Analytical Chemistry [Lecture 2

Units for Expressing Concentration
S e pmaill Laziuwall Colas ol
Concentration: Is a general measurement unit stating the amount of

solute present in a known amount of solution.
amount of solute

Concentration= ,
amount of solution

Although the terms “solute” and “solution” are often associated with
liquid samples, they can be extended to gas-phase and solid-phase
samples as well. The actual units for reporting concentration depend on
how the amounts of solute and solution are measured.
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1- Molarity (M): 4 )Y sall
It is the number of moles (number of molecular grams) of solute per liter
of solution.
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Units of molarity are: mole/L , mmole/mL
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Ex. How many grams of AgNOs3 used to prepare 500 mL of 0.125 M
solution (Mwt = 169.9 g/mole).

wt 1000 Mx wt x VmlL
M = X =>D5 wt =
Mwt VmL 1000
Mx wt x VmL 0.125x 169.9 x 500
Wt = = =10.619 g
1000 1000

Ex. Calculate the molarity (M) of solution result from dissolving 20 g of
sodium hydroxide in 2.0 liters of solution (Na=23,0=16, H=1).
We could solve this question in two ways:

n wt 209 0.5 |
= — = = (0.5 mole
NaOH™ Uit = (23+1416) g/mole
n 0.5
= : = =025M
V (Liter) 2
wt 1000
or M = X
Mwt VmlL
20 1000
=—X——=025M
40 2000
2- Normality (N): bl

It is the number of equivalents of solute per liter of solution.
Jstaall cpe 5t 8 Al Balad) (e Al jadl LIS ae Lgaly o
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wt 1000
eq.wt * VmL

e Jia VmL clall ol jall (480 5 5 sl Jiay Mt cal alb laall ¢ 55 Jiar wit
kel J glaal)

Units of molarity are: eq/L , meq/mL

Ex. How many grams of sodium carbonate used to prepare 250 mL of
0.20 N solution (Mwt = 106 g/mole).

Mwt
eq.-wt Na;COs = ri%%f cations x oxidation number of cations
=Tl 53 g/eq
wt 1000
N = b
eq.wt VmlL
0.2 = wt 1000
“753% 250
wt=2.650g

Ex. Calculate the normality (N) of solution result from dissolving 0.5 g
of copper (II) hydroxide in 100 mL of distilled water. (Cu= 63.5, O =
16, H=1).

eq.wt Cu (OH).=

Mwt

no. of ionized hydroxide groups (OH")

— [63.5+(2X16)-2k(2X1)]g/mole = 4875 g/eq

wt 1000
N= eq.wt * VmL
05 1000
N'="875 * 100
=0.103 N
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3- Formality (F): dalla ) 4dll
It i1s the number of moles of solute, regardless of chemical form, per liter
of solution.
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Units of formality are: fw/L , mfw/mL.
4- Molality (m): Y aall

It is the number of moles of solute per kilogram of solvent.
nlall e al g sLS 8 el Y sa dae Ll B ad
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o em er of solute moles L Ay,
Wt.solvent (Kg) el e SLSIL cuddll 0
wt 1000
m =

Mwt © Wt.solvent (9)

Units of molality are: mole/Kg , mmole/g.
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Ex. Calculate the molality (m) of solution result from dissolving 5 g of
sodium hydroxide in 250 g of distilled water. (Mwt = 40 g/mole).

wt 59

NNaOH = Mot W =0.125 mole
number of solute moles 0.125
= = =0.5m
Wt.solvent (Kg) 0.250
or
_oowt 1000 _ 5 1000
m= Mwt * Wt.solvent (g) 40 * 250
=0.5m
5- Mole fraction. et sl Sl

It 1s the ratio between the number of moles of solute or solvent to the total
number of moles of solute and solvent.
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Xi+Xo=1

Ex. Calculate the mole fraction for A and B in their mixture if the moles
of A= 18 and B= 40 moles.

18 40

=0.310 Xy =
18+ 40

=0.690

X1 =
18+ 40
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6- Percent Concentration: o giall dadll
A- Weight-to-volume percent ratio dgaaadl 4 ) 50 4 siall Al

It is the number of grams of solute in 100 mL of solution.
Jslaall e il 100 < Gl Gl e 2ae A
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B- Volume percent ratio dganall 4 siall 4l

It 1s the number of milliliters of solute in 100 mL of solution.
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It is the number of grams of solute in 100 g of solution.
Gl 355§ sana (5 s s 5) Jslaal) (g ol e 100 & liall el 23e
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Wt of solute ol oall Claall

Y = —0
YoW/W Wt of solution X 100 100 X T D 535 YoW/W

Ex. Calculate the percent ratio for solution result from dissolving 5 g of
sodium hydroxide in 0.25 L of distilled water.

Wt lut
YW/V = of solute 100

V (mL) of solution
5

= X 100
250

=2%
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Ex. Calculate the percent ratio for solution result from dissolving 200
mL of methanol in 400 mL of distilled water.

|74 L lut
ooV IV = k) of solute o,
V (mL) of solution
200

= X 100
200+400

=33.333 %
Ex. What is the weight in grams of solute in 800 mL of 15% industrial
solution of glucose?

Wt of solute

Y%W/W = — X 100
Wt of solution

_ Wtof solute
800

Wtof solute=120g

15

X 100

7- Other units:

In IUPAC terminology, parts per billion, parts per million, and parts
per thousand are weight ratio concentrations of grams of solute to one
billion, one million grams or one thousands of sample, respectively:

a- Parts per billion (ppb): sl S e ja
Wtof solute

b= 0°
PP Wt of solution
Wt of solute (Lg) ng
or ppb= : =
Volume of solution (L) mL
b- Parts per million (ppm): osile SS o ja
Wt of solute 6
ppm = -
Wtof solution
Wt of solute (mg) ug
or ppm= =

Volume of solution (L) - mL
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c- Parts per thousand (ppt): sl ST e a
Wtof solute 3
ppt = :
Wt of solution
Wtof solute (g) mg

or ppt= - =

Volume of solution (L) mL
Note:

Gram (g) = 10° milligram (mg) = 10° microgram (ug) = 10° nanogram (ng)
Liter (L) = 10° milliliter (mL) = 10° microliter (uL) = 10° nanoliter (nL)

¢ 1Y) Jils 8 Sl Jils 3 lia la b cla

ppt mL/L = pL/mL g/l =mg/mL g/Kg =mg/g

ppm uL/L=nlL/mL | mg/L =pg/mL mg/Kg = ug/g

ppb nL/L ng/L =ng/mL ng/Kg =ng/g

Alilead) Jullaall juS 47 Hay) -8
il sual) 03] g 5l (55 5l 5 (%) A sial) Al 48 yma (e 3 suadl 3 55 byl (Kl (50
I ) 8l alasiuly elld

V= % x sp.gr x 1000
B Mwt
N = % x sp.gr x 1000

eq. wt

P % x sp.gr x 1000

g. fw
Also:
NiVi=N2 V»
M1 Vi=M2 V»
F1Vi=F.V»
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Note:

w
Density (d) = 2=

) .,
— (unit: g/mL or Kg/L)

density of substance

Specific gravity (sp.gr) =

density of water

(Sl ) e JB& e gl 5 4l))
Ex. Calculate the normality of solution result from dilution of 100 mL of
0.25 N nitric acid to 250 mL.

N1 Vi=N2 V2
0.25 x 100 =N2x 250
N>=0.1N

Ex. Prepare 250 mL of 0.1 N solution of sulfuric acid if you know that
sp.gr =1.84, percent ratio = 96 % and Mwt = 98 g/mole.

N — % x sp.gr x 1000

eq. wt

(%) x 1.84 x 1000
N =
98
)
=36.049 N (Lo Laslall 38 5 Jia 12)
NiVi=N2 V»
36.049 x Vi =0.1x 250

V1=0.6935 mL = 0.69 mL

Add 0.694 mL of concentrated sulfuric acid in 250 mL volumetric flask
(containing a small volume of distilled water) then complete the volume
up to the mark with distilled water.

i) Ll
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Ex. Prepare 500 mL of 0.5 N solution of hydrochloric acid if you
know that sp.gr =1.184, percent ratio = 37 % (H= 1, Cl= 35.5).

Solved questions

Q1- What is the formal concentration of NaCl solution (Mwt 58.5
g/mole) if 0.1753 g of the salt dissolved in sufficient amount of water

to give 240 mL of solution?

o__wt 1000 _ 01753 1000
T g fw  VmL 585 © 240

=0.0125 F (mfw/mL)

Q2- Calculate the molality (m) of a solution, which is 10 % by weight
NaOH (Mwt 40 g/mole), supposing that we take 100 g of solution.

100 g of solution = 10 g NaOH + 90 g H>O

wt 1000 _ 10 1000
Mwt © Wt.solvent (g) 40 *790

m =

=2.778 m (mmole/g)

Q3- Calculate the molarity and normality of a solution containing 10.6 g
of sodium carbonate Na,CO3; (Mwt 106 g/mole) in one liter of aqueous
solution?

n wt 10.6

M=ty ™= e~ 106 01 mole]

0.1
M= = 0.1M (mole/L)

10
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or

wt 1000  10.6 1000

~Mwe VvmL ~ 106 © 1000

=0.1 M (mole/L)

no.of eq

V (Liter)

Wt 106 o,
no.of eq = eqwt  106/2x1) -

0.2
N= - 0.2 N (meg/mL)

or
wt 1000
N = X
eq.wt VmlL
V= 10.6 1000
~106/(2x1) © 1000
= 0.2 N (meqg/mL)

Q4- 16 g of KNO:s 1s dissolved in 84 g of water to give 16 % KNO3
solution. express the concentration in ppm.

Wt of solute
Wt of solution
16 g

— 6 — 6
84 g X 10° =0.1905 X 10° ppm (ng/g)

6

ppm =

11
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QS5- Calculate the number of grams of solute in:
a-1L of 0.2 N Ba(OH)z solution (Mwt 171 g/mole).
b-5L of 0.2 N (NaOH) solution (Mwt 40 g/mole).

a_
wt 1000 Nx eqwt x VmL
N = X >== Wt =
eqwt VmL 1000
0.2 x () x 1000
wt = =17.1g¢g
1000
b -
wt 1000 Nx eq.wt x VmL
N = X S50 wt = q
eqwt = vmL 1000
0.2 x (5) x 5000
wt = =40 ¢

1000

Q6- How can you prepare:

a - 250 mL of 0.25 F HCI, if sp.gr of HCl =1.184 and containing about
37% HCI by weight (Mwt 36.5 g/mole).

b - 250 ml of 0.1M H2SOsg, if sp.gr = 1.84 and containing about 96%
H>SOs.

a -
P % x sp.gr x 1000 _ (%)x 1.184 x 1000
g. fw 36.5
=12.002 F
FiVi=F2V»

12.002 x V1 =0.25x 250
V1=5.207 mL

12
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Add 5.207 mL of concentrated hydrochloric acid in 250 mL volumetric
flask (containing a small volume of distilled water) then complete the
volume up to the mark with distilled water.

il Ll Aedall ) aad) a3 5 ¢ yLaiall ¢Lall (o AL A4S e 5 5in

b -
96

Vo %hxsp.grx1000 (155) x 1.84 x 1000
B Mwt B 98
=18.024 M

M; Vi =Mz V,

18.024 x V1 =0.1 x 250

Vi1=1.387 mL

Add 1.387 mL of concentrated sulfuric acid in 250 mL volumetric flask
(containing a small volume of distilled water) then complete the volume
up to the mark with distilled water.
(e 250 4z e 438 dmiai g La¥) (sl Jslas (0 Je 1,387 s
bl oLl Aadlad) ) anall Qa5 o5 ¢ liall slall (pe AL GuaS e (5 gin
Q7- Calculate the normality (N) of a 500 mL solution containing 20 g of
NaOH (Mwt 40 g/mole).
wt 1000
eq.wt * VmL
_ 20 1000
~ 720 500
=1 N (meg/mL)

N =

13
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Q8- Find the molarity of 100 mL of 1.17 % (W/V) NaCl solution (Mwt =
58.5 g/mole).
wt 1000

Mwt ~ VmL
117 1000

~ 7585 © 100

= 0.2 M (mmole/mL)

M =

Q9- Calculate the mole fraction of 15 % by weight aqueous sugar
solution (15 % w/w CsH1206) (Mwt CsH1206 = 180 g/mole, Mwt HO
= 18 g/mole).

100 g of solution = 15 g CsH1206 + 85 g H20

wt 15
n CeH1206= = = (0.083 mole
Mwt 180
H0=—"" =8 — 472 mol
n V= Mwt - 18 — 4. mole
nl n2
| = Xo =
ni+ n2 ni+ n2
0.083 4.722
=0.017 X2 =(0.983

1 = g
0.083+ 4.722 0.083+ 4.722

X1+ Xe=1 >=>= 0.017+0983=1

14



