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Concentration is a measure of how much solute is dissolved in a given amount of
solution.

1- Molarity (M) is a number of solute moles dissolved in solution volumes in Liter.

A- Molarity concentration for solutions prepared from dissolving solid in liquid solvent.

Jtaal) (pa A LpaS (B 353 gall ol dall Cpa ApaS (alga 58 2 358 1)
Al Jala 5l S Jga ilas g gie jand 5 Jslaall o A1 1 (3 el Y 50 220 98 1 4y Y gall
Jilall Cudal) Ak dale 3] (pa yuimny (5 5Y sall HS N - |

Lida () 8 J g2
- _ No.of mole solute _  mole
MOIarlty (M) " solution volume (L) - ( L )

No. of mole= M xV,

Molarity (M) — No.of mmole solute (mmole)

solution volume (mL) - mL

No.of mmole= M XV

wt (g)
No of mole solute  M.wt (g/mole )

V (mL)
1000 (mL /L)

" Volume solution (L) -

mL
mole | wt (g) 1000(7) L
M( L ) = M.wt (g/mole) ~  V(mlL) Jalls s
I\/I(mole ) _ wt (g) x 1 )Sﬂb ana

L M.wt (g/mole) V(L)

i wt (mg) 1
) T Mwt (mg /mmole ) X V(ml)

d.a/d)a‘;\n&\aa; M(mm(l)le

m
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Wt
n:
Qs M. Wt
Wt.(2) Wt.=n * M.Wt
Mass (9)
M.Wt= Ll
n

ey gl s = QoS
n Mth

Moles (mol) Molar mass (g/mol)

Lida () 8 J g2
Mole = weig ht (g)

Formula weig ht (mfle )

weig ht (mg)

mMole = T

mole

Formula weig ht (m

Mole= 1000 mMole
g= 1000 mg
No. Molecules = No. moles x Avogadro number
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Example (1):-A solution is prepared by dissolving 1.26 g AgNOs in a 250 mL
volumetric flask and diluting to volume. Calculate the molarity of the silver nitrate
solution. How many millimoles AgNO3 were dissolved? (Ag=107.9 g/mol, N= 14 g/mol,
0=16 g/mol)

Solution:

e M.Wtof AgNO3= 107.8+14+(16x3) =169.9 g/mol
4N sall Ayl 1Y)

wt (g) % 1000

e M=
M.wt (g/mole) V(mL)

L
1265 1000 (5

= = 0.0297 mol/L
169.9 g/mol 250 mL

dsa (el alag) 1Ll

weig ht (g) _ 1l2e6g

: = =0.00742 mol
Formula weig ht (W) 169.9 g /mol

e Mole =

Mole= 1000 mMole

0.00742 mol x1000=7.42 mmol
AS 5 Y sall 558 S (e Al Ay )

250

Litter = 1000 ml .. —— = (0.25L
1000

No. of mole= M xV, = 0.0297 mol/L x 0.25 L = 0.00742 mol

Mole= 1000 mMole 2 0.00742 x 1000= 7.42 mmol
P (L Y PO
(0=1000 MQ) = Wt=1.26 *1000=1260 mg
_ wtimg) _ 1260mg _
mmol = mwe ("0~ 169970 =7.416 mmol
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Example (2):-How many grams per millilitre of NaCl are contained in a 0.250 M?
(Na=23 g/mol, CI 35.5 g/mol)

Solution:

e M.Wt of NaCl=23+35.5 =58.5 g/mol

(dol 58 paadl my yillla] V5l aa ke JS3 g Adaadle)y )5 dla) J)saally oslladll

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

mole | wt 1000(%)
0.250(¢ L ) = 58.5 (g/mole ) 1(mlL)

mole

_ 0.25(77) x58.5 £-x1(mL)

Wi= = 0.0146 g

1000 (25)

Example (3):-How many grams Na,SO, should be weight out to prepare 500 mL of a
0.100 M solution?( Na =23 g/mol, O=16 g/mol, S =32 g/mol)

Solution:

o M.Wt of Na,SO,= (23%2)+32+(16x4) =142 g/mol
535l e o slladl

mL
mole | wt (g) 1000 (T)
M( L ) T Mt (g/mole ) X V(mL)

mL
mole | wt 1000(=0)
0.1¢ L ) = 142 (g/mole)>< 500 (mL)

mole

Wit= o1

)><142mgT><500m1 -
1000 (%1 =29
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Example (4):- Calculate the concentration of potassium ion in grams per litter after
mixing 100 mL of 0.250 M KClI and 200 mL of 0.100 M K2S04?(K= 39 g/mol)

Solution:
A asaadl s by 1Y )
itter = _ 100 _
Litter = 1000 ml s V1 of KCI = 000 = 0.1L
V2 of K,S0, = -2 — 0.2 L
1000

Jsall Alagl oy - LG
No. of mole= M xV;,

KCl — , K'+CI

mol

mol of K* 0.250 ——*0.1L= 0.025 mol

KZSO4 E— K+ + SO4

mol

2x0.1 - x0.2 L = 0.04 mol

mol of K*

psaall pany o g KM e 220 pasy sl il b KpS04 5 KCI gislall e (5 sing o 3l 40l Ly
(5 A JL o ) om0 o Jsemnl

No. of mol ( mixed solution)= 0.025 mol+ 0.04 mol= 0.065 mol

Total volume=0.1L+0.2L=03L

Molarity (M) - No.of mole solute (mEle)

solution volume (L) o

0.065 mol mol
= 0.216
0.3L L

Molarity (M) =

(psanoll (s A (50 (B (g sall 38 AN o im ahy grams per litter <las s 38 5l sy ddaadla)

0216 2ok w39 8 -g424&
L m L

ol
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Example (5) (a) How many grams of K,SO, are contained in 50 ml of 0.200 M,
(b) How many millimoles of K,SO, are present? (S=32 g/mol, O= 16 g/mol, K= 39
g/mol )

Solution:

o M.Wt of K,;SO,= (39%2)+32+(16x4) =174 g/mol
mole | wt (g) x 1000(71—5

M( L ) = M.wt (g/mole) ~  V(mlL)
mL
0.2 (mole) _ wt x 1000(T)
L 174 (g/mole ) 50(mlL)
0.2(2 )x174 x50 ml
wie 2O gipsomt 24
1000 (59)
e el alag¥ i, Hla cllia
Jse 058 i)
weig ht (g) _ 174g¢

e Mole = =0.01 mol

Formula weig ht (ﬁ) 174 g/mol

Mole= 1000 mMole

0.01 mol x1000=10 mmol
IS (5 Y sl S po Al Ay yLa 1Lls

50

Litter = 1000 ml = —— = 0.05L
1000

No. of mole= M xV, = 0.2 mol/L x 0.05 L = 0.01 mol

Mole= 1000 mMole 2= 0.01 x 1000= 10 mmol
P (L Y PO
(0=1000 MQ) = Wt=1.74 *1000=1740 mg
_ wtimg) _ 1740mg _
mmol = e (M0~ 17470 ) =10 mmol
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Example (6):- Calculate the concentration of Fe** in mg per litter after mixing 50mL of
0.30 M FeClz and 100 mL of 0.25 M Fe(OH);?(Fe= 56 g/mol)

Solution:
A asaall Jygad a3y Y
Litter = 1000 Ml s /1 of FeCl,; = 1% = 0.05L
V2 of Fe(OH); = - = 0.1L

Jsall Alagl oy - LG
No. of mole= M xV,,

FeCl, ——— Fe™+3CI

mol

mol of Fe* 0.3 == x0.05 L = 0.015 mol

Fe(OH); —> Fe™ +30H

mol

mol of Fe*® 0.25 == x0.1 L = 0.025 mol

e o s g Fe ™ Y se 220 pany o 56 GlA e Fe(OH)3 5 FeCly cxislall e (5 sing o Sall 4l Loy
(5 A JL Pl )than s S50 o Jseanll o2

No. of mol ( mixed solution)= 0.025 mol+ 0.015mol= 0.04 mol

Total volume=0.1L+0.05L=0.15L

Molarity (M) - No.of mole solute (mEle)

solution volume (L) o

0.04 mol mol

= 0.266

Molarity (M) = e 5

(sl 5,0 sl Y sall S il i oy L§ grams per litter <las s 5:S yill syl dhaa3l)

mole

0.266 x56 —8— = 14.896 £
L mol L

g=1000 mg = 14.896X 1000 = 14896 T8 (TR B, dsaidd)



Analytical Chemistry  Lecture 2 Dr. Ruba Fahmi Abbas

Example (7):-Calculate the molar concentrations of 1.00 mg/L solutions of each of
AgNQO;?

(Ag=107.9 g/mol, N= 14 g/mol, O=16 g/mol)
Solution:

o M.Wt of AgNO;= 107.8+14+(16x3) =169.9 g/mol
%amjui\ L@ﬁ%‘:mﬁj,\sﬂ‘ Lial

mole | wt (g) 1
M( L )_ M.wt (g/mole) V(L)

O $AN s 3 Bals)

mole |  wt (g) 1
M( L )_ V(L) M.wt (g/mole )

MLy = @, 1 M= 0001 {x—0o
L V(L) M.wt (g/mole ) _ ' L 169.9 (g/mole)

mole
)

M=5.8x107 (
L
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Homework

Q1: Calculate the molar concentration of a brine solution obtained by mixing equal
volumes of two solutions of the same substance, the first 0.1 M and the second 0.5 M?

Q2: Calculate the molar concentrations of 1.00 mg/L solutions of each of the following:

Al,(SO,)s

e CO,
(NH,).Ce(S0,4),4.2H,0
HCI

e HCIO,

Q3: How many moles and millimoles of benzoic acid (Mw=122.1 g/mol) are contained
in 2.00 g of the pure acid?

Q4: Typical seawater contains 2.7 g of salt (sodium chloride, NaCl) per 100 mL. What is
the molarity of NaCl in the ocean? (b) MgCl, has a concentration of 0.054 M in the
ocean. How many grams of MgCl, are present in 25 mL of seawater?
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Homework J>

Q1: Calculate the molar concentration of a brine solution obtained by mixing equal
volumes of two solutions of the same substance, the first 0.1 M and the second 0.5 M?

Adlida 5u8) 55 Lgd Babal) (udi (ha 4y gluadia p 933 7 30 (0 U brine solution ¢l Jslaa
dle pela JS8 Y ga ) AG) g Y ) (A Jad) & ghad
mixing & o J& J1 sl 43 Gaalal) &Y ga pand 1 LG
mixing e J& J)edls A Cpalal) 2 gan aan oy (GG
final R Al zelall s ¥ sa 385 ) Al ol 1l
Rl + R2 —, finalR
0.1M + 0.5M——» final M?

V +V —» final v=2v

Mol= M*V
mol of R1 = mol=0.1*V....(1)
mol of R2 = mol = 0.5 *V....(2)

Mol of final R = mol R1+ mol R2
Mol of final R = 0.1 *V +0.5 *V= 0.6* V
13 Ay glaia g gaall g pgaall g 3a
Volume of Final R = V+V=2V
final R JsSi g1 AN 43 ¥ ga 0 9ild (i g

M= e M=2Y_0.3M
vV 2V
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Q2) calculate the molar concentration of a 1.00 mg/L Al,(SO,); solution?
Solution:

Molar mass (M.wt) Aly(SO,)s= (2 x 26.98 g/mol) + (3 x 32.06 g/mol) + (12 x 16.00
g/mol) == 342.14 g/mol

1mg . wr
L Volume
(g=1000mg) =——> —— = 0.001 g/L
1000
Glal) st 5 Bale )
mole wt (g) 1

M( L )= V(L) ><M.wt (g/mole )

I\/I(mole)= wt (g) 1 M= 0001 gx 1
L V(L) ~ Mwt (g/mole ) —m : L 7 342.14 (g/mole )

mole

M=2.9x10"° (=)
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1-B:-Molarity concentration for solution prepared from dissolved solid
solute in liquid solvent

&M\%M\Q;ﬁ:\_ﬂm'&dbh\l\QA)'AA,)@JY}A\J':\SJES\ =

mole  _ % Xdensity x1000

M( L ) = M.wt

_ % Xsp.gr. x1000
M.wt

M (mzle )

W_t% _ wt solute (g) % 100

Wt. wt solution (g)

Density: is the weight per unit volume at the specified temperature, usually
(gm/mL) or (gm/cm®) or (gm.cm™) in 20°C (is the ratio of the mass in (gm)
and volume (mL).

S (gm/mL)Slas gy iy g Aiama 3 ) s Ax )3 die ana Baa g JDBal) () 55 g8 1 AAUS])
(Salls sl ol il 5 o)) A Jiay5) 20°C 30 a da 0 2 (gm.cm™) sl(gm/cm®)

Specific gravity (sp. gr.): defined as the ratio of the mass of a body (e.g. a
solution) usually at 20°C to the mass of an equal volume of water at 4 °C (or
sometimes 20°C) or (is the ratio of the densities of the two substances).

a0 die sl o paall (i A ) 8alall e (a0 paa AL 2 8 2(Specific Gravity) = sl Gl
200C }i 4OC Zale c:LuM IBIBES

Example (8):- Calculate the molarity of 28.0% NHs, specific gravity 0.898? (N=14
g/mol, H=1 g/mol)

Solution:
o M.Wtof NHs= 14+ (1x3) =17 g/mol

28
== %0.898 x1000 mole
100 =14.79( y )

mole % Xsp.gr. x1000 mole
M = —_—— M -
( L ) M.wt ( L ) 17 g/mol
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Example (9) :- calculate the molarity of a 37% HCI solution with a density of 1.18
g/cm3?(H =1 g/mol, Cl =35.5 g/mol)

Solution:

e MWtof HCI= 1+35.5=36.5 g/mol

mole  _ % Xdensity x1000
M( L ) = M.wt
37 «1.18 g/cm 3 x1000
37 1. |
M =1% =11.96 ()
36.5 g/mol L

Example (10) :- Calculate the molarity of a 70.5% (w/w) HNOj3 solution with a specific
gravity of 1.42 g/cm3? (H =1 g/mol, O =16 g/mol, N=14 g/mol)

Solution:
e M.Wtof HNOs;= 1 +14+(16x 3) =63 g/mol

mole | _ % Xsp.gr x1000

M =
( L ) M.wt
70.5
—=%1.42 g/cm 3 x1000 |
M =100 =15.9 (=)
63 g/mol L
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Diluting Solutions:-

We often must prepare dilute solutions from more concentrated stock
solutions.For example ,we may prepare a dilute HCL solution from
concentrated HCL to be used for titration .Or ,we may have a stock standard
solution from which we wish to prepare a series of more dilute standards.The
millimoles of stock solution taken for dilution will be identical to the
millimoles in the final diluted solution.

A3 53l 38 5 il R e Jslae ) (bl 5ol ) st Bila) Adae 58 1 llaal) s
Jalladll (e 5 sk Jil ()5S0 dddaal) Jdlaall Y eV aladin o Cadadll e Cangll s, 4
o el sl Batae 385 e Jpeand) @IS 2t Ul ST Lglany Les 335 5ol

Aasl) Jallasl)

o i) () il
(M x V) conc. = (M x V) dil.
(M1xV1) =(M2xV2)

s ) Jsaall Ula) caww concentration solution S el Jslaall ;ddaadla )
(stock solution &Y' J slaall

Example (11): How many millilitres of concentrated sulphuric acid, 94.0%
(9/100g solution), density 1.831 g/cm?, are required to prepare 1 liter of a
0.100 M solution?(H=1 g/mol, S=32 g/mol, O=16 g/mol)

Solution:

o M.Wtof H,SO,= (1%2)+32+ (16%x4) = 98 g/mol

mole  _% Xdensity x1000
M( L ) = M.wt
%% 1.831 g/cm3 x1000
94 g |
M =10 =17.5 (=)
98 g/mol L

0.100 M aise 58 5 5 51 (N 4ddas ol yall g 5S pall Jslaall 58 17.5 M S 3
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(M x V) conc. = (M x V) dil.
(M1xV1) =(M2xV2)

1750w v1 = 0.1™ a1

L L
0.1m9 11,
vi=227 M g 0057 L
17.5
o A anall Jygat o slladll il anal)
L=1000 M| == 0.0057% 1000=5.7 ml

Example (12):- How many mL of (0.1 M) KMnO4 should be used to prepare 100 ml of
0.001 M solution? (K=39 g/mol, Mn=55 g/mol, O=16 g/mol)

Solution:

mmfleﬂ\hﬁ 0588 Sl ol Jally Lia anall 430 Lay
m

(M1 x V1) = (M2 x V2)

0.1 mmole y \1 = 0.001 22 100 ml

ml ml

mmole

0.001 =22 x100 ml
V1= m =1ml

01 mmole
ml

Homework Example (13):- You have a stock of (0.1 M) KMnO4 and a series of 100
mL volumetric flasks. What volumes of the stock solution will you have to pipet into the
flasks to prepare standards of 1.00, 2.00, and 5.00, M KMnO4 solutions? (K=39 g/mol,
Mn=55 g/mol, O=16 g/mol)



Analytical Chemistry  Lecture 2 Dr. Ruba Fahmi Abbas

Example (14):- What is the volume of (0.25 M) K,Cr,0O- solution must be diluted to
prepare 500 ml of 0.1 M solution? ? (K=39 g/mol, Cr=52 g/mol, O=16 g/mol)

Solution:

mmfleﬂ\hﬁ 0588 Sl ol Jally Lia anall 430 Lay
m

(M1 x V1) = (M2 x\?2)

0.25 mmele w1 = 0.1 mm 500 m

ml ml

mmole

0.1 X500 ml
V1= ] =200 ml

mmole
0.25 -

Example (15):- What volume of 0.40 M Ba(OH)2 and what the final volume
of OH” must be added to 50 mL of 0.30 M NaOH to give a solution 0.50 M in
OH??

Solution:

Volume of NaOH + Volume of Ba(OH)2 = final volume of OH’
50ml + X = (50+x) mL
Let x = mL Ba(OH)zand the final volume is (50+x) mL
No. of mmole= M XV
NaOH + Ba(OH)2 —— , Final OH
mmolOH  + mmol20H° —— Final mmol OH
(0.3M x 50ml) + (2x04M x x )= (0.5M x (50+x) )
15 +08x = 25+0.5x
0.8x - 0.5x =25-15
0.3x =10 === x = 33.33 ml Volume of Ba(OH)2

Final volume of OH =50+X s 50+33.33=83.33 ml
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Homewor :- What volume of 0.5 M FeCl; and what the final volume of CI
must be added to 100 mL of 0.25 M NacCl to give a solution 0.50 M in CI™?

Solution:
Volume of NaCl + Volume of FeCls = final volume of CI
100 ml + X = (100+x) mL

Let x = mL FeClsand the final volume is (100+x) mL

No.of mmole= M xV

NaCl + FeCl; — » FinalCI

mmol CI'  + mmol3ClI™ ———— Final mmol CI'
(0.25M x 100 ml) + 3*(05Mx x )= (0.5M x (100+x) )
25 + 15x = 50+05x
1.5x - 0.5x =50-25
1x =25 === x =25m|\Volume of FeCl;

Final volume of CI" = 100+X s 100+25= 125 ml
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Example (16):- Prepare 500mL of 0.010M solution of Na" from solid
Na2C03? (Na=23 g/mol, C =12 g/mol, O=16 g/mol)

Solution:

e M.Wtof Na2CO3= (23x2)+(12)+ (16x3) = 106 g/mol
Ok (A (Gl g i 4 )Y s Jse 4B Ui il

1Na,CO; > 2Na* + CO5
Molarity y 0.01 M
Mole 1 mc><> 2 mol.

Y= O'Zﬂ:o.oow of Na,COs5

I\/I(mole ) _ wt (g) 1000(71—5
L M.wt (g/mole ) V(mL)
mL
mole | wt 1000(7)
0.005( L ) = 106(g/mole)>< 500(mL) 7
_0.005(™2%)x106(g/mole)x500(mL)

= 0.265 g

1000 (%)

Homework: Prepare 500mL of 0.010M solution of Na2C0O3? (Na=23 g/mol,
C =12 g/mol, O=16 g/mol)

Solution:

e M.Wtof Na2CO3= (23x2)+(12)+ (16x3) = 106 g/mol

I\/I(mole ) _ wt (g) 1000(71—5
L M.wt (g/mole ) V(mL)
mL
mole | wt 1000(T)
0.01( L ) = 106(g/mole) ~ 500(mL)

Wt=0.53 g
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Formal concentration: The term use for solutions of ionic salts that do not
exist as molecules in the solid or in solution. Operationally, formality is
identical to molarity.

ol e JSG e aa i Y 3l A 0¥ 20! dillaad sllaal) aaiing 1 Ala g gll) a8 il
oY sall S5 e (e g ey sill e (8 Ul Jslaall 8 dulall saldl)

_ w@  1000¢)
"~ Muwt (g/mole) ~ V(mL)

Example (17): Exactly 4.57 g of BaCl,.2H,0 are dissolved in sufficient water to give
250mL of solution. Calculate the formal concentration of BaCl, and CI in this solution?

(Ba=137 g/mol, CI=35.5 g/mol)
Solution:

e M.Wtof BaCl,.2H20= 137+ (35.5x2)+ 2x(18) = 244 g/mol

L wi(® 100035 457(9) 10005
Feaciz H0= 1t (g/mole) * V(mL) 244 (g/mole) X 250(mL) =0.0749 F (BaCl,.2H20)
BaCl, » Ba”+ 2CI

0.0749 F 2x0.0749 F =0.149 F(CI")
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Equilibrium Molarity: The equilibrium molarity expresses the molar concentration of a
particular species in a solution at equilibrium. To state the species molarity, it is
necessary to know how the solute behaves when it is dissolved in a solvent. For example,
the species molarity of H,SO, in a solution with an analytical concentration of 1.0 M is
0.0 M because the sulphuric acid is entirely dissociated into a mixture of H*, HSO,~, and
SO,% ions; essentially no H,SO, molecules as such are present in this solution. The
equilibrium concentrations and thus the species molarity of these three ions are 1.01,
0.99, and 0.01 M, respectively.

A3 53 80 2

3855 a0 515l Al die Jlae A Gl adl (e e g sl Jge 3855 e st o A ) gl a8
el 8 L3 ie Tl salall & sl A8 jaa i ¢ £

LSl () sl Al die Jglaa 8 Ol )l o0 ddedll ) 3 i) 4 A )l S0 i Ll
Jeld gl Ggan J8 Jlaall 8 200 salall dpeS Jiag g2l sl 38 5l e aliss a

st S5 Jslae (8 (H,S0,) i sl (mead Jsall 58 5l cJUall Jyss e faglloa Bada crad Jlia
Sl 5 ¢(YH ) O somell il ) Ll iy ety <l mea (¥ s, ¥ 90 0.0 58 J¥ 50 1.0
ALalS el yS e Gl ya a8 Y il (TS0,2) i Sl Gl s (THSO,) Sl pSl Cps s el

sl e ¢ ¥ 50 0.01 50.99 5 1.01 (& B b 0¥ 03] A ) gl 380 530 Jlaall b

Example (18):- Calculate the formal concentration of: (a) an aqueous solution that
contains 1.80g of ethanol in 750mL. (b) An aqueous solution that contains 365mg of
iodic acid HIO3 in 20.0mL (the acid is 71.0% ionized in this solution) ? (C2H50H,
ethanol , C=12 g/mol, H= 1g/mol, O=16 g/mol)(iodic acid HIO3, 1=127 g/mol)

Solution:

e M.Wtof C2H50H = (12*2)+ (6x1)+16 =46 g/mol
e M.Wtof HIO3 = (1)+ (127)+(16*3) = 176 g/mol
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()
. wt 1000 1.80 1000 0.0521 F C.H.OH
C2HSOH ™ pwt “vmL =~ 46 = 750 25
el A (oY sall 58 il 8 SIAL J i) sa 5 Sl Jslaall 3 2013 50s) 5 30l 2a 5y
The only solute species present in significant amount in an aqueous solution of ethanol is
C,HsOH, therefore; M =F = 0.0521

(b)
t 1000 o 1000
w
X = 1000 %

F = -
Fwt ~ VmL 176 ~ 20

= 0.104 F (¥1% Ionized)

Bajlase ciliy Ja g ciligl o (s iy Jglan 100 = cubia s + (lia
lonized+ deionized =100

9 44U e Baladl s SU s« Jsladll B cuia jonized ALl (e da 0671 43l Jpadl & SO

gl ) s 1 A1l skl (e 29.0%

Here, only 29.0% (100%-71.0%) of the solute exists as undissociated HIOs. Thus, the
molar concentration of this species will be

== X 0.104F = 0.0302 F HI0;|(29% deionized)

Example(19):-Calculate the analytical and equilibrium molar concentration of the solute
species in an agueous solution that contains 285 mg of trichloroacetic acid, ClIsCCOOH
(Fwt=163.4) in 10.0mL (the acid is 73% ionized in water). Employing HA as the symbol
for CI;CCOOH, we substitute into equation (law) to obtain the analytical or total
concentration of the acid?

Solution
HA »H + A
g= 1000 mg 2% —~0.285¢g

1000
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. wt 1000 0.285¢g 1000
M.wt VmL 1634 (L) 10
"7 “mol

mmol
4 —— (HA 73% lonized)
mL

=0.174 M
0.174 M s (il HA paalad) S 5
100 = (pbia & + (nlia
lonized+ deionized =100
100-73=27%
Because all but 27% of the acid is dissociated into H" and A", the species concentration of
HA is:

27.0 mmol
[HA]deionized = 0.174 x To0 = 0.047W(HA 27% Deionized) = 0.047M
0.047 M s (il ;& HA oalal) 38 5

The molarity of H ™ as well as that of A" equal to the analytical concentration of the acid
minus the species concentration of undissociated acid
Jstaall (8 dadlad) g A gall i) 38 5 e Juand da Guliall 1 e (lial) aaalal) 358 5 g ks
[H *]=[A"] = 0.174 — 0.047 = 0.127 mmol/mL = 0.127M
Note: the analytical concentration of HA is the sum of the species concentration of HA
and A Cy, = [HA] + [A7] = [HA] + [H30%]or[H *]

analytical molar concentration equilibrium molar concentration
s gaaal) 58 5 gara Jodl Cyp sl 38 Al | Jady 031 68l) die 58 A

Jslaally @l o) aa) a8 5 2 (alial)

1- [HA] deionized=0.047M

Cha =[HA] + [A7]

OslE gl 2- [A-] =[H+]=0.127M

CHA = [HA] + [H30%Jor[H *]

Cha = 0.047+ 0.127=0.174M

Exercises:

1. How many milliliters of concentrated hydrochloric acid, 38% (wt/wt), specific

gravity 1.19, are required to prepare 1 L of a 0.1 M solution?
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2. Calculate the molarity of each of the following commercial acid or base solutions:
(@) 70% HCIO4, sp. gr. 1.668, (b) 69% HNQO3, sp. gr. 1.409.

3. Calculate the molar concentrations of all the cations and anions in a solution
prepared by mixing 10.0 mL each of the following solutions: 0.100 M Mn(NO3)2,
0.100 M KNO3, and 0.100 M K2S04.

4. A solution containing 10.0 mmol CaCl2 is diluted to 1 L. Calculate the number of
grams of CaCl2-2H20 per milliliter of the final solution.

5. Calculate the molarity of each of the following solutions:

(@) 10.0 g H,SO, in 250 mL of solution (b) 6.00 g NaOH in 500 mL of solution (c)
25.0 g AgNO3 in 1.00 L of solution

. Calculate the number of grams in 500 mL of each of the following solutions: (a) 0.250
M Na,SO, (b) 0.250 M Fe(NH,),(SO,),-6H,0 (c) 0.667 M Ca(C,H30,),

7. Calculate the grams of each substance required to prepare the following solutions:

(@) 1.00 L of 0.0275 M K,Cr,0O, (b) 500 mL of 0.0500 M CuS0O,-5H,0 (c) 250 mL
of 0.100 M KOH

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

. Calculate the number of moles and the mass of the solute in each of the following

solutions: (a) 2.00 L of 18.5 M H,SO,, concentrated sulfuric acid (b) 100.0 mL of 3.8

x 1072 M NaCN (c) 5.50 L of 13.3 M HCHO, the formaldehyde used to "fix" tissue

samples (d) 325 mL of 1.8 x 10™* M FeSO,

10. If 1718 mL of a 0.5356 M CgHsOH solution is diluted to a concentration of
0.1222 M, what is the volume of the resulting solution?

11. An analyst wishes to add 256 mg of CI™ to a reaction mixture. How many mL of
0.217 M BaCl, is this?
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12. The density of concentrated ammonia, which is 28.0% w/w NHs, is 0.899 g/mL.
What volume of this reagent should be diluted to 500 mL to make a solution that is
0.036 M in NH3?

13. A city's water supply is fluoridated by adding NaF. The desired concentration of
F-is 1.6 ppm. How many mg of NaF should be added per gallon of treated water if
the water supply already is 0.2 ppm in F?

14.How many grams per milliliter of NaCl are contained in a 0.250 M solution?

15.

Dilution calculation

16.A 12.5 mL portion of a solution is diluted to 500 mL, and its molarity is
determined to be 0.125. What is the molarity of the original solution?

17.What volume of 0.50 M H,SO4 must be added to 65mL of 0.20 M H,SO, to give a
final solution of 0.35 M? Assume volumes are additive.

18. You are required to prepare working standard solutions of 1.00 x 107, 2.00 x
10, 5.00 x 10, and 1.00 x 10 *M glucose from a 0.100 M stock solution. You
have available (100 mL) volumetric flasks and pipets of 1.00-mL, 2.00-mL, 5.00-
mL, and 10.00-mL volume. Outline a procedure for preparing the working
standards.
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