1mg = 1000 pg 1g=10%g
_wt(g) 6
Cppm = VL X 10
Example: What is the weight of KCI needed to Prepare 500 mL of

(1000 ppm) aqueous solution ?.

solution :
_wt(g) 6
Cppm = VL X 10

th _ Cppm X VmL
100

__ 1000 x 500

wt(g) = =05¢

106

Then 0.5 g of KCl is to be dissolved in water and the volume is
completed to 500 mL in a volumetric flask to get(1000 ppm ) solution.

Relationship of ppm with Molarity (M) and Normality
(N)

ppm =M x M.Wt x 1000
ppm =N x Eq.Wt x 1000

: _ _ Ppm
Molarity(M) = +—=——00
(M YN sl JIPPm o 528 0 Jysall (38l 134 pakien
. _ __ Ppm
Or Normality(N) = Eq.wt x1000

(N ) Aausill 3880 NPPm s S AN Jugatl ¢ gill) 138 asdiey



Example: Calculate the molarity of K* for the KsFe(CN)s (329 g / mol)

agueous solution of (63.3 ppm) concentration.
Solution :

KsFe(CN)s 2 3K* + FE(CN)53'

1mole 3mole
Molarity(M) = — 2 = 2392 _ 1 97 % 10*M (molarity of
Mwt x1000 329 x1000

ngE(CN)G )
Molarity of K* (My. ) = 3x1.92 x 10*M =5.77 x10* M

Exercise:

Calculate the molarity of (K*) in 1740 ppm aqueous solution of
K2SO4 (174 g / mole).
Example:

The maximum allowed concentration of chloride (35.5 g/mol) in drinking

water supply is (2.50 x 102 ppm) . express this concentration in terms of

mole/liter (M) ? ppm = mg/L
Solution:
, PP
Molarity(M) = —thxTOOO
2
Molarity(M) = ——o = 25X19° _705%103M

Mwt x1000  35.5 x 1000

Second method:

2.5 x10°mg

2.5 x10? =
x ppm liter



_ wt g
Molarlty (M) = m

(25x10%x1073) g
35,5x1

Molarity (M) = 7.05 x 10 M

Molarity(M) =

Example :

A 25 uL serum sample was analysed for glucose content and found
to contain 26.7 pg. Calculate the concentration of glucose in ppm and
in mg/dL.

Solution:

1 mL = 1000 puL

v(uL) _ 25(ul)

— -3
1000 1000 =25x10"mlL

V(mL) =

wt(nug) _  26.7
VvmlL 25x1073

Cppm = =1068 ppm

1dL =100 mL

Vim

V(mL) _25x1073mlL
100 100

V(dL) = = 25x10° dL

mg = 1000 ug

weight (ng)

- / -3
000 - weight (ug) x 10

wt (mg) =

wt (mg) = 26.7 x 103

wt(mg) _26.7x1073
V(dL) ~ 25x10-5

Concentration (mg/dL) = =106.8 mg/dL

Cppm
10

** Then C (mg/dL) =



Molarity(M)xM.wt x1000

Then C (mg/dL) = 10

C(mg/dL) = Molarity(M) x M.wt x100

mg/dL = (3) % x1000

weight of solute(g) x 100%
0

(5%

volume of solution(mlL)

Wi, _ 26.7 x107%(g) o —
()% = Seosme X 100% = 0.1068

mg/dL = () % x 1000

0.1068 x 1000 = 106.8 mg/ dI

Molality(m):

1Al ARy ke

The number of moles of solute per kilogram of solvent.

Jslaall Gadd s il () 5 padinl Lia 4.5l

(3l (e ) ye LI 8 Al Y ga dae= 40l gl

Solute = Il solution = Jslasll 5 solvent = il

number of moles(solute)

Molality(m) =

mass of solvent (Kg)

number of moles(solute) _ number of moles(solute)x 1000

MOIaIIty(m) = mass of solvent (ﬁ) B

mass of solvent(g)



Example :
Determine the molality of a solution prepared by dissolving 25 g of
solid KNOs (101.1 g/mole) into 500 g of water.

Solution:

number of moles(solute)x 1000

Molality(m) =

mass of solvent (g)

=0.247 moles

t 25
No of moles(solute) = — = g
M.wt 101.1 g /mol

number of moles(solute)x 1000 _0.247 mol x 1000

MOIaIIty(m) = mass of solvent(g) 500 g

Molality(m) = 0.494
Example:

The mass of an aqueous solution that contains 11.7 g of NaCl (58.5

g/mole) is 551.7 g . Calculate the molality of the solution.
Solution :

Mass of solution = mass of solute + mass of solvent

Mass of solution = mass of solute (NaCl) + mass of solvent (H20)
Mass of solvent (H.O) = Mass of solution - mass of solute( NaCl )

Mass of solvent (H.O) =551.79g-11.7g=540¢

No . of moles of NaC| = m45(9)
M.wt
No . of moles of NaCl = % = 0.2 mole

number of moles(solute)x 1000

Molality (m) =

mass of solvent(g)



0.2 mol x 1000

a0 g 0.37

Molality (m) =

Exercise:

7.45 g of potassium chloride KCI (74.5 g/ mole) was dissolved in 100 g

of water. Calculate the molality of the solution.

Example :

A 18 g of urea NH.CONH: (60 g/ mole ) was dissolved in 100 g of
water (d=1 g /mL). Calculate the molarity and molality of the
solution.

Solution:
No . of moles of urea = m5(9)
M.wt
No . of moles of urea = 18(g) _ 0.3 mole

mass of water(g)

VVolume of water = —
density (H)

Volume of water = % =100 mL

mL

wtx1000 ~ 18x 1000

Mwt xV(mlL) T 60x 100(mL) =3M

Molarity (M) =

number of moles(solute)x 1000

Molality (m) =

mass of solvent(g)
Density of water =1 g /mL
Mass of solvent (H20) = 1 g /mL x volume of water (mL)

=1g/mLx100 mL =100 g

0.3 molx1000 _
100 g

Molality (m) = 3



Example:
The weight of 10 g KCI (74.5 g / mol) is dissolved in 1000 g of water.
If the density of the prepared solution is 0.997 g mL™*, calculate :

a) molarity
b) molality of the solution.

Solution:

.. _ wtx1000
Molarity = ez VonD)

Mass of solution =10g + 1000 g =1010g

mass of solution _ 1010 g

, = 1013 mL
density 0.997

Volume of solution =

10 x 1000

Molarity a5z 013D 0.1325 M

number of moles(solute)x1000

Molality(m) =

mass of solvent ( g)

No . of moles of KC| = ™2ss(9)

M.wt
No . of moles of KCI = 2% = 0.1342
74.5
Molality(m) = 2232221090 _ 1342

1000



Mole fraction:

The number of moles of one component relative to the total number

of moles of all components in the solution.

No.of moles of solute (nq)

Mole fraction of SOIUte(Xl) " mole of solute (nq)+moles of solvent (ny)

No.of moles of solvent (n;)

Mole fraction of SOIVent(XZ) " moles of solute (nq)+moles of solvent (n; )

1] = Jslaall B adsall jousll £ gara
Xt=Y Xi=1

X1+ Xo=1
Then
and

Example: calculate the mole fraction for each of solute and solvent in

a solution if the solute is (2 mole) and the solvent in (3 mole) .

Solution:
2 2
X; =1 = = 2 =04
nq{t+ny 2+3 5
__n; _ 3 _ 3 _
X2 _n1+n2 - 2+3 - 5 06

X1+ X2=04+06=1

For 3 components mixture we have Xi, X>, and Xz Then:

nl
X1=

- nl+n2+n3




_ n2
2 nl+n2+n3

n3
X3=

_-n1+n2+n3

Example: Calculate the mole fraction for each component in a

mixture that contains 1mole of A, 2 moles of B and 3 moles of C.

Total no of moles nt=moles of A (na) + moles of B (ns) + moles of C (nc)

NT =Na + N + N¢

nt=1+2+3=6moles

Xa=24 = % =0.17

nr
Xg="6=2-033
nr 6

Xc:E 22 =05

nr

Xr= Xi=0.17+033+0.5=1

Example:

A 4.6 mL of methanol (32 g/mol , d=0.7952 g/mL) is dissolved in 25.2
g of water(18 g/mol). Calculate the mole fraction of methanol and
water.

Solution:

Mass of methanol (g)= Volume x density
Mass of methanol (g) = 4.6 mL x 0.7952 g mL* =3.658 g

No . of moles of methanol = ™55(9)
M.wt

3658(9) () 1143

No . of moles of methanol (ny)= ——==

No . of moles of water(n,) = 2529 1 4

Total number of moles = n1+ n2=0.1143 + 1.4 = 1.5143 mole



ny

Mole fraction of methanol (X1) =

nq{+ny
Mole fraction of methanol (X1) = 013  0.0755
1.5143
Mole fraction of water(X,) = —=
nq{+ny
Mole fraction of solvent (water) = X2 = T 51;:3 =0.9245

Exercise:

The mass of an aqueous solution that contains 10.1 g of KNO3z (101

g/mol) is 154.1 g . Calculate :

1. The molality of the solution.

2. The mole fraction of each of the solute(KNO3) and solvent
(H20)(18 g/mol).

P- fuctions:

pX =-log [X]
Examples:
pH=—log[H30*] [H:O*] = 10PH

pOH = - log[OH] [OH] = 10PCH



