Analytical Chemistry  Lecture 5 Dr. Ruba Fahmi Abbas

Molal concentration (m)

Molal concentration (m): number of moles of solute per kilogram of
solvent, (not per liter of solution). Molality does not change with
temperature and is used for physicochemical measurements.

Do Y Jstaall (e i SV Gl g Yol (e ol oS JSE Al <Y sa 230 (M) (sall JuS
AilaasS 5 ) LUl 8 andiii 5 5 ) sl As 3 e AV 5al

il (g a& 1000 b Sl E 2xe Jiai )

) moley _ no.of mol (solute )
|\/|O|a||ty (m) ( Kg ) - wt.of solvent(Kg)
g
) mole \ _ wt (g) 1000(5)
Molality (m)(Kg )= " Twe (@)
Slas sl Unit of Molality (m)= 22 = mmol
5 y (M= = p
Kg =1000 g

mol =1000 mmol

Example (1): Calculate the molal concentration for a solution preparing from
mixing 4 g NaOH with 500 g water.(Na =23 g/mol, O=16 g/mol, H=1 g/mol)

Solution

Mwt NaOH = 23+16+1= 40 g/mol

1000 (-Z-
iy (r) = = D
4(g) _ 1000(Z)

Molality (m) = m (mgT) 500(0) 0.2m
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Example (2): Calculate the molality and Molarity concentration of a solution
consisting of 0.5 mole solute in 200 g of solvent, the density of the solution is 1.02
g/mL, and the Mwt of the solute is 67 g/mole.

Solution:

44 /200 g of solvent —wdl 35/ 0.5 mole solute  Iaall &Y ge 230 a5 Glarall Ll
67 g/mole 1l sl 560 / 1.02 g/mL density A< Jsiaall

4 gal) 1Ak Jg¥) qullaal)

_ _ 200
Kg=1000g ‘b= =00 = 0.2Kg

- moley _ no.of mol (solute) 0.5 mol
MOIaIIty (m) ( Kg ) B wt.of solvent (Kg) 02 Kg =2.5 mOZ/Kg

DAY sl ) A AL callaa)

L
I\/I(mole) __ wt (g) solute 5 1000(mT)
L 7 Mwt(g/mole)  V(mL)
Jsall 058 (e el ()55 2l patl) g
ig ht
Mole = welg ht (9)

Formula weig ht (mogle )

Wt of solute =33.5 g
Gude + Qlda= (e (S J slaal)

wt of solution = wt of solvent + wt of solute = 200 +33.5=233.5¢g

weig ht

Density of solution =

Volume

2335g

1.02 g/mL =

Volume

Volume of solution = 228.92 mL
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mL
335¢g 1000(=0)
67(g/mole )  228.92(mlL)

M= 2.18 mol/L

Example (3): Calculate the density of a solution consisting of 15 g solute in 400 g
of solvent, the Molarity of this solution is 0.4 M, and the Mwt of the solute is 100

g/mole.
Solution:

M mole , _ wt (g) solute 1000(%)
( L )_ M.wt (g/mole ) V(mL)

0.4 = 15 (g) 1000
100 (g/mole ) %4
- 15%1000 — 375 mlL
0.4%100

Gude + Qlda= (e (S J slaal)

wt of solution = wt of solvent + wt of solute = 15 +400 = 415 g

: : ig ht
Density of solution = ———
Volume
. . _ 415¢g
Density of solution = p——

Density= 1.067 g/mL
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Mole fraction concentration(x):

Mole fraction concentration(x):-The ratio between number of mole for
solute or solvent to solution, the terms used in physical chemistry (phases
equilibrium for example).
+ Qi @Y s g sena)dslaall ) il 5 ldall @Y g aae G dalls (X) (Saal) pusll 508 5
(OB 055 JBa ) Al ) bl 3 5 S axiis allaadll 138 ¢(Cade

Mole fraction for solute (X;)

no.mole solute (n;)

" no.mole solute (n;) + no.mole solvent (n,)

Mole fraction for solvent (X,)

no.mole solvent (n,)

"~ no.mole solute (n;) + no.mole solvent (n,)

weig ht
Mole = ght9)
Formula weight (mole )

X; + X, = 1 unit

: , g Rt
Density of solution = ———

Volume

Example (4):-One litter of acetic acid solution contain 80.8 g of acetic acid, the
solution density 1.00978 g/cm®. Calculate the mole fraction(X1) for the solute and
mole fraction (X2) for the solvent in the solution(M. wt of CH3COOH= 60g/mol
)(Mwt water 18 g/mol).

Solution:
(cm® = mL), density 1.00978 g/ml

Jslaall 35 7 ke ABESY ¢ gild (pa
L=1000 ml, volume =1000ml
Density of solution =

1.00978 = —<£
1000 mL

weig ht

Volume
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Wt = 1009.78 g solution
e + Qlde= Ga sl Jlaall
W1 of solution= wt of water(solvent) + wt of CH3COOH(solute)
1009.78= wt of water+ 80.8 g
Wt of water = 928.98 g

ig ht
Mole = ——2<9 1t (9)

Formula weig ht (mogle )

80.8
Mole CH3COOH — 60(ﬁ) =1.34 mol
mol
Moleuzq = 7 =51.61 mol

mol

no. mole solute (n;)

Mole fraction f lute (X,) (=
ole fraction for solute (X,)( no. mole solute (n;) + no.mole solvent (n,)

. 1.34 mol
Mole fraction for CH3COOH (X,) = 132 mol £ 5161 mol — 0.025

no. mole solvent

Mole fraction f lvent (X;) =
ole fraction for solvent (X,) no.mole solute (n;) + no.mole solvent (n,)

Mole fraction for H20 (.1 — 51.61 mol — 0.975
ole fraction for (Xz) = 1.34mol + 51.61 mol

X; + X, = 1 unit = 0.025 + 0.975 = 1.00 unit
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Example(5):-Calculate the mole fraction(x) of water in a mixture consisting of 9.0
gm water, 120 gm Acetic Acid, and 115 gm ethyl alcohol CH;CH,OH? (M. wt of
CH3COOH= 60g/mol )(Mwt water 18 g/mol) (Mwt ethyl alcohol 46 g/mol).

Solution:-

weig ht (g)

Formula weig ht (mogle )

Mole =

MOI. water = % == 0.5 mOl

120

Mol. scetic acid = —
acetic acid 60

= 2 mol

s 2.5 mol

Mol. =
ethyl alcohol 46

Sum of mole=0.5+ 2.0+ 2.5 =5.0 mole

no. mole water (n;)

Mole fraction for water X =
sum of mole

0.5 mole _

Mole fraction for water X = =0.1
5.0 mole

Homework:1- Calculate the mole fraction(x) of CH3COOH(acetic acid)

2- Calculate the mole fraction(x) of ethyl alchol.
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p-Functions

p-Functions

Scientists frequently express the concentration of a species in terms of its
p-function, or p-value. The p-value is the negative logarithm (to the base 10) of the
molar concentration of that species. Thus, for the species X,

pX =-log [X]

As shown by the following examples, p-values offer the advantage of allowing

concentrations that vary over ten or more orders of magnitude to be expressed in
terms of small positive numbers.
(10 Culadll ) culbaad) oy A8 511 4 2 p AN ) dasd
Example (6): Calculate the p-value for each ion in a solution that is 2.00 x 10° M in
NaCl and 5.4 x 10 M in HCI.

Solution
HCIl ——— CI' + H*
5.4 x 10* M 5.4 x 10 M 5.4 x10%M

pH — _|Og [H+] = -|Og (54 X 10-4) =3.27

NaCl —— CI* + Na ™
2.00 x 10° M 2.00x 10° M 2.00 x 10° M

pNa = -log (2.00 x 10°®) = -log 2.00 x 10 = 2.699
NaCl s HCI (& Usisl 581 5 & sana g2 Jslaall (2 ) olsl) (0ol 58 5
[CIT1=2.00x10°M +54x10*M
=2.00 x 10° M +0.54 x 10° M = 2.54 x 10° M
pCl = -log 2.54 x 10° M = 2.595
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Example (7): Calculate the molar concentration of Ag” in a solution that has a pAg
of 6.372.

Solution:
PAg = -log [Ag’] = 6.372

log [Ag'] = - 6.372
[Ag ] =4.246 x 107 = 4.25 x10" M

Example (8): What is pNa for solution of 1.76x10° M NasPO,?

Solution:
FSAN aa Jse ABe aadind
1 NasPO, »3Na"t + PO,

1mol 3 mol
1.76&0h<; y

(Y) concentration of [Na™ ]= 1.76x10°x3 =5.28x10° M

pNa" = -log[Na‘]= -log(5.28 x10%)=2.277

Exercise
1. Convert the following p-functions to molar concentrations:
(@) pH=9.67, (b) pLi=-0.221, (c) pOH =0.135
(d) pNO3 =7.77

2. Calculate the p-functions for each ion in a solution that is: 4.8 x 10° M in
Zn(NO3), and 5.6 x 107 M Cd(NO3),
3. One liter of a 500 mg/L solution of KCIO; contains how many grams K*?
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Cadiadl 4y ) g Alial

Homework: A mixture contains 10 g of methane (CH4), 20 g of oxygen (O,), and 30 g of carbon
dioxide (COy). Calculate the mole fraction of oxygen and methane. (M.WT CH,= 16 g/mol,
0,=32 g/mol, CO,=44 g/mol)

Homework: What is the mole fraction of glucose (CsH1206) in a solution made by dissolving 18 g
of glucose in 100 g of water?(Mwt glucose (CsH1,06)= 180 g/mol, H,O=18 g/mol)

Homework: Calculate the mole fraction of ethanol (C,HsOH) and water in a solution containing
46 g of ethanol and 54 g of water? (Mwt ethanol (C,HsOH)= 46 g/mol, H,0=18 g/mol)

Homework: A 500 mL solution contains 25 g of sodium chloride (NaCl). The solution's density is
1.02 g/mL. Calculate the mole fraction of NaCl (solute) and water (solvent). (M.wt of NaCl =
58.44 g/mol, M.wt of H,O = 18 g/mol)

Homework: A 2 L solution of sulfuric acid (H,SO,4) and contains 196 g of H,SQO,. The solution's
density is 1. 2 g/mL . Calculate the mole fraction of H,SO, and water. (M.wt of H,SO, = 98
g/mol, M.wt of H,0 = 18 g/mol)

Homework: 250 cm3 of a solution contains 10 g of potassium hydroxide (KOH). The solution
density is 1.05 g/cm3. Calculate the mole fraction of KOH and water. (M.wt of KOH =56.11
g/mol, M.wt of H20 = 18 g/mol)

Homewaork Calculate the molality of a solution prepared by dissolving 10 g of glucose
(C6H1206) in 200 g of water. (Molar mass of glucose = 180 g/mol)

Homework: A solution is made by dissolving 25 g of potassium chloride (KCI) in 150 g of water.
Calculate the molality of the KCI solution. (Molar mass of KCI = 74.5 g/mol)

Homework: What is the molality of a solution containing 5 g of urea (CH4N,O) in 100 g of
ethanol? (Molar mass of urea = 60 g/mol)

Homework: Calculate the molality and molarity of a solution containing 1 mole of solute
dissolved in 500 g of solvent. The density of the solution is 1.10 g/mL, and the molar mass of the
solute is 50 g/mol.

Homework: A solution is prepared by dissolving 0.25 moles of NaOH( solute) in 100 g of
ethanol. The density of the resulting solution is 0.95 g/mL, and the molar mass of the NaOH is 40
g/mol. Calculate the molality and molarity.

Homework: Calculate the molality and molarity of a solution made by dissolving 0.75 moles of a
urea (CH4N-20) in 250 g of solvent. The solution has a density of 1.05 g/mL, and the molar mass
of the urea (CH4N0) is 60 g/mol.

Homework: What is pK for a solution of 2.5 x 10™* M K;,SO,?
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Homework: Calculate pCl for a solution containing 1.2 x 102 M MgCl,.
Homework: A solution has a concentration of Ca2* ions of 8.7 x 10> M. What is the pCa?
Homework: A solution is 1.5 x 1072 M in CaCl, and 3.0 x 1073 M in KCI. Calculate pCa and pClI.

Homework: A solution contains 4.0 x 10™* M in AI(NO3); and 1.0 x 1073 M in HNO;. Calculate
pAl and pNOs;.
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Gl g8l (adla
name unit symbol

molarity moles solute M
liters solution

formality number FW solute |F
liters solution

normality number Eq solute N
liters solution

molality moles solute m

Kg solvent

Weight% g solute w/w%
100 g solution

Volume% ml solute vIiv%
100 ml solution

Weight-to-volume% g solute w/v%
100 ml solution

Parts per million g solute ppm

10%g solution
Parts per billion g solute ppb
10%g solution

FW = formula weight

Eqg= equivalent weight
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Exercises

1. How many moles and millimoles of benzoic acid (Mw = 122.1 g/mol) are
contained in 20.0 g of the pure acid?

2. How many grams of Na* (22.99 g/mol) are contained in 25.0 g of Na,SO, (142.0
g/mol)?

3. Describe the preparation of 500 mL of 0.0740 M CI solution from solid
BaCl,.2H,0 (244.3 g/mol).

4.  Find the number of millimoles of the indicated species in: a) 57 mg of P,Os b)
12.92 g of CO, ¢) 40.0 g of NaHCO;3 d) 850 mg of MgNH4PO,

5. What is the mass in grams of: a) 1.1 mol of KBr b) 20.1 mmol of PbO ¢) 3.76 mol
of MgSO,

6.  Calculate the p-value for each of the indicated ions in the following: a) Ba*,
Mn**, and CI in a solution that is 7.65 x 10 M in BaCI2 and 1.54 M in MnCI2. b)
Cu2+, Zn2+, and NO3- in a solution that is 4.78 x 102 M in Cu(NOs), and 0.104 M in
Zn(NO3),. ¢) H*, Ba®*, and ClO4" in a solution that is 3.35 x 10 * M in Ba(ClO.), and
6.75 x 10 M in HCIO,.

7. Sea water contains an average of 1.08 x 10% ppm of Na* and 270 ppm of SO4?.
Calculate: (a) the molar concentrations of Na* and SO4? (b) the pNa and pSO4 for sea
water, given that the average density of sea water is 1.02 g/mL.

8. A solution was prepared by dissolving 1210 mg of K3Fe(CN)g (329.2 g/mol) in
sufficient water to give 775 mL. Calculate: (a) the molar analytical concentration of
KsFe(CN)g (b) the molar concentration of K* (c) the molar concentration of Fe(CN)6*
(d) the weight/volume percentage of KsFe(CN)g (e) the number of millimoles of
Fe(CN)6% (f) the number of millimoles of K* (g) pK for the solution (h) pFe(CN)6 for
the solution

9. A 12.5% (w/w) NiCl; (129.61 g/mol) solution has a density of 1.149 g/mL.
Calculate: (a) the molar concentration of NiCl; in this solution (b) the mass in grams of

NiCl, contained in each liter of this solution
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10. A solution containing 10.0 mmol CaCl, is diluted to 1 L. Calculate the number of
grams of CaCl,.2H,0 per milliliter of the final solution.

11. Calculate the grams of each substance required to prepare the following
solutions: (a) 250 mL of 0.100 M KOH (b) 1.00 L of 0.0275 M K,Cr,07 (c) 500 mL of
0.0500 M CuSQO,

12.  How many milliliters of concentrated hydrochloric acid, 38.0% (wt/wt), specific
gravity 1.19, are required to prepare 1 L of a 0.100 M solution?

13.  Calculate the molar concentrations of solutions of each of the following: (a)
1.00 mg/L AgNOs3 (b) Aly(SO4)s (c) CO; (d) (NH4)4Ce(S0O4)4.2H,0 (e) HCI (f) HCIO,
14.  How many grams NaCl should be weighed out to prepare 1 L of a 100 mg/L
solution of: (a) Na* (b) CI

15.  What volume of 0.50 M H,SO, must be added to 65 mL of 0.20 M H,SO, to
give a final solution of 0.35 M?

16.  What is the molar concentration of NO* in a solution prepared by mixing 50.0
mL of 0.050 M KNO3 with 40.0 mL of 0.075 M NaNO3? What is pNO3 for the
mixture?

17. For each of the following, explain how you would prepare 1.0 L of a solution
that is 0.10 M in K*. Repeat for concentrations of 1.0 x 10? ppm K* and 1.0% w/v K".
(a) KCI (b) K;SO, (c) K3Fe(CN)s

18. A solution was prepared by dissolving 5.76 g of KCI.MgCl,.6H,0 (277.85
g/mol) in sufficient water to give 2.000 L. Calculate: (a) the molar analytical
concentration of KCI.MgCI2 in this solution (b) the molar concentration of Mg (c)
the molar concentration of Cl- (d) the weight/volume percentage of KCI.MgCl,.6H,0
19. Explain how to make one liter of a 1.25 molal sodium hydroxide solution.

20.  What is the molarity of a solution made when 52 grams of potassium sulfate are
diluted to a volume of 4100 mL?

21.  The density of ethylene glycol (antifreeze, HOCH2CH20H) is 1.09 g/mL. How
many grams of ethylene glycol should be mixed with 375 mL of water to make a

7.50% (v/v) mixture?
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22. Find the volume of a 0.75 M solution if it contains 39 grams of potassium
hydroxide.

23. A 38.2 g of borax (Na,B407.10H,0) is dissolved in 1080 g of water. Calculate
the molarity, normality, %(wt/wt), %(wt/v), molality, and mole fraction of this
solution. The density of the solution = 1.01 g/mL.

24. Sea water contains an average of 1.08 x 10% ppm of Na* and 270 ppm of SO4%.
Calculate: (a) the molar concentrations of Na+ and SO,* given that the average density
of sea water is 1.02 g/mL. (b) the pNa and pSQO, for sea water.

25.  How many milliliters of 0.10 M H,SO, must be added to 50 mL of 0.10 M
NaOH to give a solution that is 0.050 M in H,SO,4?

26. A solution was prepared by dissolving 1210 mg of K3Fe(CN)g (329.2 g/mol) in
sufficient water to give 775 mL. Calculate: (a) the molar concentration of KsFe(CN)g
(b) the molar concentration of K* (c) the molar concentration of Fe(CN)¢* (d) the
weight/volume percentage of Ks;Fe(CN)g (e) the number of millimoles of K+ in 50.0
mL of this solution. (f) ppm Fe(CN)s> (g) pK for the solution. (h) pFe(CN)s for the
solution.

27. Describe the preparation of 750 mL of 6.00 M H3PO, from the commercial
reagent that is 86% Hs;PO, (w/w) and has a specific gravity of 1.71.



