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The Nature Analytical
Chemistry

Yo



:(Analytical Chemistry) aldail ¢l
o 5ol Alladl) 3kl g JISEY) (e Ao ana o S il Ble

A measurement science consisting of a set of powerful ideas
and methods that are useful in all fields of science and
medicine.

Hlad 5 O ) e 95 G Addadl (3 )kl andi
(Oualitative analysis) & sl Judaill §,b .1

HQL__\SJA“}_)mwngJ.\a;JGJﬂ“:Eé).k]‘a:n‘aﬂ‘,
AT

Identify of the elements and compounds in a sample.

(Ouantitative analysis) <) Jdall j,b .7
Aall Jala3ale JS A 3aad e (3 )kl 038 o g8

Indicates the amount of each substance in a sample.

) Luell Gl e a4 (analyte) aud Lebdad o jall Al o 3l
Aaal caay

The components of a sample that are to be determined.

\R%
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(Gravimetric methods) st Jidasll (3 )k .

(Volumetric methods) dsaaall 3kl .Y

(Electro analytical methods) b <V Jdadill 3,k ¥
(Spectroscopic methods) aiudall Judasll (3 da . ¢
Al g I okl e ade S5l 380 S Lad

Jaall 83 el ALl ¢ pht 332 e o sl Jilaill dulae (paia
:‘éJlIJLS‘_;AJ

YA



Ll ol el Moy plida

Acquire
sample

Process
sample

Carry out
ichemical dissolution]

Yes l
, No
Change chemical|  Measurable

form property?

Eliminate
interferences

}

Measure
property X

|

Calculate results

!

Estimate
reliability of resuls
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(Replicate Samples) 5 ) Siall cliall .
Aglee i el ) fyy L pnall by 055 5Ll e el 3l &
gl i L sl
Are portions of a material of approximately the same size

that are carried through an analytical procedure at the
same time and in the same way.

(Interference or Interferent) alaal 3 gl LY
Lgual 3 yall 5ol AaS Julis o 50 5 Lkl Canss il 3o 8
A species that cause an error in an analysis by enhancing
or attenuating the quantity being measured.

(Specific techniques or reactions) 83aaa cilelis dak .y
aaad Cua (50 dad daal g sale oo CalSH cOlelal ) 35k A
S g Lo i
Techniques or reactions that work for only one analyte.
Selective techniques or ) i—iad) cdlel s g §—h .¢
(reactions
i e 3 gall e gaae a0 e cadSl edela) okl
"isaS f Lge 55 wans
Techniques or reactions that apply for only a few
analytes.
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(Sample matrix) diad ;s gisa .0
Lebdas of yall Bolall (5 fiad Al Aiall DS JS A

All of the components in the sample containing an analyte.

il o deal sl
0795306216
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Chapter Two
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Calculations used in
analytical chemistry
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$5316.023 x 10 = A (e Jga )

(8) SESH saadl = 3 e Jga )
— Atomic mass

iy sall o el sae

. - =N
PETIE TS Vsl e (Y

No. of moles = 130: of atoms or molecules

' Avogadro's No.
No.
n= — L. 1
N (1)
<y

= oY gall e (Y

i ABSY ) BSH asad

mass
Atomic mass

No. of moles =

n=

_m
Mw

cliial el Al se 5 cY s e 5 A e

A\l
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Example:
Compute the mass in grams of a sample of carbon
containing 68 atoms?

$03 S8 533 TA (g5 5iad (S Aigml (pal 2m 5) AESH Consal
Solution:

"o Jsadl 5" VY = e UMW

AN Cas @Y all 22 e g Y gall dae s & A 2ae e

n=1.13 x 102 mol.

b)n=£
Mw

1.13x102 =2
12

>m=135x10"g.

Yv
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Example:
Compute the no. of atoms in a 10.0 g sample of aluminum?

€10.0 g s psisalll o die b A 2ae Caual

Solution:
Al e O gall 2e ALK
Y.‘,QA = ?,-\-\Am_' MW
a) n=_rn_
Mw
n= m =0.371 mol
26.98
b) n ="
N
0371= ——>
6.023x10

= no. =2.23 x 10* atoms

YA
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The Millimol (mmole) J e Ja

1mol = 10° mmol

st s (milli) —Y saay 8 101 elas ala i lisbu Lina Je LS
s _aad Al Y1 e Jalatll Jaguadd 3aladl (e (1/1000) oo il
LY gall

Example:
How many moles and millimoles of benzoic acid (M=122.1
g/mo) are contained in 2.00 g of the pure acid?

"Mw=122.1 g/mol" ¢yl ja ea &Y 30 Ja 5 OV 9o 22e oS
€Al aeall 138 e (2 8) (A 352 sal

Solution:

055 (2 g) Dl 13a A& Jheddl 580 o e Ju (Pure) i 4
dadd ol il e (e

m=2g Mw = 122.1 g/mol

__m
Mw

n =——2—= 0.0164 mol

122.1

=n

Y4
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mmol ) 4 il

3
0.0164 mot” x 10 MmOl 44 mmol
L I mol

101 elpasSl plaiy) plibe S 3 Juaiily Uina ipe 4l )l o3

i u—‘_s\.“ 3aa gll

LS pall A giall ducaill
Percent Composition of Compounds

Al A gall AN X jeaiedl & 53 22e

c%)\hn X = . L . ‘;\.u.ul‘
Sl ) A senl il s
Example:
C6HI2O6
— % C = 6x12 «100% = 40%
6x12+12x1+6x%x16
— o H="2%1 100% = 6.66%
180
=%0= 6"l)6><100% =53.33%
°/o\~~ =t_,4;.a.“
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b S pall A Sl jualiall A giall ol § gana S Al 1Y @

Example:

Jal s dgay e Jay 13gd %Y

Calculate the mass percent of oxygen in glucose

(C6H1206)
2) 6.67%

Solution:

CeH,1204

b) 53.3%

= mass percent of O

6 xatomic massof O

)8.88% d)27.1% e)40.0%

x100%

molarmassof C;H,,0,

6x16

C 6x12+12x1+6x16

=53.33%

100%

)
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Example:
Calculate the mass percent of oxygen in Na;PO,

(M.m = 164 g/mol)
a) 38.1 b)52.6  ¢c)451 |d)39.0| e)324

Solution:
4x1
mass percent of O = X 46 x 100%
=39%

Example:

Calculate the mass percent of oxygen in nitrobenzene,
C¢HsNO,.
(At.wts. C=12.0, H=1.00, N = 14.0, O = 16.0)

a) 26.0% b) 32.1% c) 11.4%

d) 4.07% e) 58.5%

Solution:

%0 = 2x16 x100%
(6x12+5x1+1x14+2x16)

= 22—xlOO% =26%
123

Y
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S yall el AES Lyl & g5 1) oS jally jeaic (sf AES alay) apliis @
oA AlaSh dapall

S yall ABS X aiell 4 hall Lill = juaiell ABS

Example:

Calculate mass of carbon in 0.176 g of C,HsO,?

?C2H602 w0176g @5.});}4.“ Q_,g_)S.“ Al sl

Solution:

%C = 2x12 x100% = 38.7%
2x12+6x1+2x16

= m =3—&—7-><O.176=0.008 g
100

C

Example:

What mass of chromium (Mr 52.00) is required to
prepare 100.0g of K;Cr,0; (Mr 294.0)?

a)3537| 1)70.70 ¢)106.1  d)S3.03  e)17.68

\RE
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Solution:
Mass percent of Cr in K,Cr,Cl,

=2"32x100%=35.37%

Mass of Cr in 100g of K,Cr,0; = 315(')?)7

x100=35.37¢g

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

O— (25.0 g) —b 25— 90 (MW=22.99 g/mol) Na* (s ol £ S
¢ (Mw=142.0 g/mol) Na,SO,

Solution:

Lde cia oS50 Jal jeaie ()5 ba lie il J el o ey
Sl b el o3 A il

2 x Mw
%Nat=_—.—  Na ,100%

Mw
NaZSO 4

%Na™ = 2—"1122'99 «100% = 32.38%

+ o +
= mNa' =%Na mea2$O4

mNa™ :Hxﬁ =8.1g
100

Ye
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alad o+ il = Jslaal

(solute) (solvent) (solution)

Example:
NaCl ﬁ» NaClg
o OS5 Jglas
¢ LIl e NaCl

:(Hydration) ‘sl

(Solvent) cuieS elall ddaud 50 43Y) Alac

colally (o5 A Y 3 gall alana

NaCl(S) - Na(*aq) + Cl('aq)

g

Gl o ol 8
0795306216
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The Nature of Aqueous Solution

dJstaad

taitall J glaall dashy

(Solution)

AAS dgiaa
Electrolyte

G\-"x‘ H,Jna-'l, eladl 5 ol ge o
(anion) 4.y (cation) s s
el sl Z.L.a_,a" 1,4_'\.)\3‘\ Aie

AS 2 Jsiaa
Non electrolyte

Vo ST Y S elally iy o e (o2
il g (cation) dm ge gl ass
iage ' Ly 2ie (anion)
el el
1 Jlia
Ce¢H1206 , CH;CH,OH

ima (S dlas
Weak Electrolyte

(o S Sy e

ebesll Cima Juayge @

e oSy e

(weak acid) i jaea ()

HF, CH;, COOH :J%
Weak Base ddminsacld (Y

NH;, CN, F :}a

1

G S Jsiaa
Strong Electrolyte
el _esll L_S)i Jaga o
e Sy @
(strong acid) s §f e ()
HCI, HNO;, H,SO, :Jls
Strong Base 438 s2cd (¥
KOH, NaOH :Jt.
Salts z3Y1 (¥
NaCl, KNO;, CaF, :Jla
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Jolaall Sl oSa

Composition of Solution

:(M) (Molarity) 4, sal

Molarity = = 4,,)¥ 5al
() Jslaadl ana
Molarity = moles of sol.ute
volume of solution (L)
M="1
\%
M _’i mol/L = igﬂ,al\ baa 4
Ll S LS
m
n=—
M,
M & n & m PR
Example:

Calculate the molarity of a solution prepared by dissolving

11.5 g of solid NaOH in enough water to make 1.5 L of
solution?

vy
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st Lbiall NaOH 30le (3 11.5 g 43l ylas Jshaad 4y Y gall ol
Solution:

m=115g L=15L

w=23+16+1=40 g/mol
Jyd oo 1 ¥

sl n=1\r/1n =1—5=0.288mol

w

M=E=O_'2§=o,192M
\% 1.5

Example:

Calculate the Molarity of a solution prepared by dissolving
1.56 g of gaseous HCI enough water to make 26.8 ml of
solution?

3lS 48 G HCI e (e 1.56 g 230 jiaa Jslaad 4y 3¥ gall cansal

Solution:
m=156¢g v = 26.8 ml =£6'—8L =
1000
0.02681 L
Mw =1+ 35.45 =36.45 g/mol
Jsad e
(’5_)).\.“

YA
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= 1—52 =0.0428 mol

m
M, 3645

0.0428

=1.6 M
0.0286

M=2_
v

Example:
Typical blood serum is about 0.14 M NaCl, what volume of
blood contains 1.0 mg NaCl?

Solution:
M=0.14 M m = 1.0

B _1x107g
107 .nig

/Mw =23 +35.45 = 58.45 g/mol
(e

m _1x107
Mw  58.45

-5
E:O.l4=1'7XIO

v v
=>v=12x10"L

mg

Jdssad

gosl =n= =1.7x10"° mol

M =

Example:
A 8.40 g sample of HF (M.m = 20.0 g/mol) is dissolved in

water in give 2.0x10> mL of solution. The concentration

of the solution is:
a)5.9 b) 2.1 c)83 d) 3.7 e) 7.4

T4



Solution:

n="1_8%4_, 4
Mm 20

M\= %

Molarity
V=2.0x102mL
=02L

:>M=%=2.1M
0.2

Example:

Ll adele € Bl ¥ pliia

The mass of NaCl (M.m = 58.5 g/mol) contained in 350

mL of a 0.250 M solution of sodium chloride is:

a)5.12g| b)12.7

Solutions:
n=Mxyvy

v=350ml =0.35L

©)693g d)188  ¢)9.10g

= n=0.25 x 0.35=0.0875 mol

=>m=nxMm

=0.0875x58.5=5.12 ¢
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Example:

A sample of 214 g of CaCl;, (M.m = 111.0 g/mol) is
dissolved in 450.0 mL of aqueous solution. Calculate the
molarity of CaCl, in solution:

a) 0.124 b) 0.778 c) 0.428 d) 2.46 e)
70.4
Solution:
m 214
n =——=——=0.193mol
C8C12 Mw 1

V =450 ml = 0.45L

M=21
\

M= g@=O.428M
0.45

Example

A sample of iron ore weighing 0.2792 g was dissolved in
diluted acid solution and all the Fe(Il) was converted to

Fe(III) ions. The solution required 23.30 mL of 0.0194 M

K,Cr;0, for titration. Calculate the percent by mass of

iron (Mr 55.85) in the ore. “alill 3all”

A
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The equation for the reaction is

Cr,0} +6Fe* +14H* —»2Cr* +6Fe’ +7H,0

a) 19.44% b) 54.25% ¢) 39.95%
d) 26.15% e) 70.61%
Solution

V=233ml=0.0233 L

Ny oo, = MxV
Ny o, = 0.0194 x 0.0233 =4.52 x10°

1 mol of K,Cr,0; —> 6 mol of Fe*? mol
4.52 x 10 mol of K,Cr,0; — X mol of Fe™ mol
Moles of Fe*? = 6 x 4.52 x 10 =2.71 x 10” mol

m__, =nxMw=2.71x10" x55.85

Fi

=0.151g

o;Femass of Fe .o

mass of ore

0151
0.2792

x100%=54.25%

¢y
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Example:

Calculate the mass (g) of KNO; (molar mass = 101.1
g/mol) which is needed to prepare 250. ml of 2.00 M
KNO, solution.
a) 202 b) 75.8 c) 303 d) 125 E) 50.6

Solution:
V=250ml=0.25L
N=MxV

N=2 x0.25=0.5 mol
M=nx Mw

=0.5 x 101.1 =50.55¢

Example
How much solid K,Cr,O; must be weighed out to make 1 L

of 0.2 M solution?
I aena Jolae Jand 2P0 KoCry0; (e dubiall 5ol 448 o0 Lo

0.2 M o S yigl
Solution

n=MxV=02x1=0.2 mol
>m=nxMw=0.2x(294.19)=588 g

¢y
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Example

A 8.40 g sample of HF (M.m = 20.0 g/mol) is dissolved in
water in give 2.0x10’> mL of solution. The concentration
of the solution is:

a)5.9 b) 2.1 ) 8.3 d) 3.7 e) 7.4
Solution:
n=_84 o4
Mm 20

M==

\ \Y

Molarity
V=20x10"mL
=0.2L

0.42

=>M=—=21M
0.2

Concentration of ions &l o) 3a8) 5

G 3 5 (e Alia Bale S e Aanlill Gl 580 5 s gk

Balall 538

¢¢



Example:

a) NaCl,,
0.1 M
b) Co(NO, ),i,,

0.5M
c) Fe(ClO, )

IM

el el Ml plde

- Na(*aq) + Cl('aq)
0.1 M 0.1 M
—) CO(aq + ZNO; 1

0.5M 2x05=1.0M
) > Fepq + 3ClO; 4,

lM 3x1=3M

tlad g Cpals Gpalhaas G Spadll dile

Al g ¥ gad 5850

(Analytical Molar Concentration) (Ca)

ne olua Dla e @l DA (Molarity) ¥ sall 35S A o

A Gl cuaa (V) 5l aaall e

M=—
v

oo (Solute) aall dany 5 L g il s G Lina o Lo 58
+Jslaall Jals (Association) pass 4 (Dissociation) i

The total number of moles of a solute regardless of its
chemical state in 1L of solution.

¢o
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[A] (Equilibrium Molarity) &) 53 43 ¥ sa .Y

Jaby YY) Qa2 e dma ol (Agal) Jedll 35S 5 B
Jglaall

The molar concentration of a particular species in a solution.

Example:

Calculate the analytical and equilibrium molar concentration
of the solute species in an aqueous solution that contains 285
mg of trichloroacetic acid, CI3CCOOH (163.4 g/mol), in
10.0 mL (the acid is 73% ionized in water?

S Ul (b Slaal O Y &Y gay Jdail (5 )Y gall 5S A
Mw=163.4 g/mol" (CH;COOH) (sasx 1 (285 mg) e (552
elall 873% duy (u.lLu) SSiy yaaall 138 10.0m] 4

Solution:
(HA) 3000k J3udls Jand jaeall ey Cigm
(Cha) (analytical molar con.) il 5 )¥ sall 58 A0 ()
m =285 mg=0.285 g.
Mw = 163.4 g/mol

V=10ml=0.01L

po 0285 o0

“Mw  163.4

-3 mol

M=1
v

Mo 1.74%1073
0.01

=0.174 M

1
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(Equilibrium Molarity) ¢f ¥} 4 ¥ se (¥
1Al Ableal) Cona S8 Camaall Gaeall 8 SN LS

HA — H' + A

—~

100% - ) o 450 i85 Lo 0 73% 58 el 13 (e dlSE Lo of Layy
(73% =27%

oaaal
\[‘HA]—le
="Cha

[HA]_—xo 174=0.047 M
100

p T S ety Laghe JS8 AT, H™ SISiD (e daslill <l oY1
It ]=[a" ]——x0174 0.127 M
Example:

Describe the preparation of 2.00 L of 0.108 M BaCl, from
BaCl,.2H,0 (244.3 g/mol)

S 3a 50 (0.108 M) 3855 (2 L) anay Jslaa yuudass &y yh ciia
$(Mw=244.3 g/mol) BaCl,.2H,0 < = (1 gl s BaCl,

£y
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Solution:

nBaC],z =0.108x2=0.216 mol

BaCl 2H O——>BaCl_ +2H O
o8 Aslaall 03 DA (pa g
"BaCl, = "Bacl, 21,0 = -216 mol

= Mpacl, 20,0 =MW

=0.216x244.3=52.77¢

Example:
Describe the preparation of 500 mL of 0.0740 M Cl’solution
from solid BaCl,.2H,0 (244.3 g/mol)

(CI) usY (0.0740 M) 35S 55 (500 ml) anay Jslas juaal Ciua
"Mw=244.3 g/mol" BaCl,.2H,0 <8 s (1

Solution:
v=500ml=0.5L (10° e dauil)
=>ne =M x v

nc =0.074 x 0.5 = 0.037 mol

£A
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s Joady Sk s LS (BaCl2H,0) ;2 uasl (C1) Laas

:a 0l Adalaalt
BaC12.2H20—>Ba+2 +2C1” +2H,0
2molof CI” —— 1 mol of BaC12.2H20
0.037 mol of CI” —X— X mol of BaCl, 2H,0
= Nyq, 0 = 0-0185 mol
= nBsCI;.ZHzO =n x Mw
=0.0185 x 2443 =452¢g
Solution Composition ) i )3
Solution = Solute + Solvent
Jladl e Cule

Jlladl Jals (concentrations) Sl e aadll 3k s aa g

mass of solute
1) mass percent = — x 100%
mass of solution

ol Sy

Mass of solution = mass of solute + mass of solvent
(Jstaal 539) (AN IISY) (el 0))

£9
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moles of A!

2) mole fraction of A =
total no. of moles

e

A

n

Total

Xa=unitless  lasg en

moles of solute

3. Molarity = :
volume of solution (L)

M=2
— V

Unit of Molarity = mol/L or M

(o)

4. Molality = moles of solute

mass of solvent (kg)

Ay pal

Unit of molality = mol/Kg or m
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5. Normality =fx M (unit = N)

( Normal Jl i  sia3)
M = Molarity (mol / L)
f=no. ofequivalent (1,2,3,...)

el g oSl £ 3 DA e saaal aakia g
(OH_-’iI_r)MLJL‘“(f)QJSj-\C‘Jﬂ‘JL)b}‘A_“‘;(\

Example:

f M
0.2MH,;SO;, =>N=2x02=04N
0.1 MAKOH); > N=3x0.1=03N
0.3 M HCI =>N=1x03=03N

Oxidation — Reduction " Jl }—3a¥! 5 2 Skl cBlelis Jla (Y
."Reaction
Bagiaall o 2n€al by FENT 33ad U sbaas (£) 005S

Example:
MnO, + 5¢"+8H" —— Mn"?+4H,0
0.6 M
LM
=N=5x0.6=3N

o)
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Example:

A solution is prepared by mixing 1.00 g ethanol (C,H;OH)
with 100.0 g water to give a final volume of 101 ml.
Calculate the molarity, mass percent mole fraction and
molality of ethanol on this solution.

o— 100.0 g a— (Co;HsOH) J st (30 (1g) dalay yima Jglas
Al g 4 ,5Y gall cana) (101 ml sl Al pans Jslae and clal
staal 13 (b ) AN sl y Ay Gl AL

Solution:
meon=1.00 g Mw . o= 46.07 g/mol
m,,=100.0 g Mw,, ,= 18 g/mol
Vsonution= 101 ml =0.101 L
l) M — nC,H;OH
v
n =£=;=2.17x10'2 mole
M, 46.07
-2
M= MO_ =0215M

— mCzH,OH o

2) mass percent = x 100%
mc,H,OH + muzo

L 100%=0.99%
1+100

oY
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n
3) mole fraction= X, ., = C;H;OH
nC;H,OH + rleO
n,, =£=@=5.56 ol
T M, 18
-2
= 27X D =3.89x10"
(2.17x107)+5.56
nc,H,on

4) molality =1 o of solvent (kg)

m,,=100g=0.1kg

2
me 217107 i m

Saay g i oo dasadll ddec A § pasdll 1 o ALY ST #
rAdal A8 kil Jyall Cldaas Japad angy Jysadll Adee g

021molof NaCl ' % 5} M of NaCl
1 L (solution)

35 g of HCI = 359 HCl in water

100 g solution
2.6 mol of NaOH &
1 kg of water

0.6 mol of KCl < 0.6 mole fraction of KC!

2.6 m NaOH

1total no. of moles

oy
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Example:

3.75 M sulfuric acid solution that has a density of 1.23 g/ml.
Calculate the mass percent, molality and Normality of the
sulfuric acid.

i I a5 Ayl y B Al

Solution:

3.75 mol H,SO,
1 L of solution

3.75 M H,SO,

=n,,, =3.75 mol V=1L=1000 ml
=>m,, =nxMw=3.75x98.1=367.87g
>m_.  =dxv=123x1000=1230g
=m, , =m,,,,, ~M,, =1230-367.87=862.13 ¢
=0.862 kg
=>n,,= m_ _862.13_ 47.9 mol
T M 18

w

aid iy gaill fan Y15 4nliag Lo S Lo

m H,So, °
1) mass Percent = x 100 %

solution

367 .87
T 1230

o¢

x 100 % = 29.9%
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2) Molality Ny, 375
) N=fxM M, 0.862
=2x375=75N

=435 m

Example:

Solution consists of 34% of NaOH that has a density of
0.98 g/ml, calculate Molarity, Molality, mole fraction and
Normality ?

cuaal 0.98 g/ml la_jlase 488S &by NaOH %YE (e 5Sh Jslas
e 55 A b gy Y sl 5 25 50

Solution:
tad NaO.H 34% NaOH

100 g solution

Myon = 34¢g

= mHzO = msolution - mNaOH = 100 - 34 = 66 g = 0.066 kg
m 34

D Ny = —— =-——=0.85 mole

NaOH MW
nHO =£=@=3.67 mOI
T M, 18

= Vsolun'on =E=m=102 ml=0.102 L

d 0.98

00
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i iy gailly T V15 aaling La JS Laa

) Mm :f‘_=_0£§_=3,33M
v  0.102

ym=—>=n =08 ) eem
m, . (kg) 0.066

3) XNaOH = = o = 0.85 =0.188

Nyow +Nuo  0.85+3.67

4Hn=fxM=1x833=833N

(Part Per million (ppm)) gstall (e £ o o

ppm = mass of solute 1 06

mass of solution

108 x el AkS = ppm

Jsladl 4kS
pell (o ol Wpgun SS1 (5l die pantll adiins

mass of solute (mg)
ppm = :
Volume of solution (L)
(é.h [RENY ;_1\.34.“ ans
SAsaag Jgladl aaa

= ppm

o1
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c.‘:u Lglha'.'\u‘_, cAuagdiall _}:\g‘)ﬂ\ O )_.),\:31]3.\;_,]‘ PRYS ?hluﬁ_,

(Part Per billion (ppb)) (sl (e ¢ 3 %

ppb = mass of solu'te <10°
mass of solution
Al AkS
10 = ppb
Jslaall AK€

=S5 o AN IS (ppm) plasiud (g JH 5aa gl 02a aladidd 5 Sy
88 lgle
Example:
What is the molarity of K" in a solution that contains 63.3
ppm of K3Fe(CN)¢ (329.3 g/mol)?
$(Mw=329.3 g/mol) K3Fe(CN),

Solution:
i @l 5 8le K3Fe(CN)g &Y 50 00 KT 2V e 4 e polaia
(M 3 ppm) (e KsFe(CN)g S 5 52a 5 Jy 525

63.3mg of K3Fe(CN)6

A 4

63.3 ppm
PP 1L of solution

oV
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= Mysrecns = 63.3 mg = 0.0633 g (10° e Al
V=1L

= Ny oraony, Mw

= 29023 _1.922%10™4 mol

> M =

KFe(CN),

—_ <|=

_1922x107%

: =1.922x10"4 M

K' e clisd &30 o 550 KsFe(CN)g o 15 3a JS o 2aadls

IMK,Fe(CN), —>3MK"
1.922x10*M — XMK™

=My, =577x10* M

oA
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The (P) Functions P o 8

]

ALY as Jalail Jygdl (P-function) aasius
(X107 o LIS Jead (4) pedy Slaiiad e

1) PH=-log [H']

2) POH=-log [OH]

Example:

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 HCL.

o2 da 3 5 NaCl e 055 Jalae 8Os J< (P) e o
¢(5.4 x 10™ M) »_jsie 3S 55 HCI 4 (2.00 x 10° M)

Solution:

:c¥ (complete dissociating) IS JSa @ISy (S 5all e SIS
NaCl =salt #la
HCl =strong acid s 8 (aes

oq



it il gl < Wl Yl ks

dontdlal pilileal) s SSE
NaCl — s Nat +CI
) (aq) (aq)

2x1003M 2x10°3 M
HCl— HY  + Cl7yg
(ag)
54x1004M  54x10°4M

(Na", CI', H') clog¥ 580 5 ala aokios Wil lisku Gaa e LS
.(NaCl, HCI) assial o gl 381 55 (e 5 yiles

(CT) &5 Cpyras 3335 Liaf Jaadls

=>Co=(2x107) + (54x10% = 2.54x10° M
= PCl = -log (2.54x 107) = 2.6

Pno = -log Cna” = -log (2x 107%)=2.7
PH=-log Cy" =-log (5.4 x 10*)=3.27

:dals Aliada
(@l paa S5aa e Ailes JSPry ila (Ul (5350 Uasll
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X =anti log - PX

Example:
Calculate the molar concentration of Ag+ in a solution that
has pAg of 6.372.

f(pAg =6.372) by Jslae 4 Ag” 5 5Y sl S A ol

Solution:

[Ag'] = anti log — P,
= anti log — 6.372
=4.25x 107

Jallaall & il ddladl g 4o 5il) ABLSH
Density and specific gravity of solutions

(density) 43Us .\

?QABA;J JSJSALJ\ a< I8 = _)._.\a:lj
express the mass of a substance per unit volume

4=
v

ey Kg/L, g/ml A0l claa ol Wi yaay g

(Specific gravity) 4e o) 4uilald .Y
?;;JQQJL;JLHAl elall ABST olall ABS oy Al P

The ratio of the mass of a substance to the mass of an equal
volume of water.

W
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-(unit less) <as g Led aa 53 Y
ke b Allaall Qi Gl (pallacadl Jalas Cogu 52l 028 o
Jadl

Example:

Calculate the molar concentration of HNO; (63.0 g/mol) in a
solution that has a specific gravity of 1.42 and is 70.5%

HNO; (w/w).

¢(70.5% HNO; (W/w)) 5 1.42 i 5 dgila ellia

Solution:
d=1.42g/ml (<Y dlalea Jala3)
Mw = 63.0 g/mol mass% = 70.5 (w/w)
M= dx % x 10

Mw
M= 1.42 x 70.5 x 10=15.9M

63

Example:

Describe the preparation of 100 mL of 6.0 M HCI from a
concentrated solution that has a specific gravity of 1.18 and
is 37% (w/w) HCI (36.5 g/mol).

Jslaa (e (6.0 M) 3 55 (100 ml) pass HCl Jglas ypasd e
?(37% HCI (W/w)) 5 (1.18) i 5 Anils elliay S 50

1y
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Solution:
V2= 100 ml V|=?? /

M;=6.0M M, =77
% HCI=37% (w/w) Mwyc = 36.45 g/mol

A O s Sl Slidana A (e (M) dai alag) audaios

_dx % x10_1.18 x 37 x10

M =11.98 M
Mw 36.45
:>M1V1 =M2V2 (sl o 68)
11.98 x V1 =6 x 100
= V1 =50 mi

tS_pall A Aaal
Determining the formula of a compound

Chemical Formula
|

' '

dad) digeall Al ) dial
Emperical Formula Molecular Formula
ARV PO BN g 3ms 35 S Al 0
S el 45 Sl il 3l 1 g 35 Sl il A g g Lglaas
a3 daed fa canall Jagaaall adlael 5 oS yall
Jea Jhia
CH,O CsH 1204

1y
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Molecular Formula = L x Emperical Formula

ol Byyb e L clua agkaig
/\

el Aagall 454 AKS) e
o 30l Al 4 4ol ABQ) J
Al dpall 4l 54l ~

M, of Molecular Formula

B M of Emperical Formula

A8 b e and g8 2n 0 V" Led 0SS dal A Al 0685 o sy @
S all 45 oSl Al Sae

Example:

Which of the following is not an empirical formula?
a) CH b) CH,O c) AlCl; d) H;0,
e) N,Os

¢
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Solution:

On & jida auli 32 5 ¥ "Empirical Formula " 4ladl dapall Jla &
< AN S

Molecular Formula = H,0,

But the empirical Formula = HO.

Ay el g A8 Laal) doatl ALY e sl 38 Jie Ja diy sk @

Pl
3.)33_)_;]‘ dauall <« L <« ) eall
(Molecular Formula) (Empirical Formula)

Example:

Determine the empirical and molecular formulas for a
compound that gives the following analysis "in mass
percent".
71.65% Cl 24.27% C 4.07%H
The molar mass is known to be 98.96 g/mol.

Ay siall o P Jilail 138 Jaay S el Al y Aol Bineall s
" yealiall

71.65% Cl 24.27% C 4.07% H
g/mol 98.96 (5 s S jall Al gl ABLY L, Lle

hY-
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Solution:
L ghall ol s @l g (S jall 138 (5e 100 g L) 2 gy A (ja jiis
ALS e 3 ke ualiall
=>m,=7165g m.=2427g
m, =4.07g
S pall 4508l jualiall Y 4o d2e 22 6 (N

m _ 71.65

Ny, =——=——=2.021 mol
M, 3545
n. = 2427 _ 2.021 mol
12

n, = % = 4.04 mol

2.021 2.021 4.07 ‘

2.021  2.021 2.021
= C] C H, =Empirical Formula

L Al Qs o i ("

_ M, of Molecular Formula
M, of Empirical Formula

"
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_ 98.96 _
1x35.45+1x12+2x1

1A jall Aaaall Olusy p i (i

Molecular Formula = L x Empirical Formula
=2 x (Cl]C]Hz)
= CL,C,H,

Example:

A chlorine oxide is 59.7% by mass Cl. What is the empirical
formula of the oxide?
a) Cl,0s  b)Cl,0 ¢) CIO, d) C,O,| ¢)ClL0,

Solution:

S pall 138 (e 100g Ll 2a g 4l (s i
—> mass of C1=59.7 g
—=mass of O =100 -59.7 =40.39

m  59.7

Mw  35.45
ng =1 _303 518
Mw 16
Cligss Oasi8
1.684 1.684

1y
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Cli  Oys

= L i SN JC 13y Empirical formula 1 oS o) Jeaa ¥

J‘,us.“ e ualaln Y
Leila daaaa < A dlael (685 o) sy Empirical Formula J1 8
=2(Cl Oy5)
=Cl, 04
Example

A compound has an empirical formula of C,H;N, and a
molecular weight of 123 amu. What is the molecular
formula of the compound?

a) C4HgN, b) CsHi2Ny c)C,H:;N
d) C3H;N; e) CcHyN;
Solution:
_ Molarmass
Empirical Formulamass
123 123

T 2x12+3x1+14) 41

‘Molecular Formula = 3 x(Empirical Formula)

1A
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= (C;H3N)
= C6 H9 N3

Example
A compound containing only nitrogen and oxygen is
63.64% N by mass the empirical formula of the compound
is

a) N,Os b) N0, c)NO d)NO, e) N,O
Solution:
Mass percent of O + mass percent of N = 100%
X + 63.64% = 100%
* mass percent of O = 100% - 63.64%
=36.36%

S el 138 (ye 100 g L) an g ad i s
Mass of O = 36.36 g.
m _ 36.36

Ny, = = =2.273 mol
Mw 16
Ny, = m__063.64_ 4.546 mol
Mw 1
N O
Y . 4546 2.273
Feelle el s 2.273
N,O

14
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Example:

1 1oy gliida

A 36.20 of element M (At. wt. = 32.0) reacted with an
excess of element X(At. wt. = 19.0) to produce 14.6 g of
compound containing M and X only. The empirical formula

of the compound is:

AMX; | b)MXs| c)MX, d) MX,

Solution:

Mass of a compound = mass of M + mass of x

14.6 =3.2 + mass of x
*) mass of x =14.6 - 3.2
=11.4
n, =i=3—'2—=0.1mol
Mm 3
_m 14 _
* Mm 19
M,, Xos
0.1 0.1
= MiX¢

e) MX5
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Example:

A sample of a nitrogen oxide gas has a mass of 6.2g. If the
compound contains 1.4 g nitrogen, its empirical formula is:

)N, 0 | b)NOs| ©N;,0;  d)NO, ) N,O;

Solution
Mass of the compound = mass of N + mass of O

6.2=1.4+ mass of O
= massof0=62-14=48¢

4
ny = ITZ=O'1m01

n =ﬁ=0.3mol
16

[s]

NO,I 00.3

o1 01

N]Og

Example:

When 0.860 g of an organic compound containing C, H and
O was burned completely in oxygen, 1.64 g of CO, and 1.01
g of HyO were produced. If the molecular mass of the
compound is 138 amu., determine the molecular formula (C:
12 amu, H: 1.00 aum, O:16amu)

\A
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a) CgH,,0, b) C,H:O ¢) C4H;,0;
d) C3H1303 e) C2H302
Solution

m 1.64

=0.0373 mol

n = =
2 TMw  (12+16x2)
Moles of C = moles of CO,
=0.0373 mol

n,o=— =194 056mol

29 Mw 18
Moles of H =2 x moles of H,O
=2 x 0.056
=0.112 mol
m_=nxMw
=0.0373 x 12 =0.448g
my=nxMw=0.112x1=0.112¢g
mass of the compound = m, + my + m,

0.86=0.448 +0.112 + m,

m,=03g
n, = _93_ 4 0188mol
Mw 16

VY
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C H O
00373 0112 00188
00188 00188 00188

G, Hg O = Empirical formula

Mw of molecular _ 138 —3
Mw of Emperical (2x12+6x1+1x16)

Molecular formula = (C,HgO)s.

= C¢H 1303
Chemical Equations Ailassl) ENalaall
Reactants - Products
(<Dleti) (@ 50)

Vo oY saladl of Cumy ABSY Jaia fage o o8 A80a sl Allaall o
AT () S8 e JaT s pae e BIA3 Y 5 Giaaid

«(8) e ¢(s) wha ¢ (/) Sl alall Vs ALl Asladll (05 @
Aaslll g Aelisall o gall Y sall dachy"(aq) e Jslaasy

Example:

CH,, +20, —CO, +2H,0

\Al
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Balancing Chemical Equations Aniliall) cN o)l 43 e

Ayl A LSl Alileall Apdial 4530 sall &3k Al g Y1 @
haes 2SY) il ol 23 ge o lll Ayl Juiadl 5 Ul y a1 slaal
Al
S 5—ng s ae e Y (OeSY) g Jelidll) B faY) Jelis o
TS LR | PR PRUTTE N IF BUES Rt PRSPIBN.
.H,0 + CO,
Example:

Balance this equation

C,H,OH )+ OZ(g) - COZ(g) +H,0,
Solution:
Oz S <l o) s ()
C,H,OH,+ O,() = 2C0,) + H,0y,
(2C) 2C)
) S5 o3 (Y
C,H;OH() + 0,4, > 2C0O,,) +3H,0,

(6 H) (6 H)

V¢
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O V) 53 o (Y
CZHSOH(I) + BOz(g) - 2CO2(g) + 3H20(g)
(7 0) (70)

Example:

What is the coefficient of O, when the following equation is
properly balanced with the smallest set of whole numbers?

C,H,0H+0, - CO, +H,0

a) 1 b) 12 )9 d) 15 €) 6

Solution:
J sl g 2l 453 ga Zand
C,H,OH+60, - 4CO, +5H,0

Example:

What is the coefficient of oxygen when the following
equation is balanced?
C6H3,0 + 02 —)C02+ H,O

a) 21 b) 9 c) 24 d) 15 e) 18

Solution:
" sy 2kl cunl dale 453 4
C|6H34O + 2402 - 16C02 + 17H20

Yo
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Example:
Balance the equation for this reaction?
(NH4 )2 Crzo7(s) - Crzoa(s) + Nz(g) + Hzo(g)
Calolaall 08 :\.l_)l ga2 ‘a§
Solution:
+(SOIS Sl sall 65 Wl Walad LS dpaulial) 45 ) galls o g
(NH, ),Cr,0, = Cr,O, + N,,, +4H,0)
Aadlll) ¢ Uelital N gall AuaS :diliah clilual)
Stoichiometric Calculations: Amounts of Reactants
and Products

Lasl alalaall Waass o0ae Sl Aaslill j e ldiadl o gall Jass 5 @
A3y ) sal
opiliie IS 8068 g pungall B e o ) ALY e
g Y ge 2e o J0 Slaglaa o <Y g0 220 Jsaadl a5 13 ()
A yY sl (AES) (o ile gled’ Jash Al Aelinal o gl e

SIS Jall S
mass - mole — mole - mass
of A of A of B of B

v ,__;i Jab Adolaal) 453 ge caa sadaadla

A
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Example:

Calculate the mass (g) of CO, (molar mass = 44.0 g/mol)
produced when 14.4 g of CsH,, (molar mass = 72.0g/mol)
are burned in excess O, to give CO, and H,O according to:

C5H12+ 02 - COz + Hzo

a)11.0 b) 22.0 c) 44.0 d) 55.0 e) 66.0

Solution:

alad) S o 5a )

C5H12 + 02 — COz + H20

alolaall 038 :Ll‘)\}u \a_,ii Y

C5H12+ 802 - 5C02 + 6H20

m 14.4

n(csle) =M—\N' = =0.2 mOI

1 mol CsHy, — 5 mol CO,

0.2 mol Cs Hy, — X mol CO,

= moles of CO, =5 x 0.2 =1.0 mol
= mass of CO, =n x Mw

= 1.0 x 44 = 44g

vy
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Example:
Calculate the mass of CO, produced from the complete
combustion of 2.50 g C,H; with excess oxygen

a)2.62¢g b)13.2¢g c)7.33g| d)440g e)103g

Solution:
L ss @ ddalaal) BS54
2C2H6 + 702 d 4C02 + 6H20

C,H, O or) ¢ sas"cuauSY) ae Lele il &g 3ala gl (3 jiat Ll

ae i (C, H
HzO and C02
0 _m 2.5
G Mw (2x12 + 6x1)
= 2—5 =0.0833 mol
30

2 mol C,H, — 4 mol CO,
0.0833 mol C,Hg — x mol CO,
moles of CO, =0.166 mol
— m=nxMw=0.166 x (12 x]1 + 16 x 2)
=(.166 x 44
=733¢g

YA
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Example:

What mass of BaCl, (Mr 208.3) is required to react with
10.0 g of FexSO4); (Mr 400) according to the equation
(balance the equation first)

Fez(SO4)3 + BaC12—>BaSO4 + FCC13

a)312g |b)15.6g| c)62.5  d)469  €)50.6

Solution
Fez(SO4)3 + 3BaC12—) 3B3SO4 + 2FCC13

10
N, (504); = 200" 0.025mol

N gy, =3%0.025

=(0.075 mol

Mp,q, =nxMw

=0.075 x 208.3=15.62 g

Example:

2.10g of element X reacted completely with 4.8 g of oxygen
to form the compound XO,. If the atomic mass of oxygen is
16.0, calculate the atomic mass of element X.

a)28  b)12 c) 14 d) 16 e) 32

via
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Solution
n, =T =ﬁ =0.3mol
Mw 16

XO; S,dd Bapa Pla e
2 molofO—->1 molofX
0.3 mol of O = ?? mol of X

Moles of X =0.15 mol

w=%=% =14g/mol
Y e e o U5 Glashea 5 e a0 Jgadly a4 13 (Y
Limiting * sa—aall Jalall aaa5 caay e liial o gl oy o
N ge 2 e alieYU Gls 355 WS Jall JL) & Reactant
"'Limiting Reactant” aaaall Jaeladl 132

"'Limiting Reactant’ ddaall (Jalall

2 5 S 20a3 43S A Do linall aal s

Example:

Calculate the mass of NHj,) produced when 5.60 g N, are
reacted with 1.50 g H, according to the equation:

N, + 3H2—)2NH3
a)7.10  {b)6.80 ¢)850  d)5.40  €)9.80
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Solution:
A Al 3 gall e 0l AES Ll ) LSl % el Ay 5 9a Alalaal
saall Jeladl (Limiting Reactant) —) anad caay
m 5.6

ny, =——= =0.2mol
> Mw 2x14

n, = =1 _675m0l
2 Mw  2x1

sle @Y sall 2xe dady o 56 (Limiting Reactant) saaaell Jalall 33531
saaall Jalall 5o (sSs il Ay sall Allaall b 53 gn pal) Dlalaal

N, = 0—12— =0.2 (limiting Reactant)

iy 3 al m@lNz Jelae

H, = 212 _0.25

3e—

29 0 2 a3 2aaall Jalal) (a5l o5

1 mol N, - 2 mol NH;
0.2 mol N2 — X mol NH3

AN
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moles of NH3 =2 x 0.2 = 0.4 mol
mass of NH; =n x Mw

=0.4 x (14 +3 x1)

el 5520 s o (550 Jpoad e :Mw
=6.8

Example:
Consider the balanced chemical equation:

2A1(S) + 3Br2(,) — 2AlBr3(s)

Calculate the mass of AlBr; (molar mass = 293.7 g/mol)
produced from the reaction of 1.620 g Al (At. Wt = 27.0)
and 6.392 g Br, (Mm. = 159.8 g/mol).

a) 9.398 b) 14.64 c)8.615g |d)7.832¢g
e)10.18 g

Solution:

2Al, + 3Br,, - 2AlBr,
m=1.62g m = 6.392g m=??

Mw =27g/mol Mw =159.8g/mol Mw =293.7g/mol

Jalal) 4 yea (g 20 Aleliial) 3 gal o 0l ABS Lyl aa gy 4df Ly
(Limiting Reactant” sl

AY
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n, =£=%=0.06mol

m 6392
nBrz = =
Mw 159.8

= 0.04 mol
"sanall Jalall ayai) Juid ¢ jall 1387 *

Y gall 23e dandy o 665 "Limiting Reactant” aaaall Jaladl aaanly

Lg)jsall Asladdl i 29 gall Jalaal e

Al=> ¥= 0.03

Br, > % =0.0133 ( JaaY)
AaaS Clual 4sadius g "Limiting Reactant’ sasall Jalall 138 Br,
o) il
3  mol Br, — 2 mol AlBr;
0.04 mol Br, — x mol AlBr;

2x0.04 _ 0267 mol

moles of AlBr; =

M5, = 0xMw
=0.0267x293.7 = 7.833¢g

AY
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Example:
When 20.0g C,Hg and 120.g O, react to form CO, and H,O,
how many grams of CO, will be formed?

a) 18 b) 36 c) 54 d) 59 e) 88

Solution:
m 20
Ne yo = =
2 Mw (2x12+6x1)

=0.667 mol.

=12—0=3.75m01
32

CH

2C2H6 + 702 - 4C02 +6 H20

(Limiting Reactant) sasall Jalall 3025 i

C,H, > 362—61 =0.334 (s

0, = # =0.536

Jaaall Jeladl o8 CoHg

2 mol of C;Hg — 4 mol of CO,
0.667 mol of C;H¢ — X mol of CO..
Moles of CO, = 1.334 mol
Mo, = nxMw
=1.334 x (12+2x 16)
=58.696 g
~50¢g

At
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Example:
What is the maximum mass of SO,(Mr 64.0) that can be
produced from a mixture of 100 g FeS,(Mr119.8) and 100 g
O, (Mr 32.0) gas?

4 F382 +11 02—) 2 Fe203 +8 SOZ

a)854g Db)ll7g «¢c)9%.1g d)130¢g e)107 g

Solution:

n = =190 5 835mol
> Mw 119.8

ng = 1003195 mol
> T Mw 32

(Limiting Reactant) asaall Jalall 3025 cany

FeS, = # =0.209 (i)

0,=> ———3'11125 =0.284

saall Jalall s FeS,
4 mol FeS; — 8 mol SO,
0.835 mol FeS, — x mol SO,

Moles of SO, = 1.67 mol
= Mgy, =nxMw

= 1.67 x 64 = 106.88¢

Ao
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(Percent vield) iall 3ga yall

o Y1 el (e Uy gy ) Jelitl (e iiad 20l dai g
Mligles Lialed LS liluall Dl (e 238y (530

{d\,..dbo_)u\_u‘;.bu}\
Gma.\\c_’;l.ﬂ\
%y x = (s siall 353 5l

[ cbluall DA e }/v

actual yield
Theoritical yield

Percent yield = x 100%

Example:
A sample of 1.20 g of carbon was allowed to react with 1.60
g of oxygen. If 1.65 g of CO, were produced, the percentage

yield of CO; is:

a) 54.4% b) 32.6% c)41.4% d) 75.0%
e) 67.1%
Solution:
n = L. E =0.1 mol
¢ Mm 12
n, = -16_g0s
 Mm 32

A1
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"Limiting Reactant” sasall Jalal apaan coay (*

C:>¥=0.1

0, = g =0.05 (Liad)

=> moles of CO, = moles of O, =0.05
mq =nxMm
=0.05x(12+2x16)=2.2

= 78yl =3l Theoretical yield

Jguall (543 sl lany
'

actual yield
Theoretical yield

x100%

Percent yield =

Sllasdl DA e

= Ex 100% = 75%
22

AY
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Example:
Consider the following decomposition reaction:
C(,leo(, -2 C2H5OH +2 C02

Upon decomposition of 0.12 mole sample of C¢H;,0¢, the
mass of C,H;OH (M.m = 46 g/mol) obtained was 9.4 g. The
percent yield of C,HsOH was:

a)25%  b)S0%  ¢)55%  d)75%  |e) 85%

Solution
CeH;,06—2C,H50H + 2CO;
1 mol of CcdH;;0s — 2 mol of C,H;OH
0.12 mol of CgH120¢ — x mol of C,Hs;OH
Moles of C,H;OH = 2x0.12
= (.24 mol

Mass of C;Hs;OH = n x Mw

=0.24 x(2x 12+ 6 x 1 +16)

=11.04 g “theoretical yield”

actualyield <100%

Percent yield = _ -
Theoretical yeild

= 04 x100%
11.04

= 85.14%

AA
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Example:
a) what mass of AgNO; (169.9 g/mol) is needed to covert
2.33 g of Na,COs (106.0 g/mol) to Ag,CO5?

b) What mass of Ag,COj; (275.7 g/mol) will be formed?

00 (2.33g) Jisaal 4 B (Mw=169.9 g/mol) AgNO; iS a L
Ag,CO; kS alay $AZ,CO; J (Mw=106.0 g/mol) Na,COs
faasll (275.7 g/mol)

NazCO3 (aq) + 2AgNO3 (aq) — Ag2C03 (s) + 2NaNO3 (aq)
Solution:
n =Ln—=z'3—3=0.022mol

Na 2CO3 Mw 106

Ll caay Ay ge 0S5 o 17 Sl 255 9l Ablaall e sliie YL
LBy
1 mol of Na,CO, ——> 2mol of AgNO,
0.022 mol of Na,CO, —*— X mol of AgNO,
a)

=n =2x0.022=0.044 mol
=nx Mw

=0.044x169.9=7.48¢g

AgNO,

=m

AgNO,

A4
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b)
1 mol of Na,CO, —— 2molof Ag,CO,

0.022 mol of Na,CO, —— X mol of Ag,CO,

=2x0.022
=>m,, o, =nxMw
=0.044x275.7=6.06¢

=n

Ag,CO,

e 2) N Alaay dlleial) AuiliasSl Slbuall
Stoichiometry of Precipitation Reactions

A€ LR ae s 355 LS g c¥aladll (e p sl 13 Jall 6y 5
Y sall 222 (e salial g DY gall 2ac aladd

n
M=-— = n=Mxv
\Y

Example:
Calculate the mass of solid NaCl that must be added to 1.5 L

of 0.10 M AgNO; solution to precipitate all the Ag” ions in
the form of AgCl?
NaCl,, + AgNO, ., > AgCl, + NaNO,,,

fAgCl J& Jte Ag' wbigl JolS a1 0.10M 5855 1.5L1
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Example:
Jyall e aaly eV y w2 e g5 Cileglee Ll a5y adf Jaad

NaCl,,, + AgNO,,,, - AgCl,, + NaNO,_,

3(aq)

m=?? M=0.10M
V=15L

n =MxV

AgNO,

=0.10x 1.5=10.15 mol

1 mol of AgNO; —> 1mol ofNaCl
0.15 mol of AgNO; —> Xmol ofNaCl
= n,,, =0.15 mol

= M, =nxMw
= + .
0.15 x (23 + 35 45)\\ Jsall e

=8.77¢g sl

Example:

Calculate the mass of PbSO, formed when 1.25 L of 0.050
M Pb(NO;s); and 2.0 L of 0.025 M Na,SO, are mixed?
Pb(NO, ),,, + Na,SO, ., > PbSO,, + 2NaNO,

™Na;S04 32 0.025M 384201 4eaa Jslaa pa M

1)



el adiele X Uplayiplida

Solution:

o Ol Y ge 20 e J0 Glesles aa g ad Gl Jaall e a0
Limiting ) sa—aall Jalel 2 0a3 Cany A cdlelinadl o gall Y 4o

-(reactant
Pb(NO, ), ., + Na,SO,,,, > PbSO, +2NaNO,
M=0.050M M=0.025M
V=125L V=20L
Nayroy), = MX V =0.05%1.25=0.0625 mol
99625 _ 4.0625
4355l Alalaal 0 PHINO3), Jelaa [ |
Ny, s, = M x V = 0.025x 2.0 = 0.005 mol S
» (L.R)
995 _o.05
i35 sall dblaall (e N2SOy dalaa >
Y mol of Na,SO;—> 1mol of PbSO,

0.05mol of NaSO;—> X mol of PbSO,
=>n =0.05 mol

PbSO,

= My, =N xMw=0.05x 3‘93.3 =15.2¢g
S5V Jsall (a

qy
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Example:
Consider the following neutralization reaction:
Al(OH)s() + 3 HCl o) = 3H,0() + AlCly

How many grams of AI(OH); (Mm = 78 g/mol) will
neutralize 3.8 x10” mole HCI?

a) 1.0 b)091  ¢)0.78  d)052  €)0.26

Solution

Al(OH)3y+ 3HClyy— 3H;0q + AlClygg
3 mol of HCl —> 1 mol of AI(OH);.
3.8 x 102 mol of HCI — X mol of Al(OH);.

2
Moles of Al (OH), =¥— =1.267x1072 mol

M 05, =N XMw =1.267x107 x 78

=(.982
~ 1.0

Example:
When 60.0 mL of 1.0 M AgNO3 are mixed with 25.0 mL of
0.80 M NaCl, the mass of AgCl (M 143.5) formed is:

a)427g 1)633  c)58lg |d)2.87g| €)7.50g

qy
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Solution:
AgNO, +NaCl, - AgCl,, +NaNO,

v=60ml v=25ml m =7??
v=006L v=0.025L Mm =143.5 g/mol
M=1.0M M=08M
N0, = MxV=1.0x0.06=0.06 mol
N ey = Mx v =0.8x0.025 = 0.02 mol

283 e 1 O Ale liiall o gall e i Y e 20 Ll aa gy 4 Loy

:(Limiting Reactant) sxsall Jolal
0.06

NaCl = 0—?—2 =0.02 (LasYY)

Aailll o gall A€ it ki ADIA (g 2234l Jaladl 2 NaCl <

Moles of NaCl = moles of AgCl
=0.02
Mass of AgCl =n x Mm
=0.02 x 143.5
=2.87g

q¢
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Example:

Calculate the mass of AgCl (molar mass = 143.7 g/mol)
obtained when 276 ml of 0.15 M AgNO; solution is treated
with excess HCl

a)4.12g b)635g [)595g | d)9.92g e)7.83g

Solution:

AgNO; + HCl - AgCl + HNO,

(aq)  (aq) (s) (aq)
V=276 ml=0.276 L

N AgNO,) =MxV
=0.15 x 0.276 = 0.0414 mol
moles of AgNO; = moles of AgCl (45 sall ddalaall 1)
= 0.0414 mol

mass of AgCl =n xMw
=0.0414 x 1437 =595 ¢

Example:

What mass of Ag,CO; (275.7 g/mol) is formed when 25.0
mL of 0.200 M AgNO; are mixed with 50.0 mL of 0.0800
M N32CO3?

40
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25.0 Lli v 4,Sal (Mw=275.7 g/mol) Ag,CO; ik a L
(= 0.0800 M S 51 50.0 ml ;e AgNO3 30 0.200 M S o ml
1:\:\]13]‘ alaladl Gl N32CO3

NaCO +2AgNO — AgZCO + 2NaNO

3(aq) 3(aq) 3(s) 3(aq)
Solution:
M:
NaCO3 (aq) +2AgNO3 (aq) —>Ag2CO3 s) + 2NaNO3 (aq)
0.08 M M=0.2M m=??
V=50 ml V=25 ml Mw=275.7 g/mol
=0.05L =0.025L

I all e ) Y ge 22e e J5 Cilaglen Jgadl 25 38 4 Ley
J—é (limiting reactant) saaall Jslall paa5 Wle and Ao il

Jalls g 5l
Na:cos = MV TS
-3 =4x10""
= 0.08x0.05=4x10"> mol 1
n = MxV
AgNO; 5
8 210 55107
= 0.2x0.025=5x10"> mol 2

2 mol of AgNO:s —— 1 mol of Ag:COs
5x 102 mol of AgNO: ——> X mol of Ag.COs

-3
X107 5 51073 mol

= nAg“COJ =
= Mag,co, =N X Mw
=25x1073 x275.7=0.69g

a1
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Calculate the mass of SnCl; contained in 3.50 L of 21.7
ppm SnCl; solution:

3.01x107° g
7.07x 107 g
7.60x 1072 g
9.87x 102 g
0.106 g

a0 o

The correct answer is (c)

Solution:
mass of SnCl2 (mg)

B Volume of solution (L)

ppm

21.7=2
3.5

=m=75.95mg=0.07595¢
=7.6x107 g

Calculate pCl for a solution that is 0.040 M in HCI and

0.020 M on NaCl

a. 1.22 b.2.45 c.3.78
d. 4.09 e. 1.0

The correct answer is (a)

v
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Solution:

HCl— H* +CI’
0.04M 0.04M 0.04M

NaCl—— Na" +CI’
0.02M  0.02M 0.02M

= [Cl 1o = 0.04 + 0.02 = 0.06

—=PCl = - log [CI']
= - log 0.06 = 1.22

ety [CIT] 3 0y jrme 22 g

Seawater contains an average of 1.08 x 10° ppm of Na®.
Calculate |Na'] in seawater (atomic mass of Na=23.0

amu).
a. 3.50x10° M
b. 6.20x10° M
9.00 x 10° M
2.60x 10° M
4.70x 10° M

® Ao

A
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Solution:

1.08x10’ mg Na~
" 1L solution
=>m_, =1.08x 10°mg=1.08¢

1.08x10* ppm —<=

V=1L
—n =0 1980469 mol
W Mw 23
=Na')=2 = 2949 _ 0 0469
VA
~4.7x10? M
5

A saturated aqueous solution of sodium chromate is
40.6% (w/w) Na,CrQ, (molar mass=162.0 g/mol) and has
a specific gravity of 1.430.

Calculate the analytical molar concentration of Na,CrO,
in the solution.

a. 1.O5SM b.2.32M
c.3.58 M d.478M
e.5.88 M

The correct answer is (¢)

44
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Solution:

~ Y% xdx10

T Mw
40.6x1.43x10
- 162

M

=3.58M

P bl o sl aladdil ek

A method of analysis yields weights for gold that are low
by 0.3 mg. this method is to be used for the analysis of
ores that contain about 1.2% gold. What minimum
sample weights should be taken if the relative error
resulting from 0.3 mg loss is not exceed — 0.8%?

a.3mg
b.3g
c.bg
d. 8 mg
e.10g

The correct answer is (a)

Solution:
-08_-03
100 m,,

=37.5mg

= mgold

100 mg of ore —— 1.2 mg of gold
X mg of ore —— 37.5mg of gold

=m__=3125g=3.125g=~3g
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Calculate the ppm of Fe(3.1CN)s? (211.9 g/mol) in a
solution formed by dissolving 6.52 mg of K;Fe(CN)
(329g/mol) in a 1.50 L water?

a. 5.89 ppm

b. 150.1 ppm

c. 1.85 ppm

d. 1.32 ppm

e. 2.80 ppm

The correct answer is (e)

Solution:
Mw(Fe(CN),”)
mFe(CN) 2 = : X mK,Fe(CN)6
¢ Mw(K,Fe(CN),)
_ 2119

5 x6.52=4.199mg

= ppm= 411—?9 =2.799=2.8 ppm

Two analysts presented the following data for Fe content
in a certified sample containing 3.5% Fe
Analyst (I) Fe(%) | Analyst (II) Fe(%)

34 2.6
3.8 3.5
3.1 3.9
2.9 3.1

3.9 3.0
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Answer there questions:

Calculate the standard deviation for the results
presented by analyst (I)

a. 0.38 b. 0.09 c.0.16 d. 0.433 e. 0.25

The correct answer is (d)

Calculate the relative precision for the data presented by
analyst (II)

a.12.7%  b.8.9% c.11.1%  d.4.33%

e.15.43%

The correct answer is (e)

calculate the relative error for the data presented by
analyst (I)

a.+2.9% b.-29%  ¢c.0.1% d.-2.28% e.
+2.28%

The correct answer is (d)

Calculate the molar concentration NO; in a solution that
is 7.64 (%)(w/w) Fe(NO;); (241.8 g/mol) and has a
density of 1.059 g/ml

a. 0.094 M b.0.44 M c.1.00M
d.0.031M e. 0.335M

The correct answer is (c)

A
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Calculate the p-value for CI in a solution that is 0.235 M
in NaCl and 0.0345 M in BaCl,:

a. 2.06 b. 0.042 c. 0.069
d. 0.093 e. 1.03

The correct answer is (e)

21

Calculate the equilibrium molar concentration of K” in a
solution that was prepared by dissolving 615 mg of
K3Fe(CN)s (320 g.mol™) in 750 ml water.

a.3.5x10" b.1.52x 10
c.2.59x10° d. 1.87x10°
e. 7.48x 107

The correct answer is (e)

22

A student wishes to prepare 750 ml that is 5.40 M in
H,PO, (98 g.mol") from the concentrated solution that is
85% w/w and has a density of 1.60 g/ml. calculate the
volume of concentrated H;PO, required.

a. 85.4 ml b. 101.3 ml c. 3.93 ml
d. 283.2 ml e. 13.86 ml

The correct answer is (d)

Y.o¥
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The confidence interval is:

an interval around the actual value bounded by +o

an interval around the value bounded by +2¢

the same as the confidence level

an interval around the experimental mean within

which the true mean exists with a certain probability

e. an interval around the experimental mean within
which the true mean exists with 100% probability.

e o

The correct answer is (d)
daaniall 48l @Lj&g&&)&ﬁu‘;‘w‘h)}\ d_,;i_):égh .d

Calculate the number of mmoles of KMnQ, dissolved in
50.0 mL of 24.1 ppm KMnO; solution (molar mass of
KMnQ, =158.0 g/mol)

a. 7.63 x 10” mmol

b. 13.91 mmol

c. 1.58 x 10” mmol

d. 0.256 mmol

e. 1.32x 10™ mmol

The correct answer is (a)

Calculate PNa for a solution that is 5.1 x 10* M NaCl
and 5.0 x 10* M Na,CO,

a. 5.62 b.4.71
c.3.27 d. 2.82
e.2.30

The correct answer is (d)

Yot
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Exactly 3.4562 g of K,Fe(CN), (367.85 g/mol) is dissolved
in 500.0 ml water, encircle the correct statement:
a. the analytical molar concentration of K4Fe(CN)g is
1.978 x 10° M
b. the4equilibrium molar concentration of K" is 70752 x
10" M
c. the equilibrium molar concentration of Fe(CN)¢™* is
1.978 x 10° M
d. the pK™is 1.234
e. the pFe(CN)s™*is 1.726

The correct answer is (d)

Calculate PNa for a solution that is 5.1 x 10-4 M NaCl
and 5.0 x 10 M Na,CO;

a. 5.62 b. 4.71 c.3.27
d. 2.82 e. 2.30

The correct answer is (d)

What is the species equilibrium molar concentration for
iodic acid [HIOs] in a solution that is labeled as 0.100 M

HIO:.
[HIO;] is 30% ionized in this solution.

a.0.100 M b.0.070 M c.0.030M
d.1.0x10-7M e.1.0x10-13M

The correct answer is (b)

V.0
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Errors in Chemical Analysis
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ceee spaall BN QLSS Baaaie uld (e e Julaill clidee
AU Jlne Lgd 8o Lt G a8 ) (o Cilulall 238 5 2l
ad ol eladY) jolias 4 jma saa gl 038 ;b Ldaa 5 (Uncertainty)

Nginllas s Ll 48 o (bl oLl 238 s

(Some Important Terms) dalgll cilallaall jas

(X ) (mean) leal) b gl

Q‘G‘)_i.“ t_,m ‘;JLHA:\‘, (average) C.\‘;l‘)ﬂ\ d.h.a e.u‘ 4._\1& 6.‘& ﬁ}
Jase e

N
X
X' = =l
N

(the median) luwsl by gl

N JiS b baebas clel il af cui i die Jansl deill
Lsng) el il s I3 W a9, 7,5, 3" Lo el il
Uil (mean) buall hug bW, ... ,10.,8.,6.,4,2

cciaaial) i cyindl )

Y4
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Example:
Calculate the mean and the median for these data (19.8,
19.5, 19.4, 20.3, 20.1, 19.6).

:I\,dtd\ ?:\m (_:'L“‘;“ L_.’\..u_,.‘“, J:u).“ s__\u;\
(19.8, 19.5, 19.4, 20.3, 20.1, 19.6)

Solution:
N_.
2 Xi
a) mean (X- ==l
) (X-) N
_19.8+19.5+19.4+20.3+20.1+19.6
6
=19.78~19.8

b) Laelad Bl el Sl Qi i o gis Wil polasad) Jagus ) lasa]
:gJL‘dlS

19.4 19.5 19.6 19.8 20.1 20.3
—

Chaaiiall b el lual) gl 350 Wl a5 el i 2o o Ly
i p) Ll

median = %1—9—8 =19.7

YYe
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dg—y N g ¢l liie oluall Jaggll g Ja gl Jiad e OS o Bl
Ohsbaia nd T gy Tane gl (o 8 ol el il lim Ly 2
um..._,ubu;\ Ok el Al e LlE 2o dga g 2ie OS] dadll Cua e

(—= (advantage) ddla 5 e (median) lusdl Jas gl elbiayy o
el il (e 333 4 392y e 4y (mean) luall ol
iad jidl f el S 5% dadl o3 wdllf (outlier) 3ass yal
Aad e oy JS3 25 el ada i "inal 30m A LY
Gaal oy Ll i od Je 55 Y LSt (mean) oluall bl

-(median)

The median is used advantageously when a set of data
contains an outlier, a result that differs significantly from
others in the set, an outlier can have a significant effect
on the mean if the set but has no effect on the median.

(Precision) 43y
. gl

The closeness of results that have been obtained in exactly
the same way and the same time.
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e A ganal B3 Cia gl 1450 Clalhuas SO BaY (b Cigu

teds Sl g el 3l
Three terms are widely used to describe the precision of a
set of replicate data.

.(Standard deviation (S)) (s _jued! il 231 ()
(Coefficient of variation (CV)) il Jalas (¥

(Deviation from the mean (di)) sluall Jaw gl e il a3Y) (¥

(Xi) slhnddl dadl o (3,0 Aillaall Al Clusy il a1 Ve (S0
S (X-) laadl Ja gl
di=|X, - X

(Accuracy) 4wl
A piall dall f Aapniall Aadl o luldl el @ i sae A
The closeness of the measurement to the true or accepted
value.

absolute or relative ) il f Gl Unally aie il b

(error

VY Y
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Absolute Error (E)

o (Positive) wiase 058y Liall dadl g Aulial Aagl o @0 5
(negative) L

E=X;-X,

X; = measured value (duliall da3ll)

X, = true value (4:idall 4.l

Low accuracy, high precision

High accuracy, low precision High accuracy, high precision

(Precision) i34l G el I (380 Claw i 238 (DA (40 Jaadl
-(accuracy) ds.all

Relative Error (Er) (, gl Usil)
Agigall el e o guis (absolute error) (slaal Uasll ga
The absolute error divided by the true value.

\RRE
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1 G (Percent) 4 yie duniS die juaill adaio

X. -Xt
Er=—1! x 100%
X

t

(Parts Per thousand (ppt)) <al¥! oe ¢l 32l

X. -Xt
Er=-1 x 1000
Xt
Example:
Xt=20.0 Xi=19.8
1) E=Xi-Xt
=19.8-20.0=-0.2

2)
X. -Xt
Er= 1 XIOO%
Xt
19.8-200

x100% =-1%

OR

_19.8-20.0

Er x1000=-10ppt
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A adl sl b eUasY A ol

Types of Errors in Experimental data

i 9 5adeie glaall o jladl b lall g puill L) (i e Al eUadY!
tled 5 () Opand
aeALLu _,i a0 ¢Un:J (\

(Systematic or determinate error)
2.:;'\_,.::; _,i 2ddaa _):\f— &Lk;i (Y

(Random or indeterminate errors)
.ML' Lé:h.u‘ M )3.1 ) EVE)
Apallaill of Baaaall £ WYl (A

(Systematic or determinate errors)

d))_mac,g_ujimwwjjﬁa&qma.ng&iigh

Systematic errors have a definite value and assignable cause
and are of the same magnitude for replicate measurements
made in the same way.
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(negative) Adlu (585 Cusy (Bias) aaly olad) 4 eUadY) oda (4S5
Aagill 305 Y @ 1Y (Positive) dmse 5 ol Qi ) <l 1)

al daa o sl JS i

Affect the accuracy of results

Sources of systematic ) A_alaidll cLLa¥l o3¢l jilas s2c 324y
i 2 (errors

(Instrumental errors) 4l ¢Uasl (A

(method errors) 4, skl ¢Uasl (B

(Personal errors) ipais <Uasl (C
P danadilly Wt 5oy 2 985 Cigu g

(Instrumental errors) 44l ¢Uaif (A
allaill ¢ UadU juas o0 dediiuall Gl 3 jeal JS
All measuring devices are potential sources of systematic
errors.

5 3l oa e ABY

Cilgal o Jual il Pipet aaldl .Y
0795306216 buret dalaull .Y
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Volumetric flask 4uaaalt 35, 0 ¥
Graduated cylinder z ,all jlad . ¢

Q_agigia.“ ?ﬂ‘&@m&g&;ﬁﬁa'éﬁy‘o&‘;hﬂﬁ.\:u.

Lele 4l eyl Pa
May hold of deliver volumes slightly different from those
indicated by their graduations.

(Electronic instruments) 4L eI i 51 L0

1aa g Al Sl pualiadl (o8 a5 (53550 adl Cla jo (8 il

RITEQUITON o g
Temperature changes cause variation in many electronic
components, which can lead to drifts and error.

el <) Joydai Cun ool L) Cinay 28 430 508D 536} Gy
48Ul

Some instruments are susceptible to noise induces from the
alternating current (ac) power lines.

L¢ie il < ¢ <o (Instrumental errors) A¥) el daall) y 4
Jesaaiang

Errors of these types are detectable and correctable.

VY
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(Method Errors) ik ¢lail (B

Mg s Aeddiiall Aldacll 43y hall e dadl eUhaYl oda

(Slowness of some reactions) el as; Uy

(Incompleteness of some species) <l any JLS) o .Y

(instability of some species) <lujall aes ) jsidl s ¥

non specificity of most ) J—daall o tans dpalia 5af a2 o L€
(reagents

(Possible occurrence of side reactions)  qila <Dlelis Allaal .0

b _ia Ailia) 40 Ak} & A0kl ha e 5 ) el ABRY) (e
u_,_‘ _)—_.I:Il:\.‘ (tltl'aﬂt) _)_-_\\_a.a.“ d)l;.«“ Oe 3.:\4\;;.“ 3)9‘.1.4“ J.Ac e
sl

A common method in volumetric analysis results from the
small excess of reagent required to cause an indicator to
undergo the color changes.

aie Gl Cua e dselbiall olhadll il (e A3kl Uas g o
Aaaaaal g

Method errors are usually the most difficult to identify
and correct.
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(Personal errors) 4xailll ¢Uaid) (C

Many measurements require personal judgment

0dd (pay ¥l (o S b Wiy QU Sal taa by S8
b bnadd LSs ks 8 30 cilula

LS O el adise aaal L)
Estimating the position of a pointer between two
scale divisions.

bpladdl dlee b Al A die Jglaall () s Y
The color of a solution at the end point in a
titration.

dabaud bl Bl 5 giue Gl LY
The level of a liquid with respect to a graduation in
a pipet or buret.

) G oo ladYl e g gl 138 (e Galiil y Qi) apliia
3 e o ST a6l il 3ale) 5 oLl

Y14
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ALl e i) e Al plball) 3
The effect of systematic errors on analytical results

th s Agellaill cUad¥l jlias (e padi 8 Al oldY) e e g 2a
(Constant errors) &l ¢Uaal (3
(Proportional errors) 4,k ¢Uaal (¥

(Constant errors) 43l £Uasl) (3

Lellas o pall diall aan o adias Y elaal &
Independent if the size on the sample being analyzed

Lelilat o jall Aiad aas lialy ¢ UadW1 038 il o 3y
Becomes more serious as the size of the quantity
measured decrease.

A el Ayl o s 5ol Unal 13 80 e Qi aolais lliyg

sagiiall ol ) 43S 8l o sUadY) e p gl 18 o ABGY) sl

(@il dladll Sllee & Jslaally 1l 0
The effect of solubility losses on the results of a
gravimetric analysis.

Y.
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Uasdi 130 520 e gl Je S Ciguay
Example:
Supose that 0.50 mg of precipitate is lost as a result of being
washed with 200 mL of wash liquid. If the precipitate
weights 500 mg, the relative error due to solubility lost is —
(0.50/500) x 100% = - 0.1% Loss of the same quantity from
50 mg precipitate results in a relative error of - 0.1%.

el Jé A 8 Cud ) (e (0.5 mg) Ll aa gy 4 i i)
(500 mg) (s sbur cansd W (55 OIS 138 (200 ml) pass Jsd Jslaay
tod Ol Adae b ad ) (e e e b ol Uadld das o4

——O'ﬂxloo% =-0.1%
500

Uas iy Ciguad (50 M) 43y ol (e 33 ghiall LpaSl) ks S 13

:a‘ﬁa‘.ﬁlui

0.?)0 x100% =-1.0%

AR R
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sl G 8 Aall aas ol ) ae 4 Jaads o
Goba W Jgadl b lasl Gy Ul 400 0 e alllal) (5 550
e Uaadl A W a0t Uasd) 4 culg

(Proportional errors) skl ¢Ussl) (¥

i gl 5 oed aall pas ae byl i UadYl o3

Ngilais,
Proportional errors decrease or increase in proportion to
the size of the sample.

Al B Ll gl ey 3say sa Lede ABRY) ey
Presence of interfercing contaminate in the sample.

Al aan it ae 43 Uil 2 48 L

\YY
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dnaddd eUadll ¢ AN cUadl) o CidsY
Detection of systematic instrumental and personal
errors.

el 3 leay Lpauanal o alad) C._il:ﬂm :L_’IN‘ Al IR Uy

'" ! r « 1
Some systematic instrument errors can be found and
corrected by calibration.

I il g s mVL L Qi aiasd dpuadl) ¢Ualy) adies
.Jlaall

Most personal errors can be minimized by care and self
discipline.

dnadlall 4y k) elasl e calsd
Detetction of systematic method errors

Laih b Sy ol o g A0 Bl Cuaa 4D yhal) cUndl Ll s A8 jual
o1 3691 Ul le gl 7 520 0150
(analysis of standard samples) 4 juee cilie Jdas .Y
(Independent analysis) Jtuell Juladll . ¥

(Blank Dtermination) Y sall yaas ¥

\YY
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rdaled) clalhiaall | ey

(Blank) J s
Sl 3ol hae Lo Jplaal yualic puan s il (s siny Jslas 0

It contains the reagents and solvents used in determination,
but no analyte often.

(matrix) (s siaa

Refres to the collection of all the constituents in the sample.

AR
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The type of errors that can be detected by hanging the
sample size is:

oo o

proportional determination errors.
constant determinate errors.
Indeterminate errors.

Gross errors.

All of the above

The correct answer is (b)

‘Yo
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day) ) Saa
Chapter Four
Lltasl plaagSh A 40 plal sUal)

Random Errors in Chemical
Analysis

VYV
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Abdail) pliash B 4o plad) ¢UaiY)
Random Errors in Chemical Analysis

ki 5 Y 5 Sl paen 4 Bagn g0 B20na e & gie cllaal o
Oe waad) Ld 5S0p clulill (8 a8 axe jaae A Sle JS Ledds
a3y 1o a5 phua LY 5 jdie Ll diniyy el Usena oladl

Alas) (5 k Laallaa y Lgapi

Random or indeterminate errors exist in every measurement,
they can never be totally eliminated and are often the major
source of uncertainty in a determination random errors are
caused by the many uncontrollable variables, it is usually
impossible to measure them because most are so small that
they cannot be detected individually, we use stastical
methods to treat it.

(Random errors sources) i gdal) ladl) jiaa

"small CadSll G 5 s sl Lkl )08 Ll
P PR VRAVE I PR3 Uas e Sl 34ay 2ie (<) and undetectable”
Produce a detectable " ad Sl ALEsel jall A dd pae

."random error

yya
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eltaal iyl aa g Al (yim i o e duail K255 KAl 038 prauia il
el il s3a Jaxi g (Uy, Up, Us, Us) o5 Al ) sluiia 480 gl
il e 8 (FU) S0 iy gl dadll e el dad

(-U) 0S5 ellhy g 4y sllad)

Possible Combinations of four Equal-Sized Uncertaintis

Magnitude
Of Random
Error

Number of Relative
Combinations  Frequency

Combinations of
Uncertainties

+U + U+ U+ Uy
-Up+ U+ U + Uy +4U 1 1/16 = 0.0625
+ U, -U;+ Uz + Uy

+U;+U;-Us+ Uy
+U+U;+U;-U,
-Up-Uy+Us+ U,

+ U+ Uy - Us - Uy +2U 4 4/16 = 0.250
+U;-U;+U;3-U,

U+ Uz -Uy+ Uy

U+ U+ U3 -U,y

+U,-U;-Us;+ Uy -
AT 0 6 6/16=0.375
~-U +U,-Uy-U,

U -Uy+Uz-Uy

-Uj-Uy-Us+ U4 -2U 4 4/16 = 0.250
“Ui-Uz-Us-Us -4U 1 1/16 = 0.0625

Y.
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Glli g3y Sl e 138 e Jgeanl) aoliis Jpall 138 DA ey
wise sl or normal error curve apkll Uadll Jiaid) aul 4fe
(Gaussian curve

)‘B,«i T T

v

3 03t N
51

& 0.2F -
2

30.!- =
&

& 0 ety

-60 -4y ~2U 0 #3400 +6U
Devidtion from meun

LsL.aﬁ\ D A ) ol (Random errors) elaal aae o LS,

0.4y

-

) 3
g 02 - =
o ¥
] £
< U2 " &
2 ' i
= O = ;
el ;

= Q — e ) ' ! ! i

LSRG AU M SdL S8 120 ——— Q —_—
Devizioa from sean Deviation frian sicun

Llasll ,—iais J (Gaussian curve) guslt sisie Ciy i kit
JOldie ay ) 90 Jliay (Sinia d e (normal error curve) peTnny
AUl (e 353me e e dgag i obuadl Jau gl J s bl

A curve that shows the symmetrical distribution of data
around the mean of an infinite set of data.

' Y)Y
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Al gal) pUa3 dubaa) Aataal
Statistical Treatment of random errors

ia ) aoad YL EaY Lgalitin 3 Aflasyl 3ok Bk oo
HAQ‘J‘LC:EQ‘:‘PLPU“-J‘LP‘“QFLJM‘JQLMm‘
e LA e il g el

Slly z ) 5 A slall cUadY) (e palial ki ¥ Gkl 228 oSy
Dol

bl ?11.9_9 ) ) ogan
Population and sample of data

(Data) Lladl (e de gane 3525 o 206 Afbaal dallaal) o) ja) e
Ngae Jalxill

il bl lS LS bl 238 230 3 ) LS

Ngae Jalatiall Gliball (e (oo 95 22 29

(Population of Data) clibull ¢ .
e S Sy ale” Gl e aS e dga e ) 13a Bl

sl e Jpeanll apkio Lild S0 2l 1aa (PA ey 720
Al dglasy)

VY



i) il gl JE"‘—-‘Y‘ cr, da

Population mean (1) gomlaall luall lau il (A
N
2 X
= =l HN > 20n
H N

hiial laal) Ja gl Loaf ae (3llai a8
bl sae = N

Population standard (0) s_mleall (5 Ll aall il a5y (B
deviation

D e aSall wobia s o5 baddl GlaiYl 13 DA Gy
333 sall UL (Precision)

Sample of Data Ll due (C

mn S e g5 e Y il y sl e 3
Slball sd s e Jl8 e Je Jpaally o g0 LuSh el
2 all 138 aa a0 Ailaa¥l julaall Jadslel je aa (20 >)

LUl e il

Y'Y
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Uiled LS i) A (go \ggle Jmmnl aaiinsi 30 dilaa¥) yyled

oty bl ) pean o il
sample mean (X) duall laall lau gl )

Xl - "N < 2011

(Calculator) dwlall AL Gluadl COU e Jgy o 93tal 18 4

number of degrees ) 4 all Gila 3 3 sl ade @i Lo 48 9 =N-1
(of freedom

V¢
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(0) 0 w5 () 5 (1) oo o (X) off il e 35 LSy
aaiil) 038 g g5 AN Cilans

=)
>

C4r [ T r T h
; '
! | ]
i
, 03 5 L, 03k -
2 ¥ ) ) )
s H Z i
2 } el !
E 12 2 v <1 H
-— v f— - i
- 22 -4 S 0.2: =
> M = !
E i A :
5] 4 o i ‘
4 H & i :
0. = : 0.1 - =i
| | |
' ; ;
0 2 ot ’
- -— ()} ———— >+ -4 =2 0 2 2
Deviativn {resm e, £ -4 sz Y-l
a &) c

outy (S, X) Lle adiat Ciges 3Ll (30 6 3ad 130 i Libilua JS 4
(o,1) e

Example:

The following results were obtained in the replicate
determination of the lead content of a blood samole 0.752,
0.756, 0.752, 0.751 and 0.760 ppm Pb.Calculate the mean
and the standard deviation of this set of data.

S Sy pall e b gabia ) 38 5 yandy Ui 2000 il

bl sl (ppm Pb) 0.752, 0.756, 0.752, 0.751 , 0.760
Slilall e de ganall 03¢d ‘éJl,yuﬂ <l iy ‘Fa\...ua.“

Yo
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Sample Xi X7
1 0.752 0.565504
2 0.756 0.571536
3 0.752 0.565504
4 0.751 0.564001
5 0.760 0.577611

dXi=3.771  ¥Xi’=2.844145

Solution:
0, ) Shusy psiinn LWl (20 >) Sl o pioa 2o Lol a2y 4l Ly
(X
2 X = 0.752 + 0.756+0.252+0.751+ 0.760 _ 0.754 ppm
b)
rdad Aglee Jagdd Ul Jgaadl Jae (e 4 (S) Slual
Xi (Xi-X) (Xi - X)*
0.752 2x10° 4x10°
0.756 ____ 2x107. 4x%10°
0.752 2x10° 4x10°
0.751 3x10° 9x10°
0.760 6x10° 3.6 x 107
-
X'=0.754 Y(Xi—-X") =57x10"
i=l

A



) sl S Nl i

N
3 (Xi-X-)?
e S T | L E—
N-1
s
s= 27197 _ 00377 ppm
(5-1)

~ (0.004 ppm

/

Sl Jall &y phall 218 Y1 pa (38 5
i phall ALalill ey A8 DG 4

Properties of Gaussian Curve (gt  —isia Gl juies

s 3t S dha (maximum) s sad iy Jsiall ad .
cohea (5 sk e Uaall 5 €5y il

e 3l S Cuay Aalill o328 Jga (Symmetry) st Jils LY
el e jall agllie aiall ey

Ul e b Gl 5 caa sadl sl Wasll 40 ) LS LY

el 0l e 55
L sl ugle inie il (£0) O 3 geanall Aikaial Gaaf 1y o
sl oda 8 Aghiiad) Aal 2y dau o gl 68.3% 4w e S
.68.3%

'YV
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pooled N, +N, +N, +.......... N

(Nt) 6‘.'155_’ L’JL'JL, LﬁuL’.'\H_, ‘_‘j_’y‘ a&_,aa.a“ C.!LJL_._U R (J:‘-A:N:;, N2, N]

le ganadl 2ae (B
Example:

Calculate a poold estimate of the standard deviation for the
method:

Sum of
al Mean Squa're§ of
Tim C uios: Glucose, Deviation Standard
¢ oncentration, mg/L from mean Deviation
mg/L X N )
2(Xi-X)
i=l
1108, 1122,
Month 1 1075, 1099, 1100.3 1687.43 16.8
1115, 1083, 1100
992, 975, 1022,
Month 2 1001, 991 996.2 1182.80 17.2
788, 805, 779, 798.8
Month 3 $22, 800 1086.80 16.5
799, 745 , 750,
Month 4 774, 771, 800, 771.9 2950.86 222
758

ALy yhll odgd (5 bl

Ve
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Solution:

___— \/1687.43 +1182.80 + 1086.80 + 2950.86
pocied 7+5+45+7-4

Spootea = 18.58 ~19mg/L

A3l o AY) cilulddd ¢ il o glds

Variance and other measure of precision

33 ae 0 el ot (S) gkl Gl jasY) ol Gl Ui Jye LS
aaatll oAl Glalliae &3 8N Gigw VI (Precision) <)
fsh Al e

(Variance) <l <glis .\

S (Xi-X")

Variance=S§* = !
N-1

S b apead variance ) o sa (S) Jx (S?) plasid (e sl

YAl e
The advatntage of using variance is that are additive in many
situations.

KA
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(el (5 jlmall il Ay LY
Relative standard deviation (Sr) (RSD)

RSD=S§, =—
X

IOOO—IM)AJG.UJJ(ppt) k—iﬂb¢_)a'ah_,.\4.‘nbda:\u4)

RSD = % x1000  ppt

(CV) oadl) Jalaa ¥

Cofficient of variation

RSD = i_xlOO%
X

ad ey iy Ul sae s (spreed or range) <l ¢ L)
ol 5 Aad aal s T G 0%y (W) Seoll

Example:
For the set of data with (S=0.0038) and (X=0.754) for these

data (0.752, 0.756, 0.752, 0.751, 0.760). Calculate:



10 bl Uela Y rlii.

a) The variance

b) the relative standard deviation in parts per thousand
¢) the coeffient of variation

d) the spread

Solution:
a) $*=(0.0038)’=1.4x 107

b) RSD = 20038
0.0754

x 1000 = 5.0 ppt

c) CV= 0.0038 x100% = 0.50%
0.754

d) w=10.760 - 0.751 = 0.009 ppm

g2 Adlatall cibibuad) g 4 ginall al8 )
"Significant figures and calculations"

:(SF) (Significant figures) 4 yiaa) 58 )

tadad 4y ginall a8 Y1 s 34
M,2,3, . " A gina ol S Cuad " iuall fae” JEY ()

RUWECE IS I WO O U

VéY
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Example:
a) 0.0003
(1 SF)
b) 0.042
(2 SF)

comaat 32 g aaadl P HOAY (v

Example:
a) 0.300
(3 SF)
b) 0.4020
(4 SF)

SF I cililua 3 J35 Y (107) 58 (¢
Example:
a) 3.6 x 10’
(2 SF)
b) 4.00 x 10°
(3 SF)

YE¢
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Sample exercise:
Give the no. of significant figures for each of the following

results?
Cadl il e JSI & ginall 2lEY) dac dacf

a) 0.0105 b) 0.050080 c) 8.050 x 10

Solution:
a) 0.0105 b) 0.050080
3 SF 5 SF
c) 8.050 x 107
L1
4 SF

Example:

The number of significant figures in the measurement
0.0023010
a)3 b) 4 c) 6 d)s e)7

Solution:

Gaald Y el by Je iVl

0.0023010
5 significant figures

Yéo



Al A gl € 1 glam) plids

Example:

How many significant figures are thee in 0.04803

a)6 b) 4 c)7 d)5 e) 8
Solution:

0.04803

Significant figures = 4 cauas ¥ 2l jlay e jliaY!

Example:

The number of significant figures in the measurement
0.002030 is:
a) 8 b) 6 c)4 d)7 e)5

Solution:

0.002030
no. of significant figures = 4

Example:
The correct number of significant figures in the
measurement (0.02060400) is:
a)4 b)3 c)6 d) S e)7

Solution:

0.02060400
no. of significant figures = 7.

Ve
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Example:
The number of significant figures in the following number
103.00100 is:

a)6 b)8 c)7 d)4 e)5

Solution:
103.00100

No. of significant figures = 8

(d) 'No. of Decimals’ 4 jdall 28 )

S Laga (Decimal point) & ydell Alualill 3ey a5 Al A8 Y1 8

BRER AN
Example:
b) 36.2 a) 0.030
d=1 d=3
d)3.6x 10" c) 42
=0.00036 d=0
d=5

$oe e Al Bl s
£ a4y hal) Akl s jan Al
Sl ) el

A%
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o AT dgles
Bl al g 3abi5 ki 0 e S sae Cgllaall a8 ey gla 13 ("

Example:
a)25=24 6
b) 0.004 =0.003 7

A LSl o ‘;,.,d;ig,lungju..,;l;ug(w
Example:
a)32.6=32.6 4
b) 0.472 = 0.472 4

3 B s PN i s (0) 0 cplladl 80 ans ola 13 (T
OIS 13 (o)

Pon LS Q3,0 4y (odd) a8 (A
3.4=3.453
0.02 =0.0257

Al aaly e Canai (even) a5 (B

11.7 = 11.652
0.5=0.458



i Aalll plap U plagy) plivie
:(Calculations) <liluwal

"Decimal no." &y,dal S8, e 3855 7 shlly paad) il 3 ()
Cllualls 5 e by Y &y glse ol sall &yl A6 Y1 (4S5 G,y

caEl dlee 2ay

Example:
— L” —
a) 3.67 - 28 = 0.87 m’ 0.9
d=2 d=1 d=1
At 8]

b) 32 + 4.74 = 36.74 —» =37

e

d=0 d=2 d=0

©)2.74 + 31 - 1682 = 4158 ,, =42

__T>
d=2  d=1  d=3  d=1 cuA

(SF) I8 Uglue il sall (SF) I (58 Rasilly el iskee 3 (Y
‘il ee 38 Slibuaally

Example:
a)3.6 X 0.241 = 0.8676 j’ =0.87
sf=2 sf=3 sf=2
sf=3  sf=2
b) 0.0821x0. 63 —o. 25861———> 0.3
0.0 2 =1 il
st=1 S

V€4
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Example:

(8.26-0.3) (3.10+2.237)

Solution:

a)826 -
d=2

b)3.10 +
d=2

sf=2 sf=3
8.0x5.34
0.64
sf=2

c)

0.64
Qo
03 = 796 i =80
d=1 d=1
o

d=3 d=2

= 6675 =67
sf=2

\o.
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Example:
(5-3.67) (0.03+0.4)
2.612x10™
Solution: -
a)§ - 3ﬂ = 1.33 T_}t\“’ =1
d=0 d= d=0
— J‘-.' —
b)0.03 + 04 = 0.43 m =0.4
=2 d=1 =1
st=1 sf=l
c) l—x—("ff = 1531x10° —=» 2x10°
2.612x10 sf=1 )
Example:

Perform the following calculation and give the answer
rounded to the correct number of significant figures:
(13.31 +1.35) x 6.525

2) 95.6565 b)95.657 [c)95.66| d)85.7 )96

Solution:
Cbishd Je Jlgall Jay g
A)1331 + 135 = 14.66

2 decimal 2 decimal 2 decimal (Jay1 2k
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B) 14.66 x  6.525= (W sl) 95.6565
4 sf 4 sf
Example:

Perform the following calculation and report the answer to

the correct number of significant figures:
0.3620 (12.311 + 62.11)

a)269  b)342  ¢)27 |d)2694| €)26.936

Solution:
Ofigha o dolasll 03¢y a0
0.3620 (12.311+62.11)

a) 12311 +6211 = 74421
3 decimal 2 decimal cual
= 7442
2 decimal

b) 0.3620 x 74.42 = 26.9404
4 sf 4 sf il any (Joy asby)

=26.94

oYX
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Example:

Perform the following calculation and give the answer

rounded to the proper number of significant figures:
119.36-111.2

6.46
a)1.26  b)12 c)1.263 d)1.2632 |e)1.3

Solution:

119.36~111.2
6.46

a)11936 - 111.2 = 8.16 ~ 8.2

2 decimal 1 decimal 1 decimal
%(_J
Syt 3als

‘/2 sf

b) 5% =1.269~13
649\ 2sf

3sf

Example:

Carry out the following computation and report the answer
to the correct number of significant figures 2.58 (3 +9.126)
a) 30.960 b) 30.9 c) 31 d)30.96 e)31.0

Yoy
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Solution:

2.58 x (3 +9.126)
a)3 +9.126 =12.126

zero decimal 3 decimals

—

e 3sls ~ 12 — zero decimal
b) 2.58 x 12 =30.96

3sf 2sf Al A
~ 31

2sf

Significant figures in logarithms and anti logarithms

U shoua 2l gl Jala Al (sf) g siaad ABY) 23 5S0 of cany 2
sl i (d) Lpdal S5,

In a logarithms of a number, keep as many digits to the

right of thr decimal point as there are significant figures

in the original number.

Vot
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Example:
Log 3.21 x 10° = 3.50651 —=&_=_,3 506
SF=3 d=3
Log 2.000 x 10 = -4.69897 —=2= > 4.6990
Sf=4 d=4

o sall (51) A gimall AB Y1 230 (S5 e jle sl e Ala i LY
el e Jals (d) dydall HlY1 aaad U st
In anti logarithm of a number, keep as many digits as

there are digits to the right of the decimal point in the
original number.

Example:

Anti log 16.71 =5.1286 x 10'
d=2 sf=2

Sy s1,q00

Example:

Anti log 3.416 = 2.6062 x 10’
d=3 sf=3

i = s 61x10°

Example:
Round the following answers so that only significant digits
are retained:

(a) log 4.000 x 10™ = -4.3979400

(b)antilog 12.5 =3.162277 x 10"

Yoo
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Solution:

(a)

log 4.000 x 10™°=-4.3979400 —==—=_3 43979
sf=4 =4

(b)

Anti log 12.5=3.162277 x 102 —=2__= 53, 10"
d=1 sf=4

Standard Deviation of calculated results

il Bd Al adll (e de geaad dplua Clidee el ja) Ja
«Dlaall 4B daml g baall Gl eVl A8 e e 20 (S) (5 kma
g U ) Apbuand) laell p 55 o auind il 18 slad & sk

el LSS gy

il pen ol
0795306216

Yol
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zohly aaall g jbaadl Cil AN (V)
Standard deviation of a sum or difference

y =a(%8,) + b (£Sp) - ¢ (£3.)

=| Sy=4/S,7+8,7 +S

Example:

y = 0.50 (£0.02) + 4.10 (£0.03) — 1.97 (x0.05)
y =2.63 (% 5y)

iy g obmall Gl Al A pall G801 30 o lllall (55050 LaaY
Slanall el i 4 Usbe S

Example:
4.10 (£0.03)
d=2 d=2

Sy=1/(5,) +(8,)' +(8.})
Sy = /(0.02)? +(0.03)* +(0.05)’
=0.0616~0.06,
d=2

= 2.63 (+ 0.06)

yov
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Aadl gi o pall (5 Ll il Ayl (v)
Standard deviation of a Product or Quotient

_a(£S,)xb(ES,)
c(£S,)

SR CRORO)

Example:

+ s
4.10(£0.02)x0.0050 (£ 0.0001) _ 0.010406 (+Sy)
1.97 (£ 0.04)

Sy ( 0.02)2 0.0001)2 0.04]2
= ——= || | | +| —
0.010406 \\ 4.10 0.0050 1.97
= Sy =0.000301
= 0.010406 (+ 0.000301)

Example:
Calculate the standard deviation of the result of:

[143(£0.2) 116 (0.2)]x0.050(+0.001) _\ - ¢ \on 0
[820 (£10)+1030 (£5)]x 42.3 (£ 0.4) e

VoA
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Solution:
Y5 ol Jals il Jas a
a) 14.3(£0.2) -11.6(£0.2)=2.7 (+?)
zob ke gl L

= Sy =4/(0.2)* +(0.2)* =0.283

b) 820 (£10) +1030(£5)=1950(x?)

= Sy=4/(10) +(5)* = 11.18

Lsalaial oy plall o 4y ginadl 2l Y0 Lialaial pae calllall (55 50 Jasdls
el wll oS e

@ : OIS Aalaall Ciapal Gl Y1 b 2e
¥

2.7 (2 0.283) x 0.050 (+ 0.001)
1950 (+11.18)x 42.3 (£ 0.4)

=1.725(x?)x10°¢

=1.7(x?)x10®

Sy (0.283]2 (0.001)’ (1 1.18)2 ( 0.4 )
= = + + +| —
1.725x10° 2.7 0.050) (1950 )  \42.3
=Sy=0.185x10°~0.2x10°

Vo4
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Usleall ol 50 & ginall 291 e slaeyl

2 596 O iy lileas LSy ¢(2 ) o sine oy il dlliny of cang

sall b el 216,00 G glaa (Sy) I el LY
=1.7(x0.2)x 10°

& 9—ad Ql_.al.uaqs‘éJl_g.d\ A i (T')
Standard deviation in Exponential calculations

Lz

Example:

The standard deviation in measuring the diameter d of a
sphere is = 0.02 cm. what is the standard deviation in the
calculated volume V of the sphere if d=2.15 cm?

b La o 0.02 cm g 5_S0 i (il (5 lmall il a1 IS 1Y
é}hﬂluﬁuu‘dj ‘5_)5”&_",.‘.:;.&“ Pﬂ“ngW‘ u‘)uy‘

¢d=2.15cm
Solution:
‘;l\.'dls 3_)5]‘ pa alus u_,.\‘é )S.\:u
V= 4 Inr’
3

AR Y
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r = radius (Ll Cauad)
d 2.15
I=—=—
2 2

+ 3
:>V=§x3.14(2'15(;0'02)j = 5.20 (£2)em’

Sv_,sd

%

SV _3 002 o _0.145~0.1
520 ~ 2.15

il Line 7o LS Al g By gindl) Sl5J9) e ale YU,

=V =5.2(+0.1)cm’

Example:
The solubility product K, for the silver salt is 4.0 (+0.4) x
10, the molar solubility of AgX in water is:

Solubility = (K¢,)"? = (4.0 x 10%)'?=2.0x 10* M

What is the uncertinity in the calculated solubility of AgX in

water?

4.0 5 (AgX) duaill £y LA @y Juals il
(o (AZX) =) 4¥ sall 403 o(20.4) x 107

AR
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Solution:

+ -
Agx(S) ‘ Ag( aq) + X(aq)

= Ksp=[Ag"] [X]
Solubility=[Ag’] = [X']=y

= Ksp=(y).(y)

= Ksp=(y)’

=y=/Ksp =(Ksp)’
y=(4.0x10* )% =2.0x10" M (£?)

Y a

Sy 1 ( 0.4

— > | =2 |>8y=0.1x10"
20x10" 2\ 4

ol 0 S i Basnse 10°
Jall Jaend) alidia clld) Gl

= 2.0(+0.1)x 10"

1y
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L ol (S g peis S 9 (g L) il ATV (£)

Standard deviations of logarithms and anti logarithms

a) y=loga
o | sy=043422
a
b) y=antiloga
| 2= 23038a
y
Example:

Calculate the absolute standard deviations of the results of
the following calculations.

a. y=1log [2.00(£0.02) x 10™] = -3.6990 +?
b. y = antilog [1.200(x0.003)] = 15.849 +?
c. y=antilog [45.4 (£0.3)] =2.5119 x 10* £?

Al Gl il g lmall Cilyad) Caal

Solution:
y = log [2.00(£0.02) x 107*] = -3.6990 +?

Sy =0.434 (O'ﬁ) =0.004
2.00

o

= ~3.699(0.004)

&Y 107 cusi
pardl lgaaay 2l

yay
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b) y = anti log [1.200(+0.003)] = 15.849 +?

Y 5303%(0.003)
15.849

= Sy=0.11
= 5.8(%0.1)

¢) y = anti log [45.4 (£0.3)] =2.5119 x 10%° +?

Sy
=2.303x (0.3
2.5110x10% 03)

= Sy=1.7x10%
3y phall g &y ginall 28,Y) Cona Jpaeil) aay
=3 (£2) x 10”

Confidence interval (CI) A& o),

Jg.\;ic.‘da:\.my Lﬁlﬁg_)\;ﬂ\?ka‘&&‘g‘)ﬂw)*\sw Jga 9w
Afla Al Sl deadl Al (1) —iiall o al gl A
all o u ol Jya (interval) 5 i anss askius (Statistical)
03 ¢Alima dallaial da 0 P FS (p) c:ij:u ui c.)l:n:u.u (X-) ",—l_-,l)ﬂ\

11¢
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(Confidence interval) il 5 i aul Lo (3lhy 3ga (aria 5 il
-(Confidence limits) 4@} 35a ol lede @lhy 3 g0a o

Example:
7.25% £ 0.15% 3 _jidll aia (1) 3925 Aial & %99

Jall i igall A el alay ki %99 Ay 4 e sl o2

sl Jals () ol
(7.10% - 7.40) < ((7.25% - 0.15%) — (7.25% + 0.15%))

(ol AR 5 5 gl p g g

anlia G (S) e85 o A g e (6) (19SS Laic AED 5538 o) ()
(o) -

Finfing the confidence interval when (o) is known or (S)

is a good estimate of (o).

P9h g 43 jae aag ala plbias Lial da gy lllall (5 5 50

(CL) (Confidence level) a&ll 5 fisa .\
B aB ) DA e (1) e Lall (e S Bl A
ST P P W) S S 'S HN RIS W P SR YA
(oenreny 95%, 90%, 80%)

V1o
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LalSals (0) b calia cu i (S) 05S5 o (0) Al L e Jla o

O 138 alagal

Clfor u=X"

K

(0)= population standard deviation
Sodlaall (o jlmall il oy
(6) = ulis s cails ‘3“ 4lSa (S) ol 920 c._da:u.'\_,

2= gluall hugdl e Gl eVl g0 e g 2e

Adbide A8 Gl gie die (Z) 200 ad

i1
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Confidence levels of various values of z

Confidence level, % z
50 0.67
68 1.00
80 1.28
90 1.64
95 1.96
95.4 2.00
99 2.58
99.7 3.00
99.9 3.29

N = number of data <tlull aac

Example:

Determine the 80% and 95% confidence intervals for (a) the
first entry (1108 mg/L glucose) S=19. (b) the mean value
(1100.3 mg/L) for month 1 (number of data=71). Assume
that in each part, S=19 is a good. Estimate of ¢

g sl G—e JS180%, 95% Al A2 Gl s vie A2 5 5 s
:aglall

AR
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1108 mg/L (5 sbuss 40 2 5 J5¥ Ja (a
S5 0 JY) el 1100.3 mg/l sa sl b giall (b

o2y dages

Solution:
Ol 1a ‘,.xs:m (S is a good estimation of 6) dleall 232 e

Clfor u=X"
vr_
L_ujhniubjhgﬁxﬂ|HAL%&LEAAB(ﬁSML@ﬂJQ”Aqu(a
(X-) ‘f_x\...nﬂ
X =1108

2=1.28 < 80% A& (5 fimme 3ic

=1.96 < 95% a2 (5 yiua 2ic

80% &l 6 Sua Jic
1.28x19

N

Clfor £=1108+24.3mg/L
= Cl for £=(1083.7-1132.3)

=Clfor u=1108%

YA
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1.96x19

= Clfor u=1108+

CI for 4=1108+37.2mg/L
= CI for x=(1070.8 - 1145.2)

N=7 X =1100.3 (b
¥l g il i LS =2z

80% 42D 5 suue Nic
1.28x19

= Clfor z=1108.3+

Clfor £=1108.3+9.2mg/L
= Clfor £=(1091.1-1109.5)

1.96x19
=>Clforu=1108.3+
- N

Clfor £1=1108.31+14.1mg/L
= Clfor £ =(1086.2-1114.4)

114
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Example: I

How many replicate measurements are needed to decrease

the 95% confidence interval to 1100.3 £+ 10.0 mg/L of
glucose (S=19 "good estimation of 6", z at 95% Cl = 1.96)?

3 95% Bl (5 e die A2 5 58 Qi) e P Ll o L
sie Z "6 caulia w8 S=19) S5kl e 1100.3 £ 10.0 mg/L
9(1.96 3L 95% A& (5 e

Solution:
5 Wla Liea T g3 G5l e
Clfor u=X"
\/_
=1100.3+10.0
13 i
5. X’=1100.3
zZ0
=10
N
6. 1.96x19 10
IN
=N=13.9

VY.
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Ly b (0) 15 i 4220 5 5 sl (Y

Finding the confidence interval when (o) is unkown

Ol 13 aadnus

- tS
Clforu=X +*— .

X = mean olual o sial
S = standard deviation (s _jlbaall <l 23!
N = number of replicate measurements of Data
clld J clalal sae
t =t-score
Ay yra (0) 0S5 Al Ja (B a2 ST Z (g ) 52 53 20all sa g

acy(CL) il 5 sine o AdeVh dals Jgan (o 022 g
13- 5 (number of degree of freedom (N-1)) 53—l Cila
3‘)53“ FRYY s d_,.}a.“

ARA



LS W S, S PN S P )

Values of t for Various Levels of Probability

Df‘;gezg?l:f 80% 90% 95% 99%  99.9%
1 3.08 6.31 12.7 63.7 637
2 1.89 2.92 4.3 9.92 31.6
3 1.64 2.35 3.18 5.48 12.9
4 1.53 2.13 2.78 4.60 8.61
5 1.48 2.02 2.57 4.03 6.87
6 1.44 1.94 2.45 3.71 5.96
7 1.42 1.90 2.36 3.50 5.41
8 1.40 1.86 231 3.36 5.04
9 1.38 1.83 2.26 3.25 4.78
10 1.37 1.81 2.23 3.17 4.59
15 1.34 1.75 2.13 2.95 4.07
20 1.32 1.73 2.09 2.84 3.85
40 1.30 1.68 2.02 2.70 3.55
60 1.30 1.67 2.00 2.62 3.46
© 1.28 1.64 1.96 2.58 3.29

Example:

A chemist obtained the following data for the alcohol
content of a sample of blood: % C,HsOH: 0.084, 0.089,
0.079. calculate the 95% confidence interval for the mean
assuming (a)the three results obtained are the only indication
of the precision of the method and (b) from previous
experience on hundreds of sample, we know that the
standard deviation of the method S=0.005% C,Hs;OH and is
a good estimate of o

ARAt
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A2l 5 58 sl 0,084, 0.089, 0.079 : JUNS <uilS 5 (%C,HsOH

Ay ylall o3 48 e Jn ) s slsaal) 2D 2l (a

o Jbrall Gl o Gijas cpadd de e &l Gijlad e (b
0 Culia )T a5 (S=0.005%) L

Solution: ‘
S o aaiad g WY ¢ rbie cu 8 Gl (S) il 14 4 (a
X- = 0.089 +0.084 +0.079 —0.084

3

Xi (Xi-X)’
0.084 0
0.089 2.5x 107
0.079 2.5x10°

X =0.084

N
Y (Xi-X)? =5x10°
i=|

VY
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($ b A a Gapg 95% A (5 e e (aadl Jsal) cpe
(=4.30) 48 ol ans (3 - 1=2)
tS
ClI for X +—=
£=2 R
430 x 5x10°

V3
=0.084 £0.012%

=0.084 +

Clfor u=X"

\/_
(z=1.96) < 95% (5 gss 4T (5 siuna 2ic P

=505 (Z3) Gl g il (8 daritundll ganii 4 Lia Ladiiuddl (N) o
(0) 3 ilio cy@ a (S) o e aVall g il 1 i da
1.96x 5x10°

NG

=0.084 1+ 0.006%

= Clfor £1=0.084+

o8 a8 e Jaytia gy (2) plasid die J8 coasdd 320 3 e oL sy
pbaad Aaal b

Ve
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Detection of Gross errors

Al el 58 ol Jia oS5 a8 clulall Al g 4y el ol ja) 2
il 02 e iUy iy Whlua e ol U3 2 (outliers)
(Q-test) and 4de (3lay yan aladiuly o st g Lehia g 48 jlia

Q-test
Gl kY Ganill 138 Jee 5 Laelad @l caf iy paadll ba a4
e Ay bl dm e ST L "AaE el g dad it bl

Range ) clabdl o o W )slad Al daill 5 2all 038 G A
ials Jglaa P (e (Qeal) dpbual) Q 4af min llyyy (W)
i anl Q 125 "(CL) 42 (5 fiuay (N) bl 220 e slaeYU

el il 3 jliay (Qeritical)

e Ao o A el (3l il 5 & Qppp < Qegp il 13 Y
(Data rejected)

Data ) Lgs ¢l y<h ) 30l a5 <= Qprip > Qe i€ 1Y Wl .Y
(retained

Yvo
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Number of 90% 95% 99%

Observation Confidence Confidence Confidence
3 0.941 0.970 0.994
4 0.765 0.829 0.926
5 0.642 0.710 0.821
6 0.560 0.625 0.740
7 0.507 0.568 0.680
8 0.468 0.526 0.634
9 0.437 0.493 0.598
10 0.412 0.466 0.568

Example:

The analysis of a calcite sample yielded CaO percentages of
55.95, 56.00, 56.04, 56.08 and 56.23. the last value appears
anomalous; should it be retained or rejected at the 95%
confidence level?
BN cany Ja 3500 ek dad 3l 56.00, 56.04, 56.08 ,56.23
€ 95% 4D g giune die lgund ) § dasill 22 e
Solution:
leasip Lde LaeLua 40 50 (50 o) g Liae Lot 45 ya ol o s

55.95, 56.00, 56.04, 56.08 ,56.23

sale” ¢ Jpull sllaall ga 138 Y Aad LSY (Q-test) Jans aii o gm
af il y 1SV (Q-test) 01sSs
_56.23-56.08 .,
56.23-55.95

Qe

Y1
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o A N=5 bl a3e 5 95% A% (5 ghune e Babad) Jsaall 32 4ally
'(chit=0-71)

(retained) a5 led & Sl el o &= Qqit > Qear ol LoDl

A%
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baa gl e dale Al

In terms of the correct number of significant figures:
Log 4.000 x 10° =

a. -4.3979
b. -4.398
c. -4.40
d. -4.4

e. -4

The correct answer is (a)
oVl a8 8 (sT) aaad Ulas o sadl o (d) e 058 o sy
(4) st

How many measurements that are needed to reduce the
confidence limits to + 0.07 at the 95% confidence limits

(Spooled —> 0= 0.1)

The correct answer is (b)

(0) dad acl Jgadl o Lus

YYA
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1.96 = ail; 223 (% 95) 48 (5 sise die (Z) dagd 23 55 Jall (ya

1.96x 0.1
0.07=—7——
JN
2
N=[1'96XO'1) 7848
0.07

Perform the following computation and round the
answer to the appropriate number of significant figures

_1.73(0.03)x 10™

y= =106.1349693
1.62 (£0.04)x 10

106.00 (£0.03)
106.0 (£0.3)
106 (£3)

1.0 (20.1) x 102
1 (£1) x 102

o ow

The correct answer is (c)

Solution;

2 2
Sy =106.13496 (%) +(%) =3.2023
1.73 1.62

Yva



~1.73x10™
1.62x107"

G

a1 il gl < U Bl pliia

Clbually 4y ginal) 28 ,Y1 e olie YL

=106.1349693 =106

G

A8 pae b Led A gl o gall Ay il W81 0S5 o g

= 106 (= 3)

Samples of heroin preparations were analyzed in duplicate

Sample Heroin %
1 2.24,2.27
2 8.4, 8.7
3 7.6,7.5

Calculate a pooled estimate of standard deviation (Spooicq) fOr

these data.
a. 0.01
b. 0.05
c. 0.08
d. 0.1
e. 0.5

The correct answer is (d)

YA
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A loss of 0.4 mg of Zn occurs in the course of an analysis
for that element. Calculate the percent relative error due
to this loss if the weight of the Zn sample is 400 mg.

a.-0.1%
b. +0.1%
c.-1.0%
d. +1.0%
e. -1.0 ppt
The correct answer is (a)

Upon applying the Q-test, at the 90% confidence limits,
to the following data, 85.10 , 84.62 , 84.65 , 84.70, the
result that should be rejected is:

a. 85.10

b. 84.62

c. 84.65

d. 84.70

e. None of the results should be rejected.

The correct answer is (a)

omplete the following calculations, so that the results
include only significant figures:
a. Y =log (4.213 x 10%") =-20.375409
b. Y =anti log (- 27.2424) = 5.72269 x 10"
The answers:
a. —20.3754
b. 5.723x 107

AN
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Analysis of several plant-food preparations for
potassium ion yielded the following data:

Sample Mean No. of Deviation of individual results from
N percent b .
0. K observation mean
1 4.8 5 0.13, 0.09, 0.07, 0.05 0.06
2 8.4 3 0.09, 0.08, 0.12
3 3.77 4 0.02,0.15,0.07,0.10
4 4.07 4 0.12, 0.06,0.05,0.11
5 6.84 5 0.06,0.07,0.13, 0.10, 0.09

Calculate the Spooled estimate of the standard deviation.
1.1%

0.11%

0.18%

0.01%

0.15%

oA o

The correct answer is (b)

A method of analysis yields weights of gold that are
always high by 0.4 mg, calculate the relative error
caused by this uncertainty if the weights of gold in the
sample is 0.600 g.
a. -0.066%
b. -0.934%
c. +0.934%
d. 6.00%
e. +0.066%

The correct answer is (e)

YAY
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Calculate the coefficient of variation for the following:
0.1027, 0.1014, 0.1510, 0.1061, 0.1072

13.96%
18.47%
3.49%
2.86%
6.72%

a0 o

The correct answer is (b)

Calculate the standard deviation and report the result
for the following computation

14.3(£0.2)-11.6(x0.2)
920(£10)+1030 (% 2)

=747

1.38 (£ 0.01)x 107
1.4(x0.1)x 107
1.3846 (£ 0.0001) x 10~
1 Dx10°

1.385 (£ 0.001) x 107

Qe op

The correct answer is (b)

YAY
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One of the following computations is not consistent with
the significant figure convention

rounding 4.535 to 3 significant figures yields 4.54
4.0+ 8.32=12.3

Log 2.00 x 103 =3.301

Antilog 4.69=4.90 x 10*

None of the above

o a0 op

The correct answer is (d)

Calculate the 95% confidence limits for the replicate
measurements 0.0902, 0.0884, 0.0886, 0.1000. given that
=0.04

0.0918 £ 0.01
0.0918 £ 0.02
0.0918 + 0.04
0.0918 = 0.001
0.0918 + 0.002

oo o

The correct answer is (¢)

YAS



IS W WX\ Y DU S g1 g lids

Analysis of plant food preparation for Cupper ion
yielded the following data:

Sums of the
sample Meanzg%) No. O.f squares of
Cu observations deviations
1 3.80 5 0.40
2 5.04 3 0.29
3 4.60 4 0.24
4 2.90 5 0.43

Encircle the correct statement:
a. the Spooled is equal to 0.32
b. The standard error of the mean is 0.08
c. The variance is 0.1
d. All of the above statements are correct

The correct answer is (d)

n analyst obtained the following results (%) Fe in a soil
sample:
39 34 33 33 33 39 36 32 32 30
Use the data above to answer the following questions:
I) the relative standard deviation in ppt is:
a. 30.14
b. 263.93
34.1
17.68
87.98

o a0

The correct answer is (e)

Ao
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II) the relative error is:
a. 2.1 (%)

b. 6.6 (%)

. 6.2 (%)

10.8 (%)

. 8.9 (%)

rb_c_o

The correct answer is (b)

III) at the 90 (%) confidence level. Encircle all the
correct statements

the value 30 must be rejected

the value 30 is not an outlier

the value 39 must be rejected

the value 39 is not an outlier

none of the above statements is correct

o a6 o

the correct answer is (b)

1V) at the 95 (%) confidence level, the confidence
limits are:

2.14
3.44
10.1
3.56
1.26

o a0 o
> < | el 4|
H + H W H

The correct answer is (a)

YA
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Estimate the coefficient of variation for the results of the
following calculation. Round off so that the answer
contains only significant digits:

1.78(£0.31)x102 + 5.36(x0.21)x 107
1.7(0.4)x10? — 3.57(+0.01)x 10>

a.5.5(1.7) b. 30.3 (£0.7)
c.5.5(0.3) d. 5.328 (+ 1.3)

the correct answer is (a)

Encircle the correct statement:

log 1.73=2.4x 10"

the range is a measure of accuracy

the antilog of -3.47 = 3.388 x 10™

the variance is a measure of systematic errors
none of the above statements is correct

®oo0ow

The correct answer is (e)

Encircle the correct statement:

a. determination errors can best be expressed as the CV
(%).

b. Indetermination errors can be corrected.

c. Gross errors are constant determination errors.

d. Method errors are systematic errors that can be
detected.

e. None of the above statement is correct.

The correct answer is (d)

YAY
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The following values were obtained for the nitrite
concentration (mg/ml) in a sample of river water.

(0.404, 0.403, 0.410, 0.401, 0.402, 0.380, 0.340)

Encircle the correct answer

a.

b.

at the 90% confidence level, the lowest value must be
accepted.

at the 95% confidence level, the lowest value must be
accepted.

at the 99% confidence level, the lowest value must be
accepted.

It is difficult to say that a gross error occurred.

None of the above statements is correct.

The correct answer is (c¢)

A method of analysis yields weights of gold that are
always high by 0.4 mg. calculate the relative error
caused by this uncertainty if the weight of gold in the

sample is 0.600g.
a. -0.066% b. -0.934% c. +0.934%
d. 6.00% e. +0.066%

The correct answer is (e)

YAA
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Chapter Five
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Chemical Equilibria
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el Jeadeal) Ca W HS3 2] il 5 (ym ganll Gy ylat Bac 2a g

Arrhenius Concept it f faua

a) acid = produce hydrogen ions in aqueous solution

Al Jllaalls (H') Cumsoned Osf sy
Example:
HCI 22 H' +CI

b) Base = produce hydroxide ions in aqueous solution
il Jlaalls (OHT) waS 5 jued oo any
Example:

NaOH —L Na®+OH"

ad 4y 1l acd gall

Bronsted — Lowry Model : Nwig p 23
Acid = proton (H") donor o5 aila

Base = proton (H") acceptor O Jaitia

aa gl o3 Ll 50 Gulid () S 4S5 acd gal

Y4
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Example:
Conjugate pair (3il s z 5)

NH; + l—ljzo P — NH; + (l[—l‘

Base acid conjugate  conjugate
acid base
= |
&‘_)ﬁ 3acld

sl 5 (conjugate base) 4&l ya 32018 Jany (acid) Laesll Lails o
.(conjugate acid) 3# jo aes s (base)

oafidgdaaly (H) By Wl 46 je 520l ) e (e Jygaiill
caaly e Al

Acids Conl'ugate Bases |
H,0 OH™
NH; NH;

HPO; PO;

HSO, SO;’
NH; NH;

14Y
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Rinl 355 5anly (H) s 330 Gaan ) 52008 0a ypailly

Jaal g oty
Bases Coniugate Acids T
H,0O H;0"
H,PO;' H;PO,
CN” HCN
NH; NH;
SO; HSO;'

conjugate ) 4& yall 4iacld s 48 i (acid) Laeal) 558 ks LalS o
e u.uSa.“J s:g.\c-m‘ cua e (base

Example:

HNO; > HCI > HF > HNO, > HCN > H,;0
‘_—
Acidity T

NO; <CI' <F <NO, <CN" <OH"

_

Basicity T

Y4y
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() pn B A3l g Aleliial) 3 gl 380 5 b )35 30 Al a
The state where the concentrations of all reactants and
products remain constant with time.

Jelial de pu (K3 ¢ paine Ao Jeliil i g 8 Jelid of e Y e
@Sall Jelil e ju 14 4lue S5 (Forward reaction) (LY
el Ula e s gl jels Y L (Reverse reaction)

Example
3H2( ) )‘—'.' 2NH3(g)
The equilibrium constant N Gl

K = concentrations of Products 4-—
concentration of Reactants
K = equilibrium constant ol Ay ua! I

el Jeliah Laal )
aA+bB S5 cC+dD
k = [CID]
T [aFBr

L (aq) dlaal s () &3l 3 sal (N1 Calt el 3 Jay #

Y4¢
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Example:
3H,,, + N,,,S 2NH,
[NH3]

TR

Example:
Write the equilibrium expression for the following reaction:
4NH3(g) + 702(3) : 4N02(g) + 6H20(g)

Example:
Sl Jelill o) )l s il

4NH, , +70,,5 4NO,,, +6H,0,

3Me)

Solution:
« - [NO, |'[H,0f
[NH, ] [0, ]

Example:

a) PCl, S PCl,, +Cl
K =[Cl,]

b) CuSO, -5H,0,,S CuSO,,, + 5H,0,,
K = [H,0)

c) 2H,0,,5 2H,,, + 0,

= [H,)* [01]
d) Ca0,, +CO,, 5 CaCO,,

2(g)

K=

[co,]

V40
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Example:
At high temperatures, elemental nitrogen and oxygen react
with each other to form nitrogen monoxide:

N, + Oy S 2NOy

Suppose the system is analyzed at a particular temperature,
and the equilibrium concentrations are found to be [N;] =
0.041 M, [0,] = 0.0078 M, and [NO] = 4.7x10* M.
Calculate the value of K for the reaction.

Ue Jeliis a1y s sl iy S (8 A5 5 A0 e
f A Je il cuia g il 2l 45 S
N,y + Oy 5 2NO,,,
S5 e 385 in gy Rigma s a da e Uil (st &
r Salls
[NO] = 4.7x10* M, [0,] =0.0078 M, [N,] =0.041 M
¢ el 13g) K dad caual

Solution:
5 dla (yimsaill aolions Lals o) 31 g b Ly ,S3 8 Jaudl o ey
o sialy

¢ - INOF

IN.][0.]

-4 \2
B CHE ) PN
(0.041)(0.0078)

Y41
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vand Lpan uall o gl Y Dl 13 Gisaa s K Jaa gy #
2
= unitless

A g gl e adian K saay Wil #
f O aladl Jelal Wual i< 1y #

aA+bB S cC+dD K=x
K dad S Lild Alleall uSay Liad 13 #

cC+dD S aA +bB K=(x)“=l
X
s il K o Lild 2ney Allaall o puimy Lick 13 #
maA + mbB S mcC + mdD K=(x)"
Example:
3H,, + N, 5 2NH,, K=3.8x10*
Calculate (K) for these reactions:
a) 2NH, ,5 N, ., +3H,, K=??
1 3
Solution:

b Jelidl Lue W Ly (a

11 _s6x10°
K 3.8x10

=>K,=(K)" =

Y4y
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l_l‘;ul...&“_}r_h.\“\.u_)m\.u\l.u(b

=K, =(K) = J—J38x104_19x102

Example:
At a given temperature, K = 1.3x107 for the reaction
Nag + 3Hag) = ZNHy,
Calculate values of K for the following reactions at this
temperature.
a. $N,, +3H,,,5 NHj,
b. 2NH3() 5 Ny + 3Hyg
c.NHyp S 3N, +1H,,
d. 2Ny + 6Hyp) S 4NH;

Solution:
a) K, =(K) =(1.3x10?) =0.114
1
b) K, =(K)" =(13x107)" =
1 1
9K =) = = T
d) K, =(K) =(1.3x107) =1.69x10™
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L ga¥) J—% (AMPHOTERIC) 5S5 of (5,80 3 pal Sy #
.(NH;)

NH; +NH; S NH: + NH;

2H,0 S H;0" + OH”

po sl 1 Y Jea gl

|

[ FioTon]

K., = Dissociation constant for water
25°C 54 da o e (1x107) dag dlbiayy oLl el <l

[H'] 4uis sa 5 [H30"] = hydronium ion 55 5l o)

.[OH] = Hydroxide ion 1S uell oo

ANy [OH] 5 [Hy0'] soad ki s ¢ pildl 138 Dl 50 13 3
. AY

Example:

Calculate the [OH ] and [H'] of each of the following
solutions at 25 °C.

a) [H]=3.2x10°M b) [OH ] =4.67x10°M

Solution:
a) K, =[H] [OH]
1 x10™ =(3.2x10%) [OH]
= [OH]=3.125x 10" M.
b) 1x107"* =[H"] [4.67 x10?]
=[H]=2.14x10"M

Yoo
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The (P) Functions P o) 38

H B ae Joladll Byl (P-function) aadis
(1x107) o 58 Jed (£) pady colasind 30

3) PH=-log [H']

4) POH = - log [OH]

Example:
1) [H+]=2.16x 10*M
= PH=-log (2.16 x10*) =3.67
2) [OH]=534x% 107
= POH = - log (5.34 x107) = 6.27

)

Lulall e
Shift + log
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Example:
1) PH=8.67

= [H'] = anti log (-8.67) =2.14 x10° M
2) POH=3.42

= [OH ] = anti log (-3.42) = 3.8 x10™

—_—

[14=PH + POH]

e sSall g POH (0 PH alay) skt o 916l 134

PH =—= POH
Example:
Calculate PH and POH for:
a)2.66 x 10* M [H]
b) 5.86 x 10 M [OH]
Solution:

a) PH=-log [H]
= - log (2.66x10™*) =3.58
= 14=PH + POH
14 =3.58 + POH = POH = 10.42
b) POH = — log [OH]
=—log (5.86 x10®%) =7.23
= 14 =PH + POH
14=PH+7.23 > PH=6.77
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PH scale:
V¢ ) 5o PH i ¢ g 5
ol 2D Y gt gl
a) PH<7 = acidic ((;~a4ls)
b) PH =7 = neutral (Jalxis)
c) PH>7 = basic ()

Example:

The PH of a sample of human blood was measured to be

7.41 at 25°C. Calculate POH, [H'], and [OH] for the

sample.

bs das die V,8) 5l CalSy 5 odd sl e A PH Gl
A3l 03] [OHT] «([H'] ¢POH sl 25°C

Solution:

1) 14=PH+ POH
14 =7.41 + POH = POH = 6.59
2) [H+] = anti log — PH
= anti log — 7.41 =3.89 x10* M
3) [OH-] = anti log — POH
= anti log — 6.59 =2.57 x10" M
Jall (508l ddy ke sa g
K, =[H'] [OH]
1 x10"=(3.89x 10%) [OH]
= [OH ]=2.57x10"M

Y.¥
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Al G Juala g Al o) 3
Solubility Equilibria and the Solubility Products

A3 Ly 5 (soluble) eladl b JalS JS8 € jall any s S5
e JY BN aadaina g o(slightly soluble) dspad Gl gy

A s Jaala e 20130
(Solubility product constant (Kg,)

AB(y S ABpg) = A'ap + B
g.\td\S LA_)LA.\;"‘ C_Jn.\.u_ ¥ i g
ABy) S ATy + B g
[ABeq)] = [A"ag] = [B (ag)] = solubility (axs1)
Al aal g (Kp) ool LalS 3#
Ko T = solubility T

Example:

) AgCly SAg ey + Cliu
Ko =[Ag"] [CI]

2) Ca(OH)y S Ca™ (g +20H )
Ky =[Ca™] [OH]’

3)  BiS;y S 2Bi+3£aq5) +3S57%4)
K, = [Bi”T [S™]
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Example:
Calculate the solubility of Agl "Kg, = 1.5x107'%"?

Solution:

Agliy S Ag'y + Ty
Ko =[Ag1[I]

= [Ag'1=["]=X

= K= (X) (X)
1.5x1071¢ = x?
=X=+1.5x10" =1.22x10"

= X =[Ag"] =[1"] = [Aglq)] = solubility

Example:
Copper (I) bromide has a measured solubility of 2.0 x10™
mol/L at 25°C. Calculate its K, value.

1 (2.0x10™ MOI/L) (5 sbus can gy olaill dpa gyl AfAl s
Kop daf caal 25°C 5 ja da 2
Solution:

CuBr¥ 5 Cu,, +Br,
x) (%
Ko =[Cu"'] [Br]
= solubility = [CuBr,) = [Cu™'] = [Br'] = (x) = 2x10™
= Ko = (2x10™) (2x10*) = 4x10°

Example:
Calculate the K, value for bismuth sulfide (Bi,S;), which

has a solubility of 1.0x10""* mol/L at 25°C.
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Solution:

Bi2S3(s) 5 2Bi;}, +3S7,
(2x) (3x)
Solubility = [Bi,S3aq] = x = 1x10™"
= Ky = [Bi”)_[S7T
K = [2x]* [3x]’
K, = [2(1x10”)} [3(1x10™%)]* =1.08 x 10

Example:
The K, value for copper (II) iodate, Cu(IO3),, is 1.4x107 at
25°C. Calculate its solubility at 25°C.

Solution:
CU(IO3)2(5) S Cu (fq) + 210,

3(mq)
K, =[Cu”][10;]

1.4x107 = (x) (2x)°
1.4x107=4x°

X =31/1—'4le0_— =3.3x10" mol/L
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Example:
How many grams of Ba(10;), (487 g/mol) can be dissolved
in 500 mL of water at 25°C?

& O adis (Mw=487 g/mol) Ba(I103); (e Sl jall axe oS
(Ksp=1.57 x 10) € 25°C 5 i ja da p 2ic eLal (5a (500 ml)

Solution:

-

30 al Aa o S5 g Sl gay ety Jlgu (g1 (8 Al (5550
dan JShy aoal da sy ety o el B e oY Jigall 1
cbal e 3 Jay Y 5 sl

2+

Ba(10,), , =——= Ba__ + 210,

2) T {aq)

X 2X

Ky = [Baz+] [103-]2
1.57x10°=4X°

-9
= Solubility =X = J%— =732x10"'M

FCRY
n
M=2=n=MxV
v

V=500ml=0.5L
=>n=732x10"x0.5=3.66x10"* mol
> m=nx Mw
=3.66x10"x487=0.178¢g
YoV
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Common Ion Effect & kel el il

ABy S A, +B,

JAY) s sl 4SS vie Jdaay 5 S e gl g o lall oY)
(B

Sl 3 Caga Jeliall ol o alall o ) 3paS il LS Sl
S yall 4803 QS Y (505 Lea
common ion T = solubility +

Example:
Calculate the solubility of solid CaF, (Ksp = 4.0x10"") in a
0.025 M NaF solution.

Solution:

Can(s) s Ca{:q) + 2F(;q)

x  (2x)

JSy disiy . i
NaF(S) > Na(m) + F(aa)

Jals
0.025 M (0.025 M) (0.025 M)

NEECREEITAN
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=[Ca"?] =x
[F]=2x+0.025~0.025 M

= K, =[Ca™] [F]?
4x107"" = (x) (0.025)
= )T( =6.4x10° M

A;aq) +B(-aql s AB(S)
[AT] [B7] > K,
(precipitate) iy 32 2 ([A'] [B]<Kg) oS 13 Wi (Y

Example:

A solution is prepared by adding 750.0 ml of 4.00x10° M
Ce(NO;); to 300.0 ml of 2.00x10* M KIO;. Will Ce(105);
(Ksp = 1.9x10™'%) precipitate from this solution?

a—s Ce(NO3); (1 (4x107 M) 38 5 750 ml dilialy siml Jslas
Ce(103) s s J—a KIO; — (2x107 M) 35— 1 300 ml
¢Jskaall 130 3 (K= 1.9x107")

Y.q
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Solution:

Ce(NO;); > Ce* + 3NO;”
4x10°M 4x10° M

KIO3 - K™ + 10;”
2x102 M 2x10”? M
Ce” + 3105 S Ce(IOs)

Jslaally 3ol (Ca™, 1057) sl 380 5 coluay a5 Cigus ¥
(750 + 300 = 1050 ml) 5 sbusy pna flliay (3 aal
1) for Ce"
M]V] = M2V2
(4x107) x(750) = (M,) x(1050)
= M, =2.86x10>M

2) for 105"
MV, =M,V,
(2x10%)%(300) = (M,) x(1050)
M,;=5.71x10" M
= [Ce™] [1057] = [2.86x107] [5.7x107 = 5.Yax10™"
= 5.Y4x10™"° > K, (1.9x10™'%)

= Ce(103); will precipitate (e i < gu)

Example:

A solution is prepared by mixing 150.0 ml of 1.00x102 M
Mg(NO;), and 250.0 ml of 1.00x10" M NaF. Calculate the
concentrations of Mg** and F~ at equilibrium with solid
MgF, (K, = 6.4x10™).

Yy
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t—s Mg(NO3); oo (1x107 M) 5S5 150 ml halsy fad Jglas
(F)s (Mg"?) 385 caal NaF 0 (13107 M) S5 250 ml
(Kgp = 6.4x10™) MgF; <aud )1l ae o 31 e

Solution:

Mg, +2F,) S MgFa

Jalall 58 o 8 0l (F7) 5 (Mg™)) n JS ¥ 50 320 003 cony 0
-(excess) s 31 salall & (a4 (limiting reactant) sasall

1) N0y, = Mx V =(1x1072)(0.15)=1.5x10" mol

ol e U
(L) Al saa gl

n n,, =1.5x10" mol

Mg(NOy), —

2) ny =MxV =(1x10")(0.25)=2.5x10? mol
= Ny, =n_ =2.5x10" mol
Mg +2F, S MgF;
n=15x10"mol n=2.5x10"mol

-3 2
1.5><110 1510 %:125“0"

i

AR R
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Fexcess) Fltotal) 5 F(_Reactant with Mg+2}
o5 S Mg™ fe clelis

=2.5x107 — (2x1.5x107)

=2.2 x10” mol

. -2

[F_ excess= n = 2.2)<10 =5.SXIO—2M

- Vi (0.15+0.25)
= [I1=5.5x10"M

b (MgF5) cand ) dlSis o cams Al o8 Mg cligd U #
-
MgFy S Mg? + 2F
(x) (2x +5.5x107?)

Ky =Mg™] [F T
6.4x10% = (x) (5.5x10%)?
x=2.1x10°M
= [Mg?=2.1x10°M

Example:
Calculate the molar solubility of Ba(IOs), in a solution that
i 0.0200 M in Ba(NO3)2

Js—lae b (Ksp=1.57 x 10°) Ba(I03); — &3 sall 23830 Cansal
¢ Ba(NO3), (e (0.0200 M) (s sy

YyY
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Solution:

+

2 ]
Ba(NO,), ,—> Ba o T 2 NOM”
0.02 M 0.02M 2x0.02=0.04 M

2- -1
Ba(IOJ)2 ) <—— Ba wp T 2 Iqu)

X 2X

(Ba+2)_JL'):\JJ...4A .J_,.;J.EADU

Ksp = [Ba"] [1057]?
1.57 x 10° = (0.02 + X) (2X)*

0.02—s & ,lia laa 5 yiem LY Ciiat
Al o3a o Ju s 44 Ksp jauay

1.57 x 107 = (0.02) (2X)?
1.57 x 10™ = (0.02) (2X)
1.57x 10° = 0.08 X*

-9
X = /M=1.4x10-‘M
0.08

YyY
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Example:

Calculate the solubility of Ba(IOs), in a solution prepared by

mixing 200 mL of 0.0100 M Ba(NOs), with 100 mL of

0.100 M NalQO;

idaud 51 sy Jslaa 8 (Ksp=1.57 x 10”) Ba(IO;); 4 ol

¢ (100 ml) a= (0.0100 M) S uBa(NO;), (= (200 ml) Lls
£(0.100 M) S s NalO;

Solution:

O el ) i (NalO; + Ba(NO;),y) oisl—ad (15l Lals 2ic

(excess) adl ) JSiy palelinadl islal) (saa] A5 isus Ba(105),

Ui T LS Dl 138 U peasd 52930 23Sl 038 b jaa cuny )
Al ol il b

Ba(NO,),, + 2Nal0, <=—== Ba(l0),, + 2NaNO,

V=200ml V=100ml

=0.2L =0.1L
M=0.01M M=0.1M
n=MxV n=MxV

=2x 10° mol =0.1x0.1

=1 x 107 mol
-3 -2

2x10 —9%10” 1x10 ~5%10"

LR saad Jaladl g8 & aa!

AR R
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533 30 4l sl y (excess) 52330 3ol & (NalOj) of Laadl
Ba(NO3)2 - i_leldna NalO; @Y g 222 Gluas ?33:‘ < g ¢ lgia

Fulls
1 mol Ba(NO,), ——> 2 mol NalOQ,
2x10° mol Ba(NO,), — X mol NalO,

Nnao3 = 2 X 2x107 = 4 x 10 mol

DNaios = NNalos — NNalo:

=(1x10%) =4 x10%)=6x 10" mol
-3
= [NalO, = n =6><10

V.. 02+0.1
.

NalO, ——3p Na_ + 10.

=0.02M

GBS J gl praay Y

Mag) (8Q) 3iaq)
0.02M 0.02M
x +2 -
Ba(10)),  ~—— Ba(aq) + 2103“"
X 2X

Yyo
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Ksp = [Ba™] [10, ]
1.57 x 10° = (X) (0.02 + 2X)°

1.57 x 107 = (X) (0.02) \@
X=3.925x10°M

alaay!
(acids)

|
l l

‘55)3 . -' . .
(strong acids) (weak acids)
» . . . L:‘ . M
Ll Ll 8 e LS ol e S
"complete dissociation" partial dissociation
HA->H +A HASH + A
1l 1 Jba
HBr, HCIO,, HNO;, HCI, CH;CO,H , HF, HCN,
& H,SO, & HCIO

Yy
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Lodl pataall) s PH cibws
Calculating the PH of Strong Acid Solutions

L—la "Complete dissociation” L_\IS eiy (5 il Gl o Lay 3
(50 Gaeal 385 ga [H'] 385 s asbins

Example:
Calculate PH of (0.001) M HNO:s.

Solution:
[H] = [HNO;] = 0.001 M
= PH=-log [H']
=—1og (0.001)=3

Example:
Calculate PH of 2.3x10™* M H,SO,.

Solution:
[H] =2 x [H,SO4]
=2 x (2.3x10%) =4.6x10* M
= PH=-log [H]
=—log (4.6 x10*)=3.34

Y\Vv
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Example:
Calculate PH of 3.46 x10° M HCI.

Solution:
[H]=[HCl]=3.46 x 10° M
PH = - log [H']

= —log (3.46 x10®) = 8.46

mala Ty Ll )5S of ity A (B Apie e dadll o2y #
.Voa_):\SidPH_g

(V) sty Jolaiall oLl PH L 20 clla 3

PH

]
=

ddaal palal) dlaa PH clbws
Calculating the PH of weak acid solutions

HASH + A

A yme a3 Y Wl e IS8 SSES Aimaall (alead) o Ley #
(Ka) eV iy Cimaall el 5855 (e 5580 [H]

‘o [HA]

K, = dissociation constant of acid aaall IS8y

# KT = [H]T = acidity T "strength of acid T"

aaall 3 68

Mo e ol gy W S Cagon oy 3l@) 138 Je Jall 3 5ha 53c 22 gy #

A S iy oY1 baal sl (U e Ldiia Jea

YYA
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b Gaaall (i) (Kp) y (“imaa aes) [HA] Jpally el 13 #
3o [H'] il o @

R

O—a i o(weak acid) cumiall paeadl 38 5 Je Jo [HA] #*
Al b A (Kjp) dad Guas Cigmaa 4 Jlgudl

Example:
Calculate the PH of (0.1 M) aqueous solution of

hypochlorous acid (HOCI, K, = 3.5%10®).

Solution:

[H']= K, x[HA]

=y(3.5x10™) x(0.1)=5.95x10" M

= PH=-log [H']
=—1log (5.92 x 10”)
=423

Example:
Calculate the PH of (0.034 M) aqueous solution of HF "K,

for HF = 7.2x10™"

ARR!
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Solution:

[H]= K, x[HA]

[H])=y(7.2x10"*) x(0.034)=4.95x10" M
= PH=-log[H]
=—log (4.95x 10 =23

Example:
Calculate the percent dissociation of 0.16 M acetic acid

(CH3CO,H, Ka = 1.8x10™).
Solution:

] = X, x[HA]

=([1.8x107)x (0.16) =1.7x10" M

= Percent dissociation = M x 100%
[HA]

_1.7x10'3
0.16

x100% =1.06%

Yy.
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Example: l! ‘; " IE

Lactic acid (0.1 M) is 3.7% dissociated, calculate the value
of ka for this acid.

e K, 48 sl A Ay Sl (01 M) IS SLaSY! aea
.gaasll
Solution:

Percent dissociation = [H] x 100%
[HA]

37—[—H—]x100
0.1
= [H7=37x10°M

[H*]=yK, x[HA
3.7x10’3=,/K8x0.1
iad G al8l 31 loadl sk o i

(3.7x10°)* =K, x 0.1
K.=14x10"

AR
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2 gall
(Balses)
Ang8sacld dmaa b8
(strong base) (weak base)

slall (P JSo Jelins
"partial dissociation”

elally SIS UKy Jeli

"complete dissociation"

B:"+H,0 - HB + OH" B:"+H,0 5 HB + OH~
78| 1l
NaOH, KOH, LiOH, & ... F,CN, NH;, H,0
& Ca(OH),

iuedl sl ol PH lwa
Calculating PH for Strong Bases

[OH] = [NaOH] [LiOH] = 2 x [Ca(OH),]

YYYy
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Example:
Calculate the PH of a 5x1072 M NaOH solution.

Solution:

[OH] = [NaOH] =5 x10* M
POH=-1log (5 x 10%)=1.3
14 =PH + POH
14=PH+ 1.3
PH =127

Example:
Calculate the PH of a 3.6x10° M Ca(OH), solution.

Solution:

[OH] =2 x [Ca(OH),] =2 x (3.6x10%) =7.2 x10° M
POH =2.14

PH=14-2.14=11.85

Calculating PH for weak bases iiaall il PH cibws
A"™+H,OS HA+OH
_[HA] [on]
b
[A”]
K, = dissociation constant for bases ac! gl SlSi cyl

[A-] = concentration of weak base dim.all saclall S )3

K

saclill Juiid Kb [A-] digeaall 520Gl 38 5 Jgadly el 13 3
pdiasall o gl o8

Yyy
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Example:
Calculate the PH for a 150 M solution of NH;

(Kb=1.8x10).

Solution:

[OH] \ K, x [A]

= (1:8x107)x(13)
=0.0164
POH =-log [OH]
= log (0.0164) = 1.78
PH=14-1.78 = 12.22

Example:
Calculate the PH of a (1.0 M) solution of methylamine

(Kyp =4.38x10™).

Solution:
[OH-]=JK, x [A"]
[OH-]=/(4.38x10-)x (1) = 0.021 M

POH = —log (0.021) = 1.68
PH=14-1.68=12.32

Percent Dissociation = %x 100%

YY¢
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Acid-Base Properties of Salts

Acid + Base —»  Salt + Water
(Uaes) (32c18) (=) (sl)

Fi el dun ala Clius olliey 8 Jelil la e polill mld) #

1) strong acid + strong base — neutral salt
(65 Uaaa) (a0 529) (Jolaia o)

Example:

HCl + NaOH — NaCl + H,0
(neutral salt)

HNO; + KOH —» KNO; +H,O
(neutral salt)

2) strong acid + weak base — acidic salt

(¢ ) (Aush 518) (o> zla)

Example:
HCl +NH; —» NH,(CI

YYo
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3) weakacid + strong base — basic salt
(il (ass) (st 5l) (¢ gl

Example:

HF + NaOH — NaF

(basic salt)

4) weak acid + weak base — a)acidic (K, > K,)
b) basic (K, < K,)
¢) neutral (K, = K,)

K, = for weak acid (HA) (sl aeal)
K, = for conjugate base (A—)  (4& ol 32call)

Example:
K,forHF =72 x 10™
-14
=K, forF = Ky 1x10 —=1.39x10™"
K, 7.2x10

=PK, + PK, |

PK,=-1log K,
PK, =-log K,

Yva
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e rde K3 e sSy Aaaall 5ol S 5 gl Jacl 1Y
.@u‘s Jalu PJL?SB.}GGD (Kb) da o ‘éﬁ‘_).a.“ ua.s;.“Ka

Example:
Calculate the PH of a (0.3 M) NaF solution, the Ka value for

HF is 7.2x10™.

Solution:

Kw = Ka X Kb

1 x 10" =(7.2 x 10 x (Ky)
= K,=1.38x10™"

[OH-]= /K, x [A"]
=/1.38x10"'x0.3 =2x10-¢

= POH = - log (2x10®) = 5.69

PH =14 -5.69 = 8.31

e e JS e 055 Cimaall jaead) 38 5 gy ol 1Y #
LSS Jall o g 2 Ka ax g (Al 522Gl K,

Example:
Calculate the PH of a (0.10 M) NH4CI solution. The K,

value for NH; is 1.8x107,

Solution:

Kw = Ka X Kb

1x10™M =K, x (1.8 x10™)
K,=5.6x10"°

Yvy
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= [H*]=K, x [HA]
= /(5.6x10-°)x(0.1)

=75%x10°M
PH = 5.12

Example:

Predict whether an aqueous solution of each of the following
salts will be acidic, basic, or neutral.

a. NH4C2H302 b. NH4CN C. Alg(SO4)3

Allaie o 4peli g Lpuaals 2000 A3YT Jilase culS 1Y ad g

Solution:
(el + Jmeall) mle JS jaa LU o4
a) C,H,O; + NH; - NH,C,H,0,
(weak Base) (weak acid)
Ky=5.6x10"" K,=5.6x10"°
= K, =K, = neutral salt

b) NH; + CN™ - NH,CN
(weak acid) (weak base)
K.=5.6x10"" K,=1.6x10"
= K, > K, = Basic salt

c) Al(H,0) + SO} - AL(SO,)
(weak acid) (weak base)
K.=1.4x10°  K,=8.3x10™"
= K, > K, = acidic salt

YYA
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& fidia (gl (g fias AN 30 gl g 2 gand) Jullas
Solutions of acids or bases containing a common

ion

[A7] 4@ jall a52cly [HA] smaall paaasd 5 5 Dl 3y 1Y *
(PH) lual Ju ¢ ldl axiins (Kp) o (Ky) g

PH=PK, +log[[$:;‘]] i%:%

Example:
Calculate the PH of a solution containing (0.75 M), Lactic

acid (K, = 1.4x10™) and (0.25) M sodium Lactate.

Solution:

Lactic acid = HA
Sodium lactate = A—-
= PK, = -log K, = - log (1.4x10™*) = 3.85

= PH=PK, + log [[QA]

PH=3.85+log (E)
0.75

=3.38

Yya
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Example:
Calculate the PH of a solution containing (0.25 M). NH; "K,
= 1.8x107*) and (0.40 M) NH,CL.

Solution:
NH; =[A7] «——— Kb Jsuddl \d glaci

NH,Cl = [HA]
Kw:KaXKb

Ix10" =K, x (1.8x107%)
=K,=5.55% 10" = PK,=9.25
PH = PK, + log [I?A]]

PH=9.25+log (g)
0.4

PH=9.05

Buffered Solutions afiall (elaal)

pe Mg 3ae 8 f A )l 4520 e i Jaea (e (0 5S Jslae g
aie (PH)—b it (g aliys il (oY) o (o) pall diaaa
(OH) ausS gyl o5 o (HY) ciligi g dils)
Example:
1) CH;COOH / CH;COONa
2) HF / NaF

3) HCN/NaCN
4) NH; / NH,CI

Yy.
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va—es HCI oY abic Jglaa 058 o e 28 HCI/NaCl Ll
.(strong acid) s

HA +H,0 SH;0" +A” (adaiell Jslaall)
Buffered solution

Je il anly @lliyy 23 [H3O'] 585 O 5 8 s Al 2ic #
td g Lae il

[HA]T , [AT]Y
Jelial) 4ty dlyy Jiy [H307] 585 ol 48 5206 dila] 2ic #
tsll (o Laa (il
[AT1T ., [HAJY
: aidly

+JE6 (A7) saeldl y 3y 3 (HA) pasall (8 jaes dilia) vic #
-Jiy (HA) Laeally da 5 (A7) saclall (6 52018 i) i
) pa b o] bl G A Lol 4l aliiadl Jglaaly Ja
gl sae i) meadl dila) 2 [AT] ¢« [HA] claa
Example:

Calculate the change in PH that occurs when (0.1 mol) solid
NaOH is added to (2 L) of the buffered solution (0.5 M HF,

0.72 M NaF, K, = 7.2x10™.

™
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NaOH (e Jge (+,)) dila) 2ie PH ) dad 3 Jualadl il Cuiial
0.72 M « HF 0.5 M) (5—e 083 (2 L) 4nna aliia Jolaal cilial
(K.=7.2x10" « NaF

Solution:
NaOH 4L} Ji PH (!

PH =PK, + log [[21;]]
PK,=-log K, =-log (7.2x10*)=3.14

PH=3.14 + log (92] =33
0.5

NaOH (e J3e 0.1 8L} 2y PH (Y
Ny, =MxV =05x2=1=1mol
n,.)= MxV=10.72 x 2 =1.44 mol
adlayl 33 (A7) (HA) @Y g0 220 ouns #
Jabe LB HA b A7 Y e ax Gli (NaOH) dila) aic
Ailadl NaOH &Y ge 2
n =1-0.1=0.99 mol

Ny = Nya ~ Nygon

aal)

n,_=n_+n,, =1.44+0.1=1.54 mol

3l

= [HA]=2 =22 _ 0495 M
Vo2

Yyy
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[A ]——=——077M

o]

= PH =PK, + log [HA]

PH=3.14 +log (Mj =333
0.495

PH,,,. =[3.3-3.33=0.03 (ia Ty )
PH 34 udd

chnage

Example:
Calculate the PH of the solution that results when 0.10 mol

gaseous HCl is added to (1 L) of buffered solution (0.4 M
NH;CI), (0.25 M NH3), (K, = 1.8x107).

Jsladd (HC1) e e Jse (0.1) dla) (0 0S5 Jsladd PH coal
0.25 M NH; 0.4 M NH,CI) 05— 03— (1 L) pmsas plii
(Kyp=1.8x10"

Solution:
(HCI) L} Ji (A-) ¢« (HA) <Y 50 222 s
wa =MxV =0.4x1=0.4 mol
n,. =MxV=0.25x1=0.25 mol
ALY ang Y gall 22e Cons ¥
Jis (A7) 5 323 (HA) <Y sa 22 o8 HCI Zils) xie
n, =n, +n, =04+0.1=0.5 mol

Saad)
YYY
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n_=n_-n,, =025-0.1=0.15 mol

AT A
yaall
HA]=2=22_o5Mm
v 1
A ]=2=2 015 M
\ 1
K, 1x10™

=5.56x10"" = PK_, =9.25

‘K, 18x10°

PH=PK, +log [LI:A]]

PH=9.25+ log(oo;lsé) =8.73

Buffer Capacity abiddl Jglaall dau

Joladdl agis g3 (OH) 2S5 pued o5 of (HY) lisisod S a

PH I Je bale it ()90 aaliaich alaiall
Amount of protons or hydroxide ions the buffer can absorb
without a significant change in PH.

JAT] 5 [HA] 4aSs dadaiall Jglaall daw 223 #
# The capacity of buffered solution is determined by the
magnitudes of [HA] and [A7].

Yve
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Example:
Calculate the ratio ([HA] / [A"]) required for benzoic acid
(Ka = 6.4x10) and it's sodium salt to yield a PH of 4.3.

(PH =14.3) 4l Jslaa £y 3 jall acnan s (K, = 6.4x10°)

Solution:

PH =PK, +log [LI::A]]

PK, = — log (6.4x107) = 4.194
43=4.194+log [A°]

[HA]

log--[A—-] =3.4-4.194

]

log-iJ =0.106
HA

=

A7) = anti log 0.106
HA]

AT e
HA]

= [HA] = —1—— =(.78
A 1.28

Yvo
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For a 0.18 M solution of propionic acid (CH;CH,COOH)
with a Ka of 1.34 x 104, encircle the correct statement:

a. the molar concentration of H;O" is 6.44 x 102 M.

b. one cannot assume that [H;0"]=]JCH;CH,COOH]

c. one cannot assume that the equilibrium molar

concentration of propionic acid is equal to 0.18 M
d. the pOH=11.69

The correct answer is (b)

Calculate the pH of a 0.20 M sodium floride solution.
The acid dissociation constant, Ka, for HF is 3.5 x 10°

a. 8.38 b. 5.62 c.2.90 d. 74

The correct answer is (b)

The solubility product constant for Mg(OH), is 1.5 x 10
"1 encircle the correct statement.
a. the molar solubility of Mg(OH), is 3.2 x 10* M
b. in a saturated solution of Mg(OH),, the molar
concentration of [OH]is 1.5x 10°* M
c. the pH of a saturated solution of Mg(OH)2 is 10.51
d. all of the above statements are correct

The correct answer is (b)

Yya
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Calculate the molar solubility of Pt(OH), given that its
Kspis1x10™%

a. 1.36x10"*M

b. 1x10"M

c. 1x10M

d. 5x10°M

The correct answer is (a)

Use activities to calculate the molar solubility of Zn(OH), in
a solution that contained 0.017 M K,5p=0,, given that the
Ksp for Zn(OH), is equal to 3.0 x 107

a. 6.2x10°
b. 5.3x 107
c. 3.8x10*
d. 1.9x 107

The correct answer is (a)

Solution:
K,SO,—2K ++80,”

0.017M 2x0.017 0.017
=0.034M

U= %((0.034)(1)2)+ ((0.017 (-2)’) = 0.051=0.05

Yyv
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Zn(OH),, === Zn~ 4+ 20H
X 2X
Ksp=(a, .)(a,,.)
Ksp=(y,.) (7, )" [Zn”}[OH ]’
H=0.05 xic y af Jany (53l Jgaall g
= 7,.=048 Yo =081

The solubility product constant for FeS is 8.0 x 107,
Calculate the equilibrium solubility of FeS in a solution
with a constant [H;0"] of 1.0 x 10°* M given that.

H,S + H,0 =—=H,0" + HS K,; = 9.6 x 10,
HS + H,0 =—=H;0"+S* K,; =1.3x 10",

a) 3.5x 10* M. b)6.2x 10" M.
¢)3.9x 10° M. d) 6.8 x 10° M.
e)2.5x 10° M.

The correct answer is (e)

The solubility products for a series of iodates are:-
AglO; K,=3.0x10"°
Sr(10s), K,=3.3x10"
La(103); K, =6.2x 10"

YYA
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The order of decreasing molar solubilities of these
compounds in water is :-

a) L&(IO3)3 > SI‘(IO3)2 = AgIO:;

b) La(I05); > Sr(103), > AglOs

c) AglO; > La(IO;); > Sr(I0s),

d) La(IO3)3 = SI'(IO])z > AgIO3

e) Sr(I0s), > La(IO;); > AglOs

The correct answer is (e)

Solution:

1)

Aglo,, =— Ag+ + IOJ-
X X

Ksp =[Ag"] [105]
3x10%=(X)(X)

= X=+3x10" =1.73x10" M

2)

SK(I0,),, === Sr~ + 2IO,
X 2X

Ksp = [Sr”’] [10, T

3.3x 107 =(X) (2X)?

33x107=4%°

-7
:>X=-;/§'3L410— —435%10" M

Yy4
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3)

La(10,),, === La’

&+ 310,

X 3X
Ksp = [La"] (1057
6.2 x 10? =(X) 3X)*
62x101%=27%x*

-12
= X=4"22—;71l— =6.92x10* M

=81(10,), ) La(l0,), ) AglO,

Molar Solubility T

g

Cilsadl g ol il
0795306216

Yéo



RS SN BN I DU & U flayl plida

duundlal) 32 )
Chapter Six

s A gSh el s
et O\ !

Effect Electrolytes on
Chemical Equilibria
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equilibrium ) o) 3=y Gl 9 Qs b Lilalad IS ALl Claa gl 4
Molar ) ¥ s—all 3—S Al 1l a0 8L, (constant
o=l Sl s 58 a1 of ja e J sall (concentration

CJslsall Jads salall

sy S e deliy A 26 el JE g Ban gl s34 3
J—alisalall —saal 3 Kl e Ju Ay (activity (a)) ddeldl
activity ) ilelll Jales e Alelill slsy aubi 5y «Jslaal

([A]) 33lall (5 Y sl 38 5l 4 (coefficient (y)

Ju s ¥ sall S Al alasand aglains Jlladll o384 SN ((solutions
Ale

|y ase S-S &bl Gas gl i (Electrolytes) <ibisdl ,ob ol
(hluall A jdle JS2) Jay 3 (common  ion) ¢ sdddl oYU
by Jstaall 8 il 3L A0 G pd g saa gl 030 4
Jalae e bl W3k, (Tonic strength (W) 451 558 sy

Adeldl e dlly (activity coefficient) dde il

YEY
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Such equilibria are also affected by the concentrations of
electrolytes in solution that may not participate directly in
the reaction.

Sl Sl ad Ll (3l Cud 55 e Jalais US AL claa )
...... , Ksp, ) *s (Thermodynamics constants) 4, jal
Aeblaa i ([A]) @Y sal 5SS e ades il 3y (Kb, Ka

Example:
Ka < HONAT]
[HA]
ALdaill 2 sl Lggle (3lhy Cud 9 poa Lilla () 9Saua B2 gl 030 i L
N~ i (.....,Ka‘ ) Kb‘,Ksp‘) s»s (analytical constans)
Ablaa 6 Adeli) e

Example:
Ka — [aH,O‘ ] [aA ]
(3]
@Y sal SN 8 Aiaidia 360 5 die 4 saa gl oda Ay 8 Ll LS

g yad Al Cul 2 et iy e il g 5 gy

et
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analytical ) A—ldsill & 2y (Thermo dynamics constants)
alaaill o8 T 9.“:\1\ (a.u‘)]\_, Sbgludia (constants

16
l ! | :
H |A %1 10
| I i %
H ! H
32 ; ! i ; :
: L
P ; i ; .
ER i ! J ! EEits
é o) j / : | i /
£ ; i / /ﬁ
5 i ‘
£ ! : :
2 ; ! i P
< g T
z I |
§ CR =175% 1073 “%—
1 (ZETA i i )
é 8 i 7 . ; KL = 0H
- | P |
! :m ' ; f
13— K=l iy : i
R gy ﬂ
A T

i s e+ 193 1972 1.;-)-‘
Concentration Nall, A

The effect of ionic strength

A1y Jelaall o Leiad g g 380 5 i L2l Go s g
(Ionic strength () a9 5 sl o Lo il

U =%([A] Z,'+[B]Z,’ +[C]Z." + ...

Yéo
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[A], [B], [C] = concentration of the ionic A, B, C.
A,B, C <l i 38 5

Z = charge of the ions < oY1 diad

Jstaall b i) paead 40830 5 8 il (65

oax (solubility) A8 8l 5 o e J6 daw 038 JaaY
(KNO;) 38 s abuiall (1) a3 531 (5 5ally LS sl

34 ; . —
| T
: BaSO., y’xm‘
| / i
> 20p | —
= | H R 3
| ! AgCL M 10° |
3 ¥
5 f IBa(lOy)., M § 10° ¥
= LD ; n : :
2=
| o
l i i :
o | LT

0 001 0602 003 004 005
Conczniration KNO,. M

S3S3830 30) (1) A—gigY (o il ) LS add Ayl 038 (e daallig
(Solubility) 41l <als 3} (KNO;

[KNO;] T = p T = Solubility T

\ga
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Example:

Calculate the ionic strength of:
(a) a 0.1 M solution of KNO;
(b)a 0.1 M solution of Na,SO,

A4 Y (5 8 ol
KNO; 0= (0.1 M) S Jslas (a)
N2,S0; e (0.1 M) S5 Jslas (b)

Solution:

+ -
3 KNO, —> K. + NO,_
0.1M 0.1M  01M
JalS elas a5y

,u=%[(0.l)(1)2+(O.1)(-1)2]=O.1M

-2
b) NaSO, — INa + SO,
0.1M 02M  01M

\

L= % [(0.2) ()2 +(0.1) (-2)2]= 0.3M

Yev
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Example:

What is the ionic strength of a solution that is 0.05 M in
KNO;and 0.1 M in Na,SO,?

™Na,SO4 (s (M

Solution:

Jslaall i b (€ 5all IS 35my Taads

KNO, —> K+ NO,
0.05M 0.05M 005M

-2
Na,SO, — 2Na + SO,
0.1 M 02M 0.1M

y=%[(0.05)(1)2 +(0.05) (-1)* +(0.2) (1) +(0.1) (-2)*]
=0.35M

Shillg (s & 5 caa a0 Ay (1) L1 sl dlay galaian
tJgaal 132

YEA



L adhele S Nty pliod

Effect of charge in ionic strength

Type Ionic
Elec.rrl':)lyte Example Strength*
1:1 NaCl c
1:2 Ba(NO,),, NA,SO, 3c
1:3 Al(NO3)3, Na3P04 6¢
2:2 MgSO, 4c

*c =molarity of the salt

el S 38 5 B (c)

S sall 38 5 e 5 yilsa (1) As¥) (5 08 s LieUniuly 4 Baadls
ol
Example:

a) 0.1 MKNO;,
KNO; (1:1) = p=c=0.1 M

b) 0.1 MNa2$O4
Na;80, (1:2) > p=3¢=3x0.1=0.3

c) 0.1 M MgSO,
MgS0O, (2:2) > u=4c=4x0.05=02M

YéSQ



ay = [X] v«

ps
-

A

ail) ela - <

U gl gl

Activity coefficient (y) Llclil Jalaa

Aol Jalass ([X]) ¥ sad S8 0o (a)p Adelill lua gl

1Al Aoleall Caua (y)

s 3 yall G0V g 539 A g 5530 e slaie YUy, day ki g
- I gl s 4l e Gl

Activity Cofficients for ions at 25°C

Activity Cofficients at Indicated Ionic Strength

Ion a,,am | 0.001 | 0.005 | 0.01 0.05 0.1
H;0' 09 [ 0967 0934 [0913] 0.85 | 0.83
Li*, CgHsCOO 06 | 0966 [ 0930]0907 | 0.83 | 0.80
Na*, 10y, HSO,, HCOy, | 04-
H,PO,. FLASOy, OAC 045 | 0965|0927 | 0902 | 082 | 0.77
OH’,F, SCN, HS,
ClOy, CIO,, BrO;, 105, | 0.35 | 0.965 | 0.926 | 0.900 | 0.81 | 0.76
MnO,
K*, CI, Br,I', CN, NO,
' NOv, HCOO' 03 | 0965 0925|0899 | 0.81 | 0.75
Rb".Cs", TI', Ag",NH,” | 0.25 | 0.965 | 0.925 [ 0.897 [ 0.80 | 0.75
Mg”*, Be* 08 | 0872 [0.756 | 0.690 | 0.52 [ 0.44
Ca™, Cu”, Zn*, Sn™,
Mn**, Fe?*, Ni**, Co**, 06 | 0.870 | 0.748 | 0.676 | 0.48 | 0.40
Phthalate”
Sr-,Ba”,Cd”, Hg”,8” | 0.5 [ 0.869 [0.743 [ 0.668 | 0.46 | 0.38
sz*z,+ cof'z, sof,zczo,:' 045 | 0.868 [ 0.741 [ 0.665 | 0.45 | 0.36
He, ', SO7 8,055 Cr™ | 40 | 0.867 | 0.738 | 0.661 | 0.44 | 0.35
’HJ{’O‘ I+ I+ 3+
‘él;: Feo, G, Lavh | 69 | 0737 | 0540 | 0.443 | 024 | 0.8
PO,”, Fe(CN)¢" 04 | 0726 [ 05050394 0.16 | 0.095
Th, Zr"", Ce¥', Sn* 1.1 0.587 | 0.348 | 0.252 | 0.10 ! 0.063
Fe(CN)s~ 0.5 ]0.569 | 0.305 | 0.200 | 0.047 | 0.020

Yo.
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(12 75) Adelil Jolaa i o585 Lalls

Jalae raas (very diluted solution) Jslaall haa Laidie 3 5 aie
¢ Y sall 5SSy (ay) el (e JS (5 gl Sl aal (g sbow Alelal
)

ax = [X] ¥«
at very diluted solution = y,= 1
= a, = [X]

O (o5 Sllualdl 8 Aol ae Jaladll 44 e Jha clacy
(Solubility product constant (Ksp)) 4l i Juals cuyls

-n

—_—w mX + nY'm
~T————

m  n(s)

= Ksp = (ay)" (a,)"
ol Sy
ay = [X] vx
= Ko =[XI" 7" [YI" vy

Ko =1y, (4" [T
Ko=7vx vy Ksp
e

IS A
Concentration solubility
product constant

3l Saalipall 030 e Juala
Thermo dymanic equilibrium constant
dhaall e ade Juasile g

Aol Jglaall e bass Al i oS Ade il cBlalaa & =7y, Yy

Yoy
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(y) Llelil Jalas clie

Properties of activity coefficient

a5asal YL W2 DS et a0 0 G Ao il Jalas .Y
LAa8

-

The activity coeffient measure the effectiveness with
which that species influences an equilibrium in which it
is aparticipant.

(1) 0o S (y) el (ke LS L) fan paidie 3 5 vie
(Ko = Kp') o= Lad (5235 (a=[x]) oo o ) (g3 1305

(Kv=Ks') ( Ka=Ka')

o= o adiey () 0 Y1 Aagda ading ¥ 5 5a Y Dol Jalaa .Y
cJslaall 4 oY1

The activity coefficient for a given species In
independent of the nature of electrolyte and dependent
only on the ionic strength.

a3 el 5 oS A gendd) Linll adl ) LK jaa el Jales .Y
Akl 238 e 00N Aawsyll g 41 Aol Jeles
Activity coefficient of an ion departs farther from
unity as the charge carried by the species increase.

Yo¥Y



Ll adhsley € Nejagy rlid

1.0 - -
| i
- , i
P~ ! +
- 08 . ———
AN |
S 0.6\ :
14 H
3 .
E 0'41 | i
g .
502 {
<
0 e
0 0.1 02 0 0.4
n

da it 03 e daad
Charge T=> nu T= vy |

ot il aig (1) gk Dsaddl e iy sall el Jales . §
Jsladlly i ) (s il A

Activity coefficient of uncharged molecule is
approximately unity regardless of ionic strength.

ol ARG Diall) b Al i @l Y 8 A5 ) (5 8 i e .0
Gl g0 Aol Jalas pf Jany 53 Jgally (y) Aol Jalaa
.akaaill 52a cm_,g

At any given ionic strength, the activity coefficient of
ions of the same charge are approximently equal.

Yo¥Y
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The Debye — Hiickel Equation.

dind e rae 00 (y) Lol Jalae Slua Alslaall 238 (e apdiiasd
;gjm&@,updmj

7x = activity coefficient 4leldll Jalaa
Z, = charge on the species x ¥ Lia
u=ionic strength of the solution Jsaall 4 Y1 (5 5l
a, = effective diameter of the hydrated ion (x) (nm)
(nm) 53 g3 Al (x) O Jladll ladll

Example:

Calculate the activity coeffient for Hg®* in a solution that has
an ionic strength of 0.085 M. use 0.5 nm for the effective
diameter of the ion.

(b Agisd 58 iy Jslae AHE™ 0o Lelill Jalae ana
il 51 kil 4aiS (0.5 nm) aasiul ¢(0.085 M)

Solution:
2
2y, .= 0.51(2)* 4/0.085 0397
& 1+3.3x0.540.085

Yot
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aie 4 Lo ol (yx) ad b o2 Bl Jeaad ) e
AN 136 Ay A Aad 85 (0.4 = (Yugs) 3ad o Liaa sl (M=0.085)

Alolil Jalas pladdedy o 5 Sl
Equilibruim calculations using octivity coefficient

@‘ﬁﬁj@éﬁ&aly&cm‘yiumuv‘c.mj B g
S Al Ja (a) Ade il dlassuly oS o) B

Example:
Find the relative error introduced by neglecting activities in

calculating the solubility of Ba(I0;), in a 0.033 M solution
of Mg(10;),, the thermodynamic solubility product for
Ba(I0;), is 1.57 x 107,

Ba(I03); 4y lass 8 Al Gida e il panatll Uasd) o
:Ba(103); — (Ksp=1.57 x 10°) &)} jall & Ssalinll 4yl

Yoo
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Solution:
Oy sy LA iy 2 g8l o g
cluall Aglee 3 ([ ]) SN Alasialy b Al &3kl ()

Ba(I0,),, === Ba. + 2IO,

3(aq)
X 2X

+2 -
Mg(lo_g)z(ﬂq) -_> Mg(s) + 2 103(aq)
0.033 M 0.033 M 0.066 M

= Ky = [Ba™] [105;
1.57 x 10° = (X) (0.066 + 2X)

faa 5 s Ksp dad o s

1.57 x 107 = (X) (0.066)
=X=3.6x10"M

S O (a) Aol pasiud a y sl 4kl (Y

Ksp = (apa+2) (aloa-)2 )
Ksp = (Yser2 [Ba"™]) (yios. [105])°
KSp = (Ygas2) (Y103.)° [Ba™’] [1057]

YoR
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Ks v -
B =[Ba”][IO,]
(}/Ba‘I ) (}/10‘-)
KSp‘ g_,Lu:i g“)
&Y (1) e il Glaa e 3 (Y103.) (YBas2) 0o IS e s
Gl sl 350
+2
Mg(0,),,, —> Mg, + 210,
0.033 M 0.033 M 0.066 M

U= % [0.033(2)" +0.066(-1)*]

=0.09M==0.1M
Gl Jsaall 50 gally

'YB11+2 =(0.38
Yios =0.77
1.57x10°
(0.38)(0.77)° = (X)(0.066 + 2{)‘2

6.97x10"° =(X) (0.066)’ ‘
X= 16x10 M

(3.6x107)- (1_66x10 )xlOO%
1.6x10
=-77%

Relativeerror =

YoV
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Example:

Use activities to calculate the hydronium ion concentration
in a 0.120 M solution of HNO, that is also 0.050 M in NaCl.
What is the relative percent error incurred by neglecting
activity corrections?

0.120 ) 38 5 Jslan (g8 pgsigyued o S5 Cluad Zdelill sl
L bsl 5 a Loy NaCl o0 (0.05 M) Laf (5 5305 HNO, (0 (M
(Ka=7.1 x 10™) 8 b slassd y Glelill Jadiul pae die il

Solution:
3853 e slaeYU [H30] cluny 580 ()

HNO, + H,0

o~ N0 J[H,0°]
[HNO’]

NO, + HO'

AL Slas gl e S

[H,0"]=Kax[HA]

[H,0"]=v7.1x10* x0.12=9.23x10" M

Aelill plasnly
Sl ol Balai 5 Y 5 (Ksp') s ang

YoA

(T
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(1,5,
(@m0,

_ (7 INO,] (70 +[H,07))

- (Fiovon Hyo, 1)

Ka 7o, _[NO,] [H,0']

Vo Yovn  [Hiyo,]

Ka=

Ka

(YNO2-» YH30+ YHNO2) Aslelill slagY (1) Slusy o
NaCl —» Na + CI
005 M 005M 005M
n= %[0.05 (1) +0.05(-1)’]1=0.05M

Ghaad) e Ll alae Jg2a e

Ynoz2- = 0.81
Y30+ = 0.85
Yenoz = 1 (Usaall 335al) (5500 Jolaia £ 30 45Y)
4
Ka'= 22107 XT ) 030107
0.85x0.81

= [H30']=Ka'x[HA]

=v1.03x10° x0.12=1.11x10> M

(9.2x10°)-(1.11x10?)

STITE x100% = —17%
. X

Relativeerror =

YoAd
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Encircle the correct statement

a. the concentration based solubility product constant is
always lower than the thermodynamic Ksp.

b. For a solution having a constant ionic strength, the
activity coefficient for Zn** is higher than the activity
coefficient for Na”

c. Activities are always lower than equilibrium molar
concentrations in the presence of an electrolyte.

d. An infinite dilution, one should perform equilibrium
calculations using activities not equilibrium molar
concentrations.

The correct answer is (c)

Encircle the correct statement

a. Activity coefficients decrease with increased charge

b. Even at high ionic strengths, the activity is equivalent to
the molar concentration for a molecule such as
CH;COOH

c. Values of the thermodynamic equilibrium constants
approached the concentration-based, only in low ionic
strength solutions.

d. All of the above statements are correct.

The correct answer is (a)

Y.
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Use activities to calculate the colubility of La (I0;); in
0.0167 m solution of Ba(NOs),, given that Ksp for
La(10;);=1.0 x 10"

b.3.3x10°8 a.81x10°"
d. 6.6x 107 c. 1.4x10° M

The correct answer is (c)

Solution:
BaNO, —>Ba” +2NO,’

0.0167M 0.0167M 2x0.0167=0.134M
:>,u=%((0.0167)(2)2) + ((0.134)(-1)2)

La(103),, —>La" +310,"

X 03X
Ksp (aLa™) (alO, )’
Ksp=(7La")(0,)3[La"][IO, |

fﬁ ﬂ;.’{'é.\;_,}} jswﬁzt‘iﬂ—djﬁi—m

=y.,=018
Yo, =0.78
1x10" =(0.18)(0.78)' (X)(3X)’

-1t
X=4 Ix10 =1.44x10"
(0.18) (0.78) x27

Y
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Encircle the correct statement:

a) The concentration based solubility product constant is
always lower than the thermodynamic Ksp.

b) For a solution having a constant ionic strength, the
activity coefficient for Zn’* is higher than the activity
coefficient for Na™.

c) Activities are always lower than equilibrium molar
concentrations in the presence of an electrolyte.

d) At infinite dilutions, one should perform equilibrium
calculations using activities not equilibrium molar
concentrations.

The correct answer is (c)

Use activities to calculate the [H;O'] in a solution of 0.50
M benzoic acid in the presence of 0.025 M MgSO, (the
thermodynamic equilibrium constant, Ka = 6.3 x 107,
CsHsCOOH ------ 2> C¢HsCOO +H".

a) 8.3x10°M b)9.2x10°M  ¢)0.021 M

d) 6.9x10° M e)4.0x 10° M

The correct answer is (d)

Yy
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Solution:
MgSO, — Mg” +80,”
0.025M 0.025M  0.025M

. %((0.025)(2)2 ) ¥ ((0.025)(-2)2)
~0.1

(aH,o‘ ) (aC,,H5COO')

Ka =
(aC‘,H,COOH)
ko< Tuo) Veper) [H,07][CH,COO]
(Y ¢..coon) [C,H,COOH]
(1=0.1) e (y) p Sl Jsaall ) 32 9a14
= Vo = 0.83
7 nscoon: = 0-80

Y cn,coon = 1 (i.bla.’u sala Lq.&)
6.3x10° = (0.83)(0.8) [H30+][C6H5COO']
o 1 [C,H,COOH]

K’ 6.3x10°

A= — — _ =0488x10"
(0.83)(0.8)

= [H,0"] = vVK'a x[HA]
=/9.488x10° x 0.5
=6.88x10° M

Yy
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Chapter Seven

Baiaall dLBBM ) SN JSWa Ja

Solving Equilibrium problems
for complex systems

Yio
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ot gD il b e clisd s e dllia o 6$ oY) Gigaa 2
Jelil e ails Jelis Clig¥ly Sl all o3 Siaay By o Y
Lalall COle il 38 48 jea (e Y Gl () YY) B Caany A ot )

O e el

Example:
+2 -2
BaSO, ——— Bam) + SO“W ....................... (D
SO, + HO ===== HSO, 4 HO  crmrnnen @)
2HO === HO + OH . (3)

3T (BaSOy) caud ) () el oSl S J3¥1 ¥ aladl
sacliad e Jalay (SO47) i phas LS5 (SO, + Ba™) (e JS iy
Sl 333 sall (H307) pssisyuel s o Jelits (weak base) dis

(3 A oladl) clall

Uslaall caua sHSO4™ (I Jsa3 28 SO47 (g Jaguws ¢ ja of Laadls LS
LaaY b S

Ja 48 el L6 jae DA e (A ke Ll a8 Cagu Y1
Nalaall e g glt 130 e

Yy
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ANl 45 pe ¥ ILaa (9
Mass-Balance Equation

o 51" ele gl udi B 0 5S5 g1y il jadl S (8 Al LS
Yo TESH 253 ga Y slan 8 30 A0 pasid audiios 3 "anal
Y gl 22 (e

Analytical Concenration (A) Llasl 3 gl 5 Leie il
e 5 pdllia ADle 8 aubiinss Lganny (055 plias of Lgumnd

.5_)55]‘ 0da c_..a‘,:\ ﬂ.f“:'n &Jt\-ﬁ“j e
Example:

Write mass-balance expressions for a 0.0100 M solution of
HCI that is in equilibrium with an excess of solid BaSO,?

O =3 54 (0.0100 M) 38 s (HCI) Jslaal ABSH 53 ga yaas S
§ BaSOy il ) (30 329 ) 4uaS ps

.BaSO4(SN—=_L Bam) + SO““U ....................... ¢))
SO, 4+ HO ===== HSO, 4+ N0  .rrcn (2)
2HO ===~ HO + OH .. (3)

YA
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Solution:
o (1) A8 Alaall (e Jaadls
[Ba™] =[SO, ]

A (HSOy) hnd H3O™ pe delis Ji s LS 3y ol (SO?) o
:gl\.‘dl s

[Ba™’] = [SO,?] + [HSO,"]

I dan ob J glaall |.JA‘;[H3O+] las
) s HCI 5 51 Ganall Jal€)) I (e ()
HCl + HO=—3 HO + CI

0.01 M 0.01 M
ol giians (3) A Asleall e (¥

[H;0"] = [OH]
[HSO, '] it [SO4?] o Jolis [H30'] g ¢ 3 oS

[H;0"] = [HSO,']

[H;0°]1=0.01 + [OH] - [HSO,"]

ob g Sl

AESH &5 3 gal piilalas Liaa L Jasdl

Y14
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Example:
Write mass-balance expressions for the system formed when
a 0.010 M NHj; solution is saturated with AgBr.

Here, equations for the pertinent equilibria in the solution
are:

AgBr, === Ag 4+ Br . (1)
Ag 4+ NH,—> AgNH, (2)
Ag(NH,) + NH, === Ag(NH,)\ e (3)
NH, + HO s—== NH, + OH .o (4)
2HO === HO + OH . )

g—a (0.010 M NH;) (s ¢ 5Saall pUaill 13¢) AESH 45 ga pans i
?(AgBr &-h-n‘_))
Solution:

rosSe of (1) pi) dladd) e Juat)
[Ag'] = [Br]

(Ag(NH;)") giad (2) pi, alea s [NH;] g Jelis [AgT] oS
gl ((3) a8 isles) s a1 5 NH3 g Jelii o3 53l
.(Ag(NH3)2+)

YV.
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PG Gas 13a e

[Ag'] + [AgNH;"] + [Ag(NH;),'] = [Br]

i3 05 (0.010 M) ¢S L5 (Coups) sl 5580 (s Il 000
5 138 5 (4,3,2) <¥alad) S Sl NH; o8 Jela

0.01 = [NH;] + [NH,'] + [AgNH;"] + [Ag(NH;), ]

2S5 3ed 5 Cnodas 22 s Bl (5,4) Oilalaall (e

[OH] = [H;0"] + [NH,]

(N gadl 138 8 RSN 53 gl Y alus DB alayl Lindsiad

il A5 3) ga ;U.\Li.a('l’
b oS lia L () oS olas o Jslae “53 ‘éji.«:a\.:
(7) LD daall 5€ 5 = (+) Da gell Lal) 38 5
No. mol/L negative charge = no. mol/L positive charge

Sl a5 400 ARYI

YV
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Example:
Write a charge-balance equation for the system:

AgBr, =——= Ag++ Br e, (1)
Ag + NH,—3 AgNH, s 2)
ABINH) + NH, 5= AgNH)! o 3)
NH, + HO <=== NH, + OH e (4)

2H,0 <===—== HO + OH

£ N alall dall 453 pe Y olaa i
0955 Eimng oo S sl Aiadl Ailhall Aa@) (i Ly
.k e (anions) iy ik e (cations) dus sal) <l )

[Ag’] + [Ag(NH;),"] + [Ag(NH;),"] + [H30"] + [NH,'] =
[OH] + [Br]

Example:
Write a charge-balance equation for an aqueous solution that
contains NaCl, Ba(CIO,), and Al,(SO,);

Yvy



PO S T W DU S P

Solution:
[Na'] + [H;0'] + 2[Ba'] + 3[Al*"] =
[CIO4]+ [NOyT] + 2[SO,*] + [HSO4] + [OH]

ALy (SO, s 53 el Jglaall il 45} 3o Alslas 5
Ba(Cl0,),, NaCl

Solution: '
MR K WY IRIGERT IS
2HO =—— HO + OH
NaCl— Na 4+ CI \@
Ba(ClO,), — Ba  + 2CIO,
AL(SO,), — 2AI" 4+ 350,

<2 + -1
SO, + HO === HSO, + HO

2

O Dl Y1 Y e 22ay g Y Ll Al 453 g Aolas 341S
adh W3S i g Lgtindy

[Na'] + 2 [Ba™] + 3 [AI"] + [H;0']= [CI] + [ClO4s%] + 2
[SO,?] + [HSO,'] + [OH]

Cared)  Cooramsd

Yvy
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L) 39 B padali A JSbal) (da (Ja) e
Steps_fpr Solving Problems Invovling several
Equilibruim

~aall gan panall Cuay A5 ¢ gall Ol L) Aaax <OSH LY
Write a set of balanced chemical equation for all pertinent
equilibria.

S ANy o Y o sl dpeS apad Jea) LY
State the quantity being sought in terms of equilibrium
concentrations.

s Y eDlelis aanl (Ky, Ky, Ko, Ky) S < oo oy
(1) a8, kil 4l S5

Write equilibrium constant expressions for all equilibria
developed in step 1.

AUl ABSH 453 g0 Aloles iS¢

Write mass-balance expressions for the system.

plaall Zia )} 45 ge Aalae ST (K4 1Y L0
If possible, write a charge-balance expression for the
system.

Yv¢
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ax e 5 (unkwon concentrations) i geaell 381 Al 3o caa) %

;S 13l (independent equations) <Y sleal

dall JoSi = dalaall 220 < ¥ aleddl 2ae (A
Jalldld He AS2A <« Jaalaall dae > SYal_adl 2o e (B
" Problem unsolves"

e J &l (Suitable approximation) d—ulie Sy & Jas} .V
Jedad Ao P e alead) oo Sl Lalall

Gaula 3 3ea e olaieYU Ly Jalaall ey coled) Jay o8 LA
R

(7) b skl & 4 Caad (g jiall daua e S L9
Check the validity of the approximations.

Yveo
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wrile balanced
1. chemical
equations

1

Sct up equution
2. tor unknown
quantity

!

Write equilibrium
3. constant
expressions

1

Write mass
4. balance
expressions

1

Write chrge
s. balance
exprecesion

1

Count no. of
(- cquations and
no. of unknowmns

1

Is
no. equations
= unknowns

STOP
problem uasolvable

v}

Make E'S
2. suitable L
approximations Again

1

Solve equations
B. for
unknown

1

approximations
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Example:
Calculate the molar solubility of Mg(OH), in water
(Ksp=7.1 x 10

(Kp=7.1x 10"?) el & Mg(OH), oS jal &Y sall 22l Cansa)

Solution:
Jadé ablae sl aa g (Write equations) o) 5Y1 <Y alae IS5 )

Mg(OH), === Mg, + 20H_ .o (1)
+ -
2HO ——= H3qu) + OH(““ ................ (2)

\

s Lia Jgeaall (Define the unkown solubility) Jseaall aa5 .Y
Mg(OH), — (Molar solubility) &Y sl 4530

Solubility of Mg(OH), = [Mg "]

cJstaall 138 g o paaa ad (Y [OHT] S s il Jay 5 o) o

Yvy
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Write all equilibrium-constant ) ¢} 3=y ca g3 s 35S ¥

(expression
Ko, = [Mg?][OHF=71x10"........... (3)
K.=[HO'T[OH]=1x 10" ... 4)

AESH 45 ) g Alslase 405 L8

Write mass-balance equation.

i (1) Alaall b0 38 5 OIS Cumy ¢y yaae 4 [OHT] o Ly
(2) 4L Al 3 [H307] 585 bstaey Mg
[OH]=2[Mg™*] + [H;0'] ........... (5)

Ziall 433 e Alolee 44LS .0

Write charge-balance equation.
[OH] =2[Mg"] + [ H;0"]

238 U SY ANSH 25 3 go Alslaal dguliia Liatll 453 ga Alilae o Jaadls
"l il

YYA
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dalaad y a¥oleal 222 cliasl) T

Count number of independent equations and unkwons

S a1y ([OHT), [H;0'], [Mg™]) dialas 236 sl a5
AL 238 Ja gk SN ((5), (4), (3)) Y lae

make approximations <y il Jee .V

o g3 1 (1 x 10 Kw < (7.1 x 107%) Ksp iaf of Loy
1385 (3) b Aolea 8 4ie 58S 581 (1) B Adlas e plall [OH]
[H;0"] << [OH] I 25

tohs (5) by Adlee ) sagallys
[OH]=2 [Mg™] + [H;07]

el [H307] Jags
[OH]=2 [Mg*]........ (6)

Solve the equations <Yalaall Ja LA

7.1x 107 = (Mg 7))’ Mg
7.1x 10" =4 (Mg}’

yYva
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= [Mg*?] = 1.21 x 10™* = solubility
Check the assumptions Sl Y1 e <l L4

[OH] =2 [Mg"}]
=2x 121.x10*=242x10"

1x 10" =[H;0"] [OH]

1x 10" =[H;0"] [2.42 x 10™]
= [H;0']=4.1x10"M

[H;O"] << [OHT] o o ks 13gsg
TSGR
Example:

Calculate the solubility of Fe(OH); in water

"Ksp=2 x 10°™ W)l i Fe(OH); 4.3 amsal

Solution:
Jadd opililes Lol aa 5 (Write equations) o) ¥ &Y alee IS5 Y

YA
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+3 -

FC(OH)S(S) —_— Fe(aq) + 3 O.H(aq) ................ (1)
+ .

2 Hzo(n - H3O(aq) + OH(uq) ................ (2)

sa La Jgeadll (Define the unkown solubility) Jsesall pas5 .Y
Fe(OH); — (Molar solubility) 4_¥ sall 4503l

Solubility = [Fe™’]
aas oo S L oY L0 Glua 3 [OHT] pasius o) <

Write all equilibrium-constant ) o 33y <l b yed 341 .Y

(expression
Ky, =[Fe”][OHP=2x10% ... 3)
Kw=[H;0'1[OH]=1x10" ... . 4)

RS 5 ) pe Alokaa LS .6
Write mass-balance equation.

O [Fe] Gilaal D5 g 5by g5 [OHT] — 0 yteme 359
(2) 8L Abladdl (e [H30'] 55k s (1) o8 Aoladd

[OH]=3[Fe”]+[H;0] ........... (5)

YA



ALl ash gl D gl gl

Lalll 45 3 g Aol 41K L0
Write charge-balance equation.

[OH] = 3[Fe**] + [ H;0']
cligabiie AEKN 45 3 ga g Aiadll 45 ge Alolas

ialaadl 5 eV sted) 22e sliasl L5
Count number of independent equations and unkwons

«¥alaa DB Ll ([OH-], [H30"], [Fe™]) Jdalae 3 Ll
LJall ALE Alladll Sl

make approximations <y @l Jee .V

(2x10™)Ksp <<Kw (1 x 10™) 4
(5) ¢80 Aslaall (b Gy peillyy [Fe™] << [H307] o (g 136

[OH]=[H;0] ............ (6)
Solve the equations &Yalaall Ja A
(4) #5, Wlas o (6) (B Ablna my e
1x 10" =[OH] [OH]

YAY



At el < Il play) glizde

1x 10" =[OH7
= [OH]=1x10"

(3) L Aalas 8 Analll [OH] dad (s go
2X 10 =[Fe”]1[1x107]
= [Fe?]=2x10"M

Check the assumptions Sl i) e <t .4

N puaaa al i1 S
[Fe"] << [H;0+]

Example:

Calculate the molar solubility of calcium oxalate in a
solution that has been buffered so that its pH is constant and
equal to 4.00

?(4.00) 5Ly @l a1 (PH) des
"K2=5.42 x 10, K,;=5.6 x 107, Ksp=1.7x10""

YAY
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Solution:

Jadh (5illae Ll 2 g (Write equations) o 3! < alee S5 L)

CaC,0,, Cap. + COpt e (1)

(aq)

sl g Jelity (Base) 5208 oo 5 le Ailaall 02 e il C,0,7
radlall Y alaall s

-1
}'I:,CZO“ + HZO E—— HC204 + H3O(;D ................ (2)

.2

1 2
HC,0, + HO ==—== C0, + HO ... 3)

E]

G (C204'2) O Cua e A sSae Yol o callal e bl
Y alaall GBS 3 adies Lia WS ool il Gy oDleliiall 06 o
sl S8 sUaad) (Kay, Kay) Sl gl a8 e

38 La J geadll (Define the unkown solubility) Jseaell aaa5 .Y
CaC,04 —! (Molar solubility) aj¥ sall 425810

Solubility = [Ca™"] .......... (4)
o= Jsaiy Jelin Lia fe o o [C2047] ANa R0l (o ) 4

(H,C,04, HC,0,4™") sl g

YA¢
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Write all equilibrium-constant ) () 3=y So ) & s 46 Y

(expression
K, =[Ca”] [C,04%]=1.7x 109 ........... (5)
+ -1
} OGO T 6610 o (6)
[H,C,0,]
- -2
. _H0 ][C2?4 | 542x10° o (7
[HC, O,7]
Kw=[H;0'1[OH]=1x10" ... (8)

ABSH 45 ) g Alolas 458 L
Write mass-balance equation.

Js—a3 [C2047] oS [C,047] & [Ca™] 385 bty o s jial
(H2C,0s,, HC204'1) sy oAl elal )

[Ca™] = [C,047] + [HC,04™] + [H,C;04] ......(9)
(PH=4) o ,$3 3 J3adl of Layy

= [H30'] = anti log -PH
=anti log-4=1x10*M

(8) a3, Wslaall 8 [H;O'] daid sy sty
=1x10"=[1x 10" [OH]
= [OH]=1x10"M
YAo
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Aiall 453 ge Aolea 4US .0
Write charge-balance equation.

a2l 453 e Ablas S Wle sy ) alidl (Jglaal

il g Y aleall 22 cliaa) 1
Count number of independent equations and-unkwons

([H2C204], [HC,04™'], [C2057], [Ca™]) Jalan daa f Ll
e oo alad s e sldng (8, 7, 6, 5) <¥laa i,
.eUéﬂl\ faa Ja ¢_._J=la.| <Y alall

make approximations <l &l Jae .V

Gkl 225y 4 e (Kay, Kag) o8 o @l Jae aaliis ¥
bl il G 48 de

Solve the equations <&Yalasdl Ja A

J—taas OV alaa 320 Jans g 8 g (Ad g e [H3O+] YR L‘j Loy
[C2047] 85 215

YA
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(7) ?5_) :L‘JL‘.A.“ OA
-4 -2
=542x10% = 210160, ]
[HC O,7]
=[HC,0,"1=1.85[C,0,"]......... (10)
(6) o8, dsleall (10
s6x102 <1107 HC,O, g
[H,C,0,]
c_ua'.'\] aaladdl 028 ‘.59 (10) ?5_) illaa g )
4 -2
5.6x10- =lxlO x1.85 [C,0,”]
[H,C,0,]
= [HC204] =3.3 x 10” [C,047 ........ (11)

sl (9) 23 Ailaal A (1), (10) osblad e 5 i
[Ca+2]—[C204 ] +1.85 [C:0,7) +3.3 x 10°[C;0,7
[Ca?] = 2.85 [C,047]
[Ca”]

=[C,0,]= —gs (12)

YAY
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C_\.aﬂ (5) ?5_) alaladll ‘f (12) (-5_) alalaall Ul gala g

[Ca”]
2.85
1.7x10° = m
2.85

=[Ca?]=+1.7x10°x2.85=7x10" M

1.7x10° =[Ca"’]

o pal) Jalad) 3 5 pSadl (3 sb oo i) Juad
Seperation of ions by control of the concentration
of the precipitating agent

G cu il ol Ugde (3l ddeny ¢ jall T4 8 0 gl g
ic gane J LAl s e Ol Jaady lld (Selective precipitation)
cAlad @l g 4l A e 30le aa dileliag alld g Sl Y1 (g 5 A

ity O 4 s (Ksp) —) dad O by 530 Sl o Ly s
s Ksp — iad L albiag ey Y o s @l (Solubility)
sy

A e JLS) e Y g a0 38 5 ol L g
(el Agdee 8 oadind Gigas o8 138 (1% 107 M) (55

YAA
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' JelS I8 I Y e e AV Aaals Jeadll Bdee Sl
Jalls any Lo canan "1x 10 1% 107 Mg sbawy 0 58 5 sy ¢
LS GV a5 A Jd

Example:

Can Fe’* and Mg®* be separated quantativily as hydroxides
from a solution that is 0.10 M in each cation? If the
separation is possible, what range of OH" concentrations is
permissible? Solubility-product constans for the two

precipitates are
[Fe*] [OH] =2x 10
[Mg*1 [OH*=7.1 x 107"

0sd sy b IS (Mg, Fe®) 0 sl G S Josd goliions a

0.10 ) 5S4 ows¥) S (g iy Jlaa 3 [OHT] a0 5 2]
43 7 saall [OHT] 20 38 Lo 3800 Juaill Alac culS 135 (M

KSprom, =2x 107

Ksproom, =7-1x 1077

Solution:
sV i Giga Fe(OH); of b a3 Ksp — W a8 P& (e
1Y s jis Mg(OH),

"[Fe®] S J83 Fe™™ i JiS) aie [OHT] sl (0

=: x 10* M"

YAQ
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+3 -

+ 30OH

Fe(OH),,, === Fe

(aq) (ag)

Ksp = [Fe"] [OH]’
2x10%°=[1x10* [OHT

-3
:>[OH]=31/2XI04 =3x10™ M
1x10°

‘IMg™]=0.10 M’ Mg"? a5 4oy 2ie [OHT] wlua (Y

+2 -
Mg(om2(5)= Mg(aq) + ZO'H(aq)

Ksp = [Mg™] [OH]
7.1 x 102 =[0.10] [OH]?

=12
:>[0H']=s,/———7'1"10 =8.4x10° M
0.10

Fe (OH); e i o 20 [OH] ¢ AiSan Joaill duae off oDl
lead 30 [OHT] 53—y Mg (OH); o s A e I I8 S
((8:4x 10°) — (3 x 10°7%)) Juail

Y4,
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Sulfide Seperation a—d ;<) ) gy Jsaill

O3 a—e Lgleli dic cad )y )5S0 (cations) A sall i) alaa
PRV PR [P - Y JRCNIE  JUUE FOiP U P [y IV PR
sal J (Ksp=10""-10")

toama Jalaally s 55 468 e 3208 0o 5 ke (S%) ol alas LS

HS + HO === HO'+ HS K,=96x10*

HS + HO —= HO + §? K,=13x10"

sl plasiuls PH Aay oSl 35k o [S™] S pSatl sty
(H:S) J& um Goob oo (HaS) o ssine Jslaal (Buffer) phe
gl 138 Jal

Wlaal csn [H3O'] pssissned o 385y [S*] 5585 om sy

14l
2, 1.2x107%
[S7]=——r
[H,0]

AR
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1 0—22

10°18

10

(5]

10—]0

1076 :

H i E-

_ | :

1072 AN

0 2 4 6 8 10 12
pH

1L il ALl dalaall e slae Wl g el 038 (e J2ad

"1y« PH I & T [HOT

Example:

Cadmium sulfide is less soluble than thallium (I) sulfide.
Find the conditions under which Cd** and TI" can, in theory,
be separated quantitavely with H,S from a solution that is
0.1 M in each cation.

Y4y
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The constants for the two soulubility equilibria are:

CdS,, ~—= Cd? + §? [Cd][S*]=1x 107

TLS

S 2Tl + §2 [TI? [S*]=6x 102

aag (T2S) asdll oy € e 4313 Ji (CdS) psseal€ aiiy <
Azl (CA¥, TTY) Gisms1 Juad Uy sl L a3 iy Sl
oY) e e IS (0.1 M) 3S 5 s sins Jslae e H)S

Solution:
A3 1A i 0 58 (CAS) gl i S Loy KSp o e
wcasm il (e (CdS) elgil 2ie [S7] luay o sl o s

CdS,, ==—== Cd? + §?

Ksp=[Cd*][S"]

03— (CdS) s i el aie 4 ca Wl (53 45 S35
(M 1x 10*=[Cd™))

1x 107 =[1x10"[S]]
[S=1x107%
Lidaiill o3 2ie H30" 638 5 alay

Yay
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_1.2x10™

- [H3O+]2

1x107% = 1.2x107%
[H,0"]’

1.2x107%
=[H,0" =1/—=3.5M
[H3 ] 1x10_23

(TL,S) cam i dly 2ie [S2] laaly

[S*]

les(s) = 2TI* + §?
Ksp=[TI'}* [S”]
(0.1 M) sty Sl Shaes o WS [TT] La o5

6x 102 =[0.17[S?]
= [$*]1=6x10°M
Lia [H30+] Ay
=22
87]= 1.2x10 2
[H,07]
[H,0°]’
1.2x1072
6x10%

=[H,0"]= =2x10"M

0o [H307] 35 pSaill die S IS8 o 0V1 S s palaiis Y
2x10°M-3.5M)

Y4t
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3aa o) Jo ddle Al

Consider a solution that is 0.10 M in each Mn?*, and
Zn** ions. The solution is buffered at 0.50 M in H;0" and
saturated with H,S. you are given the following

Ksp forMnS is 1.4 x 10"
Ksp for PbS is 8.2 x 102
Ksp for ZnS is 1.1 x 102!
Kal for H,S is 9.6 x 107

Ka2 for H,S is 1.3 x 107"

encircle the correct statement
a. under the above conditions, ZnS precipitates first.
b. under the above conditions, MnS precipitates first.
c. under the above conditions, PbS precipitates first.

The correct answer is (¢)

Calculate the molar solubility of Ag,CO; in a solution
that has been buffred to a pH=6. the following is given
Ksp for Ag,CO; is 16.1 x 1072

Kal for H,CO; is 4.45 x 107

Ka2 for H,CO; is 4.69 x 10™"

a. 6.0x10°M
b. 83x 10" M
c. 3.6x10*M
d. 5.2x10°M

The correct answer is (d)

Ydo
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Find the conditions under which Ba®* can be separated
as a sulfate from Sr’’ in a solution that is 0.15 M in Ba>*
and 0.20 M in Sr**

Ksp for BaSO, is 1.1 x 10™"°
Ksp for SrSO, is 3.2 x 107

Encircle the correct statement

a.
b.

Sr** starts to precipitate first

The [SO4*] required to completely precipitate the ion
which starts precipitating first is 1.6 x 10°®

The separation is feasible

The separation is not feasible

The correct answer is (d)

Solution:
oo 58 (1.1 x 10) BaSOy w5 sl 2330 [SO42] 585 oY

(1.6 X 10 M) SrSO, w55 2t o 35 [SO47

Gl o dal
0795306216

Yan
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For the system formed when 0.02 M NH; solution is
saturated with CdS, the following equations are given:

CdS  ———= Cd* , S

(35) X

Cd*,, + 4NH Cd(NH,).

E—— -
3(q) ~ 4 (ag)

NH3 + H20 _— NH4+ + OH.

HO 4+ OH

2H,O
Encircle the correct statements in (I) and (II):

1

0.02 = [NH;] + [NH,'] + [Cd(NH;);*"]
[OH'] = [NH,'] + [Cd(NH;),*']

[S27] = [Cd*"] + [CA(NH3),* "] + 0.02
None of the above is correct.

poow

The correct answer is (a)

I
a. 2[Cd>] + 2[Cd(NH;),*"] + [NH,"] + [H;0'] = 2[S*] -
[OH-]
b. 2[Cd*"] + 2[Cd(NH;),>*] +[NH,] + [H30"] = 2[S2-] +
[OH]
c. [S¥] = 2[Cd*] + 2[Cd*] + Cd(NH;),*"] + [NH,'] +
[H;0']

d. None of the above is correct

The correct answer is (b)

Yav
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The Solubility products of a series of hydroxides are:
I. BioO......... Ksp =4.0x 10" = [BIO*] [OH]]
II. Be (OH),.... Ksp=7.0x 102
II. Tm (OH); .... Ksp=3.0x 10
IV. Hf (OH), ..... Ksp =4.0x 102

Which hydroxide has the lowest molar solubility:
d.1v C. 11 b.II a.l

The correct answer is (b)
bl sa 138 058y Lna e LaS Al cla any

Consider the separation of I and SCN/, by precipitating
as Agi and AgSCN from a solution that is 0.06 M in Kl
and 0.070 M in NaSCN. Given that Ksp for Agl=8.3 x 10
7 and AgSCN = 1.1' x 10, Encircle the correct
statement.

a. [SCN] starts precipitating first.

b. The [Ag'] concentration needed for the quantitative
precipitation of the ion which precipitated first is 3.5 x
10°M. consider that 1 x 10® M is the criterion for
quantitative precipitation.

c. The [Ag'] concentration needed to initiate the
precipitation of the ion which precipitates next is
=1.6x10™"

d. The separation is feasible.

The correct answer is {(c)

YaA
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Calculation the hydronium ion concentration needed to
initiate the precipitation of Cd** as CdS from a solution
that is 5.0 x 10° M in Cd** Given that for H2S, Kal = 9.6
x 107, Ka, = 1.3 x 10™* and Ksp for CdS= 1.0 x 107

a.006 M b.25M c.12x10°M d.3.5x10°M

The correct answer is (b)

Encircle the correct statement relating to an aqueous
solution saturated with AlF,, given that F" is a conjugate
base of the weak acid HF

a. [A]=1/3 { [F] + [HF]}

b. [HF] =[OH]

c. [F]+ [OH] =3[AP’'] + [H30]

d. (a), (b) and (c) are correct.

The correct answer is (d)

Calculate the molar solubility of MnS in a solute on
that is 1 x 10° M in H,O" given that:

K,, for MnS=3x 10"

K. for H;S=5.7x10"

K, for ;S =1.2x 10"

a.5.23x107 b. 1.60x10*M c. 1.75x107
d.3.10x10°M  e.541x10*M

The correct answer is (e)

Y44
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Consider a 0.200 M solution of Na,S,0; that is saturated
with Agl given the following reactions:
AgI e e——— Ag+, I

Ag+ + S0,
AgS,0;- + S,05F

= AgSZO;; s
Ag (5:05);

Encircle the correct statement:

a.
b.

C.

d.

[I] = [Ag’] + [AgS205] + Ag (S;03)2*"

[Na']=2 {[S;05"] + [AgS;0™] + Ag (S,05)2 7'}

[Ag] + [H;0"] = [I] + 2[S2037] + [AgS,05-] + 3Ag
(S,05), > + [OH]]

Solubility increases with increased concern ration of
N3,25203.

All of the above statements are correct.

The correct answer is (e)

A 03367 g sample of primary standard Na,CO;
(fw=106g mol™) required 28.66 ml of an H,SO, solution
to reach the end point in the reaction.

N32C03 + HzSO4 - Nast4 + H2C03

Calculate the morality of H2S0O4

a. 0.0554 M b. 0.2216M c. 0.1107"M
d. 0.554 M e. 0.9361 M

The correct answer is (c)
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Find the conditions under which Ba®** can be separated
as a sulfate from Sr** in solution that is 0.15 M in Ba**

and 0.20 M in Sr*'
Ksp for BaSO4 is 1.1 x 10™"°
Ksp for SrSO4is 3.2 x 10 7

Encircle the correct statement:
a) Sr** starts to precipitate first.

b) The [SO4*] required to completely precipitate the ion
which starts precipitating first is 1.6 x 10,

c) The separation is feasible.

d) The separation is not feasible.

The correct answer is (d)

Solution: o
(Ksp) S 4 0¥ Y5l o i i 3w BaSO, (a

-2

SO

+2

BaSO, ——— Ba_ +

4(s) dag)*

Ksp = [Ba™] [SO,7]
[Ba'?] =1 x10° & IS 4 JS% BaSO, i Laaic

1.1 x10"=(1x10°) [SO4]
=[S0 =1.1x10"M

SrSO4 () wm i Ay i [SO, 2] 385 s (b
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SrS0,, === "’ 4 SO,
Jsadls Slaci e cawa [S12]=0.2 M S 5
=3.2x 107 =[0.2] [SO.}]
=[S0 =1.6x10°

i Al o 53U [S0,2] 385 Y AiSan e sl Aylae f a2
(BaSOy) s 5i (= elgiiU 4ia B} g8 (SrSOy)

For a solution containing KCl, Al;(SO,)3, and KNO;. The
charge balance equation which can be written for this
system is:

a) [NOs]+ [CI']+ [SO.] = [K']+ [AP"] + [H].

b) [NO;]+ [CI]+3[SO,]= [K']+2[A"] +[H"].

¢) [NOy]+ [CI]+ [OH] = [H'] + 3[AI"] + 2[K"] +
2[SO].

d) [NO5 + [CI'] + [OH] + 2[SO,*] = [H] + 3[AI"] + [K'].
e) [NO3T +[CI=[AP] + [K'] + [SO] .

The correct answer is (d)

22) Write an equation of mass balance for a solution of
Ba;(PO,); in a 0.10 M HCI solution. Equations:

Ba;(PO,), == 3 Ba* + 2 PO,>

H3PO4 = H+ + H2P04-

H2P04- = I‘I+ + HPO42-

HP042- =—H+ P043-
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a) [Ba®']=[PO"].

b) 3[Ba**] = 3[PO,”] + 2[HPO,*] + [HPO,].

¢) 2[Ba’"]=3([PO,”] + [HPO,*] + [H,PO4] + [H;POy)).
d) 3[Ba’"]=2([PO,>] + [HPO, ] + [H,PO4] + [H3PO,)).
e) None of the above.

The correct answer is (c)

For the purpose of selective precipitation, dilute NaOH is
added to a solution that is 0.10 M Cu** and 0.10 M Mn*".
Taking 1.0 x 10® M as a criterion for quantitative
removal, one of the following statements is correct: Ksp
for Cu(OH), = 4.8 x 1022 and for Mn(OH), =4 x 10",

a) The separation is not feasible.

b) The separation is feasible and [OH'] range is 2.2 x 107 -
1.4x 10° M.

¢) The separation is feasible and [OH'] range is 3.6 x 10% -
6.4x 107,

d) The separation is feasible and [OH'] range is 2.2 x 10% -
6.3x 10° M.

e) The separation is feasible and [OH] range is 6.2 x 10™ —
7.5x 10° M.

The correct answer is (d)
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Solution:

S (Ksp) elliay 43 Y i o _jises Cu(OH),
Cu(OH), < 5 elgii¥ 5 33 [OH] wlaal (M

Cu(OH),, === Ci" + 20H

Ksp = [Cu*?] [OH]
4.8x 107 =[1x10°] [OH]

-22
:>[0H']=,/% =2.19x10" M
X

Mn(OH),; < i &t o 30 [OH] buaal (¥
Mn(OH),, <==== Mn’ + 20H

Ksp = [Mn*?] [OH]
4x 10" =10.1] [OH)?

4x10™"

=[OH']= =6.32x10° M

e Jiaill il o LY [OHT] 585 050y daal Juaill dlec
(632X 10°-2.19 X 10° m)
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2l by JbaSl Jilaill & alill ke e Al Hu el Gagu
BESY JIC TSR WU TR

Gravimetric Methods of Analysis ijell Jiladl i,b

salall 48 Jagi 5 (52l g A S yall ABS paat e adiad 4aS (3 5k (oo
Ll L pae 3
Quntitative methods that are based on determining the mass

of a pure compound to which the analyte is chemically
related.

o 3l Al Slibuaady A3 o dilon Ailan sk el
sl Uine

Precipitation Gravimetry el o il

a3 S e S (analyte) Leddas o pall salddl Jysads Lia gii Cgu
A 5 Bioh e cad )l Juads 5 60 25 (Sparingly soluble) b
Jisaiy (washed free of impurities) < sill (e cand ) 138 Jud a3
o~ (known composition) 4y yee 4uS 5 93 S e Y caud ) 12a

Calie (824 5 )l jally dtallas Gy 5k
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A8 e aadaind 4535 P& ey 4355 (by suitable heat treatment)
-(analyte) Lelilas o jall 3alall (35

Example:

2NH, +H,C,0, —>2NH," +C,0,”

Ca"uy +C,0,” @ —>CaC,0,

CaC,0,, —>Ca0,, +CO, +CO

4(s) (8 2(g)

A HS A e aobiinss ol (C20) pogpadlCll 20l AES 46 jaa Pha (3
(Ca™) psedl oyl 38 55

[PV | [ S Y W R e | L W W)
Properties of precipitates and precipitating reagents

32sa 2%l "Precipitating agent’ cu il Jale (56S of aay
O3S B e (daih 5aal g sale ae Jeliny 4f) (Specifically)
S sall (e 3 gana e ae Jelint (selectively) (g olis)

A gravemtric precipitating agent should react specifically or
at least selectively with the analyte.
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rJlia

(AgNO; s—a 5 (selectively) sl Jslan oo Ja el g
acidic ) paala oy 4 LY e 3 sdae 238 g Caray
(Dimethylglymoxine, CN, I, Br’, CI') 45 (medium

Jnailly Y 4525 i s

by Aage Clica 3ae elliay o Cany s 0 dglae (e gl cand

il e Jaadl g 5 kil s Y

Easily filtered and washed free of containants
3 Akl dlee oL 5 fige daaS 2 Y Cony (AL A3 4] LY
Of sufficiently low solubility

"_);:\m" a‘,@.n.,\fo.\_,.;‘,a.“ J...gl.ﬂ.“ & dr_Lﬁ:v\) ¥
Unceactive with constituents of the atmosphere (stable)

S RPN PR RIS PRYOR IO SUV 3 PR
Of known chemical composition after it is dried or if
necessary ignited
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i) ) B il ¢ Sl p—22
Particles size and filterability of precipitate

Lgn il Gl S aaay cond ) Slaps Jea () Jand s ) Adee 8
gl e L gl

b i) Cllmttisd g dda Jal 2
Factors that determing the particle size of precipitate.

POt O 9 () e Al dlee e A0l Clasua) anas

(Colloidal suspension) s % (3 (
Cnedy s 5 Y (tiny particles) L\_,-. B _se Clatua A
La jki 3 <4 (invisible to the nacked eye) 33—l
not ) 4 s 3l ¥ (cm 10710 — 10'4) o= (Diameter)
.(easily filtered

(Crystalline suspension) (s sb (3laa (¥
el ) ekl Jsy G 52 1 el (o S o (0
L 2y (easily filtered) Lo liy lebuad Jemyy < fasdial
e Al lee 8 4] plias

Yy
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o OO Gl Adee (S0 6l g Baad ol I (005 Ay elalall Bl
fosal s Bl caul ) aas o 1shaY 81 (JalS S As geia

Precipitate solubility caul il 435 .9
Tempretature 3 )l sl 4a 0 .Y
Reactants concentration <leliiall 35S 5 .Y

rate at which (ass I lga oy cOle Lol Lld de o Jana . ¢
reactants are mixed

Lo il Yl Q@mﬁ;h}dﬂ);}&i Jyy\kyuﬂc._lhﬁ.ubﬁ
Relative super ) ol g3yl 368 and ale 3lli Lo 4 53aal
.(saturation

Realtive super saturation = e

Q = concentration of soluble at any instant
Jolaal e Aihaia () 3 2 3K 5

S = Equilibrium Solubility
"dalS S8 Jslaadl” of Y1 40003

Jslas o (super saturation) g LYl s Jslae iy g
Js—a g g LdYl o 40,08 340 lial) e S (5 fAny iue e

AR
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ol ) JS0 e Al (e ApaS s

Unstable solution that can contains a higher solute
concentration than a saturated solution, with time super
saturation is relieved by precipitation of the excess solute.

iag cilS 13 W (Collidal) .98 ol 0585

.(Crystalline solid) ¢ssb el CnsS (J (52%

O—e Sl S _).\Si uu\JuLu)a?aagLLcY(st

@ 4.\.“..\“ d_)l:J‘ tLuLn (Q) JAE:U (S)Mu\.l_) L’-'.)'L'

dod Sl

(S) Jstaadl a3 5L 3 Joladll 5)) 2 4a g lin ) (O
Elevated temperature to increase the solubility of the
precipitate (S).

'Q dad QT Jlaal Ciiss (¥

Dilute solution (to minimize Q)

Yy
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'Q o8 T a2 e £sber U2 oy 5 ke dald (¥
Slow addition of the precipitating agent with good stirring
"to minimize Q"

1dald ddiadla
il 5y s Jla "o 5 s Ksp' las AL 4yl elbiay G il
(g5t oy 0 sSsale Ll (Al aulSY) y Ay 5

Pricipetates that have very low solubilities, such as many
sulfides and hydrous oxides, generally form as xolloids.

i) ) (e 0S5 Al
Mechanism of precipitate formation

tlat 5 iibine (pASalSae ol (9SS Saasy

(Nucleation) s sl ()
liall f Gl il e s Ji gl o5l Alee
e il elhey Jand) lgiany ae aeaily

A process in which a minimum number of atoms, ions or
molecules join togther to give a stable solid.

133 Cum Al Alee 4 (Predominate) xilull ga g il 138 IS 1)
(Collides) caul ) (30 3 jsia Clasn (055 ) (505

vy
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(Particle growth) assall sai (¥
Jési%gkﬂ&td\ﬁ‘»&.ﬁa]\ gu‘;_)“t‘%—-‘:’

Competition between additional neacleation and growth
on existing neuclie.

Lishany 13 d 2L 58 (Particle growth) amadl sai oS laie
Akl ALlEy Sl sy Clagean
v Al e (3 JndYl a

Collidal Precipitates cile—ilaal) o )5

ki ¥ Ll (Collids) diles plual cam jill ddee Dl o 13
ISy Lglee (5355 Y e il Alae 13y i Line Ty LS Lus 5
Lgle lhs Gl 3y b o Glalaall 03] capu 5 (30 AY @Y (s

.(Coagulation of colloids) liledl jias aul

(Cagulation of Colloids) <lilaal bew

3529 s panll sy e 3 (colloids) clilaall Jaay (o2 casdl
WW@@L@}\LMQ@M‘»M d‘,a_i.!_,;&.ea.;.da
el lgan) as aaail

AR



pr
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Sleadl) plap S Y plaiY) rlida

salal Jalail d._l_)lauc:\i.\H\ PRYY dgl;:\,\‘a_,ii\ut'_vw\ FRYY c._u.aﬂ_g
@ (heating) (il -
(Stirring) <y sl .Y

adding an (Nitric acid, HNOj3) J-tia (o ¢S Js—se 2l .V
electrolyte

iuvely chargadlprima y adsomiion

Homegencous selunion

= (harges bulaneeds —

o ¥ 130 6 A% jua i I pall g lan pga (JSSD 138 Gl (5 30

10ne 3 oAy Gl b Adaaall Cilidal

AR
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(Primary adsorption layer) &4 ¥ (abaal 4k ()
(Collide) G—teall coul U Jay a3 iy (e Aika J gl 2
0055 b Jay I (Positive  i0n) caa sall (a1 (e (5SS

(Agt) La a5 caud )l

(Counter ions layer) daysall 4 oY) Zaudall (¥
=23 iV Gabaat) dids ey b A0 4000 dadal A
Y L) Jstadll i (negative ions) adlu <lisd (e o 5SE
(NOy) ani sl s3a 4 La 4y cand Il S 5 8 Jas

i g el Al eI ARl ol la ikl ol e Bl o
-(Electric double layer)

iy asanil Gl 03 s pan Gl e Y i L LS,
XYY O :Lc.u)]‘ o;\A_, ‘&Lﬂ]‘ Jalay &l (SN (CO”ldS) :\,l_)_,)a.hﬂ
s
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@ Peptization of collids ddlxall camud 9,0 4 )i

.(Coagulation jiail) dalull ddaad) e b ddaadl 038

U_Ag‘_ﬁ...’ﬁ]\ ta.a_,‘;]“ 3):\510“ 4aleal) l..h.u\J_)“ 3..\1.:“ ‘;93.)1“.1\ FRYY ‘!,'A_,
oLl N sy 5680 Jsladdl A3 ol e elliy aa
The process by which a coagulated collid revers to its
original dispers state by removal the electrolyte.
rdaly clalbaa
(Digestion) aagd .3
@3 Jslaall & €1 o delu saal cand Jll L i Gglee a4
() Jslaal) il ate 5

A process in which a precipitate is heated from an hour
or more in the solution from which it was formed (the
mother liquor)

Al Jeud g (i ) dlaall 238 Lipdass sy
Purer and more filtratble product.

(the mother liquor) AY! Jslaall .Y

dal e 685 5l J glaall 8
The solution from which a precipitate was formed.

iV
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(Coprecipitation) (8l yall o 5l ¥
O3S ecastaall a1 e s A0 il W) e 205 als e
vl Aglee ol Jglaall b 4003
A phenomenon in which other wise soluble compounds
are removed from solution during precipitate formation.

ety el cusnn il ) 5l Anf aa g

(Surface Adsorption) adaull (alaay! ()
(mixed-crystal formation) ddabisall 5 ) 4lll 5 o5 (¥
(occlusion) LuLasyt (¥

(Mechanical Entrapment) 4.SulS ) sasaall (£

et L S Taf Cagu

(Surface adsorption) ahull Galassy! ()
Gl ol Ugde 3t b f s a1 cili g alailly 2y
sl )l mdaw e (impurities)

= il ph W i hall WLl sl e dgleadl o4 (S5
e i Ll 6 W 0 Y oS0 Al Gad ) a5 Adee
v g skl G il

a adsorption is often the major source of contamination
in coagulated colluids but of no significant in crystalline
precipitate.

YA
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Minimizing adsorbed " plawll daailell il gl dpaS Jilal

:"impurities on colloids

5 i Al g 5ok (g i 1S slaes cand ) a5 )
Washing coagulated colloid with a solution
containing a volatile electrolyte.

(Coprecipitation) gl caul i cas 53 33le ddec .Y

pul Adde 3l Lo g8 4 gunaall ¢ Lasl) Hde | gu 0 Gl Ol
.(Recrystalization) _slill salc)

(Mixed-crystal formation) ddabisall 5 5Ll oy o5 (¥
O~ JlSa "impurities” &) oY) Jiay o sl 13a
5l Jaly i (analyt) LaY!

A contanminant ion replaces an ion in the lattice of
crystal.

A a) f saane G i ol ge aladial ki AS2N 238 Jal

.(Selective precipitating agents)

collidals ) Sl cuw A 5 (crystalline precipitates)
.(precipitate

Y14
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(Occlusion) _ubai¥) (¥
J—als & Jlacay (impurities) cuall ool ol g sl 1 b
NS IPEYIN UTPCC AL PN TRUNEN

A compound or ion is trapped within a pocket formed
during rapid crystal growth.

sae) )b Gme Al G g gl 1 Jie e palidll oSag
ookl cun gl 8 g gl 138 Cuayy (reprecipitation) cu 5l
"crystalline precipitate’ las

(Mechanical Entrapment) 4S6lSuall sauaall (£
randl Lzany (e Ay 8 <l skl ()5S0 Lavie ¢ gill 1 Jie Caay
leaay ae Ay el bl s3a pai e g ¢ gaill dules ol
L siam cun b Jslaad (e e 3n Sl Ly oy and

Mechanical entrapment occurs when crystals lie close
togther during growth, several crystals grow togther
and in so doing trap apportion of the solutioin in a tiny
pocket.

(reprecipitation) cu—u jill salels Lad Leia Lalasl ek
crystalline ) b 5 Ll cow b g ol b Saayy
.(precipitates

Yy.
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:alaada
2 & (Coprecipitaion errors) (il yall ca il (e da3lill ¢UadYl

4tiad e il 4peS 3 55 Cuny (positive  erTors) dua ye S
.allis &uay (Negative errors) adls o ksl

=19 Jladl Sl é.m' Sl dules

Calculation of result from gravemtric Data

o bo (sl ddaall dlae prana s AL ey (e p gl g
AL 3 gl g 52l 038 Ay b Ll Line

Example:

The calcium in a 200.0 mL sample of a natural water was
determined by precipitating the cation CaC,0Q4. the
precipitate was filtered, washed and ignited in a crucible
with an empty mass of 26.6002 g. the mass of the crucible
plus CaO (56.077 g/mol) was 26.7134 g. calculate the
concentration of Ca (40.078 g/mol) in water in units of
grams per 100 mL of the water.

@b e 200.0 ml pasy apdall clall (e Aie 8 o IS aaaS
Jusyy iliy aud )l (CaC204 JS4 e (Ca®') pspnd I (o cana s
ele sl 055 ¢(26.6002 g) & s sa 54y solad eley (b (B

-(26.7134 g) s (Mw=56.077 g/mol) CaO e Jul )l s 31 )

AR
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132 e (g/mol) s2a g call 138 4 (Mw=40.078) Ca 3 5 cawal
el

Solution:
Mc.0=26.7134 - 26.6112=0.1132 ¢

rlC‘*°=l\51‘nw
_0.1132

= =2.02x107 mol
56.077

Ca (e 3aal 5550 g a3 CaO f Jaadls
= nCa =nCa0 =2.02 x 10-3 mol

= mCa=nx Mw
=2.02x10-3 x 40.078=0.081 g

con.Ca/lOOml=%xlOO

= 0.081 x 100 =0.0405 g/100 ml

Example:

An iron ore was analyzed by dissolving a 1.1324 g sample in
concentrated HCl. The resulting solution was diluted with
water, and the iron (II) was precipitated as the hydrous oxid
Fe,03.XH,0 by the addition of NHs. after filtration and
Fe,05 (159.69 g/mol). Calculate (a) the % Fe (55.847 g/mol)
and (b) the % Fe;0, (231.54 g/mol) in the sample.

Yyy
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—0 (1.1324  g) Lgijys olall 138 (e dne A3 aldas o5 aaall 4
o= Fe™ 0l s celally 4isiss 5 sl slaaly ¢ 385 (HCI) Jslaae
3y (NHj) dilsls (Fe,05.XH0) g8 Ao 1S J<3 e a5
8 S ja aad dadi 1o 3l a da 0 die and (3 a5 alue g 45l

twal (0.5394 g) 4335 (Mw=159.69 g/mol) (Fe,03)

(Mw=55.847 g/mol) %Fe —J s il 38 jll (a)
(Mw=231.54 g/mol) %Fe;04 3 s sl 38 50 (b)

Solution:
ol s Lag Lo OS] Jgudl Sllaeall 3 S Lagy Y llall (5 3 5
asllaall 5 gl
noo= M
Fe,0, MW
n,, = 9.5394_ 3.377x107 mol
= 159.69
a)
1 mol Fe,O, ——> 2 mol Fe

3.3778x10” mol Fe,O, — X mol Fe

= np=2x3.3772x 102 =6.7556 x 10 mol

Mg =N X Mw
=6.7556 x 10” x 55.847=0.37728 ¢

Yyy
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— % Fe = —2F_ % 100%
m

sample

. 0.37728
1.1324

x100% =33.32%

b)  ng=6.7556 x 10” mol (&l g Sl (e

3mol Fe —> 1mol Fe,O,
6.7556x10° mol Fe —— X mol Fe,O,

3
ng _67556x107 _ 2.2518x 10 mol
W 3
mFe [0]
% Fe,0, = —=% x100%
msunple
05214

x 100% = 46.04%
1.1324

Example: @

A 0.2356 g sample containg only NaCl (58.44 g/mol) and
BaCl, (208.23 g/mol) yielded 0.4637 g of dried AgCl

(143.32 g/mol). Calculate the percent of each halogen
compound in the sample.

vve
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(Mw=58.44 g/mol) (NaCl) e (s 5ia3 (0.2356 g) le3)s e
(AgCl) (s i—ne <o a3 (Mw=208.23 g/mol) (BaCl,)
o sl S je JS1 A il Al el (MW=143.32 g/mol)

D 138

Solution:
(BaCly) s (NaCl) (e JS ALS Laa 5 Jgaall 138 (& 0l seme Ll 2 5
Ol seaall 028 alaY Giloles (0 5S5 (e 20 Y
Mgample = MNac1 + Mpaci:

0.2356 = myaci + MBack:
Mpacl: = 0.2356 - MNagl  cecrerecronnones (1)

(NaCl) e 8 e 4addll CI' QY 3o 220 55k AgCl &Y 50 22
(BaClz)J

YYo
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N =Ny + (2 X nBaCl,)

n,. = m__9.4637 =3.235x10" mol
Mw 143.32

n.. - mNaCl — mNaCl

M Mw 5844
n - mBaCIz - mBaClz

L Mw 208.23

m
3.235x107 = Dwat of ey | )
58.44 | 208.23

PN Alalaall 255 (V) o8 Aslaa b (V) a8 Ailes iy g

3.235x107 = hc +2(0'2356'm"ac']
58.44 208.23

iy el ) Aolaall 038 Jass
Myae = 0.12956 g

% NaCl =mN_aCll
msample
_0.12956

0.2356

x 100%

x100% =55.01%

Agall o gl ()6 sl Lagd) Lay
= %BaCl, = 100% - 55.01% = 44.99%

Yy1
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sas gl o dale 4l

Suppose that you are adding AgNO, to NaCl Solution.
What is the ion that exists in the counter-ion layer
around AgCl particles after addition of an excess amount
of AgNO; to NaCl solution:

a.Na" b. CI c. NOy d. Ag" e. OH

The correct answer is (c)

To form a precipitate composed of large particle size.
nucleation mechanism must prevail

particle growth must prevail

average relative super saturation must be large
precipitating reagent must be added rapidly.

The concentration of the precipitating reagent must be
large.

® a0 oW

The correct answer is (b)

Upon addition of AgNO; to a solution of KSCN, AgSCN
colloidal particles are formed, A 0.5 mol of AgNO; is
added to a solution containing 1 mole of KSCN, what is
the ion that is found in the primary adsorption layer.
a. SCN° b.K' c. NO3 d. H-

e. Ag’

The correct answer is (a)

vyy
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The mechanism of coprecipitation in which an ion like
Pb** replaces another ion like Ba®" is called:

a. occlusion

b. adsorption

c. mechanical entrapment
d. mixed-crystal formation
e. peptization

The correct answer is (d)

Calculate the mass of HgzPO, (fw=696.74 g/mol) that is
formed upon mixing 50.00 mL of a 0.423 M Na;PO,
solution with 34.42 mL of 0.5151 M HgNO; solution

1196 g
7321¢g
4118 ¢
1.035¢g
09721 ¢

© a0 o

The correct answer is (c)

The process which is opposite of coagulation is:
occlusion

mechanical entrapment

agglomeration

precipitation

peptization

ceo o

The correct answer is (e)

YYA
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Calculate the mass of Agl (fw=234.8 g/mol) that van be
produced from addition of excess AgNO; to 0.698 g
sample that contains 30.6% Mgl, (fw=278.11 g/mol)

a. 0.124 g

b. 0.240 g

c. 0.36lg

d. 0.0356 ¢

e. 1.07x107° g

The correct answer is (¢)

In the gravimetric analysis of sulfate (SO.*) in MgSO,
(fw=120.3g/mol) solution by precipitation as Ba SO,
(fw=233.3g/mol). Suppose that a pocket containing
MgSO,; was occluded. What is the sign of error due to
entrapment of MgSQOyin this case.

a. Positive b. negative C. Zero
d. indeterminate e. positive or negative

The correct answer is (b)

BaSO, ! 4. JiMgS0O, I Mw Y *

3l o dal il
0795306216

YY4
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Upon gravimetric analysis of Ba 2+ by precipit as the
BaSO, preciption was contaminated by PbSO,.The
copercipitation in this case is referred to as:
a. Occlusion b. adsorption C. peptization

d. mechanical entrapment  e. mixed-crystal formation

The correct answer is (e)

Encircle the correct statement:

a. One must maximize the relative supersaturation ratio in
order to obtain a large particle size.

b. The rate of nucleation increases with increasing relative
supersaturation ratio.

c. The rate of particle growth is greately enhanced by high
relative supesaturation ratio.

d. A colloidal precipitate is generally observed when the
precipitate has high solubility.

The correct answer is (b)

Encircle the correct statement:

a. Peptization occurs when the coagulated solid is washed in
a large volume of pure water.

b. Solubility increase with increased ionic strength.

c. Dropwise addition of the precipitating reagent is
recommended to lower the Q value.

d. All of the above statement are correct.

The correct answer is (d)

Yr.
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Encircle the correct statement:

a. Digestion improves the purity and filterability of the Co-
precipitated colloidal precipitates.

b. Addition of an electrolyte increases the chances of mixed
crystal formation.

c. Co-precipitation always causes regative dterminate errors.

d. In homogeneous precipitation, the relative supersaturation
ratio is kept low during the entire precipitation.

The correct answer is (d)

An Analyst tried to determine CI" by precipitation as

AgCl: Encircle the correct statement.

a. Silver nitrate was added slowly with stirring in order to
increase Q.

o. Nitric acid was added to the washing water in order to
increase the volume of the primary and secondary
adsorption layers and hence cause peptization.

c. The precipitate was digested in order to decrease the
relative supersaturation ratio.

d. Co-precipitate was caused by mechanical entrapment.

e. none-of the above statement is correct.

The correct answer is (e)

v
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Solution:

m _ 0.3367

n = =3.176 10~ mol
MO Mw 106

= Ny, co, =Ny 50, =3-176x10” mol
-3
:>[st04]=3=&76"%=0.111\4
v 28.66x10

Encircle the correct statement:

a) The rate of nucleation increases with increasing relative
supersturation.

b) Fast addition of the precipitating reagent to the analyte
solution minimizes (Q).

c) Precipitates having high Ksp values form colloidal
precipitates.

d) Colloidal precipitates peptize by heating in presence of an
electrolyte.

e) In gravimetric analysis it is not important to obtain a
hydrous precipitate as the weighing form of the
precipitate.

The correct answer is (b)

Encircle the correct statement.

a) precipitation from homogeneous solutions have the
advantage of keeping high relative supersaturation value.

b) Coprecipitation is a process in which normally soluble
compounds are precipitated from solution down with the
precipitate.

Yyy
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c) Mixed crystal formation is a kind of coprecipitation that
can, always cause a negative determinate error.

d) Both inclusion and mechanical entrapment are
coprecipitants that can be removed by washing.

e) Digestion is not helpful in reducing errors caused by
occlusion and mechanical entrapment.

The correct answer is (b)

The process of dispersing an insoluble material into a
liquid as a colloid is called:-

a) nucleation. b) digestion. ¢) occlusion.

d) coagulation. e) peptization.

The correct answer is (e)

Suppose that you are adding AgNQO; to NaCl solution.
What is the ion that exists in the counter-ion layer
around AgCl particles after addition of an excess amount
of AgNOj; to NaCl solution.

a. Na’

b. CI
NO5’
Ag’
OH

® o0

The correct answer is (¢)

yyy
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Encircle the correct statement which describes a

gravimetric experiment.

a. peptization is a result of decreased volumes of 1° and 2°
adsorption layers.

b. Digestion increases surface adsorption

c. If one adds a little excess of the precipitating agent, one
can achieve 100% precipitation of the analyte.

d. Mixed crystal formation will always results in a positive
error.

e. Occlusion can be minimized by digcstion.

The correct answer is (d)

A 0.3265 g sample containing NaCl (58.44) and BaCl,
only (208.25 g/mol) yielded 0.3265 g of dried AgCl
(143.32 g/mol) calculate the percent of BaCl, in the

sample.
a. 46.83% b. 25.63% c. 10.39 %
d. 18.62 % e. 37.89%

A 3.586 g sample containing Magnisium chloride (95.0
g/mol) and Potassium chloride as dissolved in sufficient
water to give 500 ml of solution. Analysis for the chloride
content of a 50.0 ml aliquot resulted in the formation of
0.2136 g of AgCl (143.32 g/mol). The Magnessuim in a
second 50.0 ml aliquot was precipitated as MgNH4PO4,
on ignition 0.0563 g of Mg2P207 was formed. Calculate
the percent of NaCl in the sample.

\RR
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a. 19.36 % b. 25.26 % c. 0.988 %
d. 13.44 % e. none of the above

Yro
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Chapter Nine

b p—laall (e
Titemetric Methods
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Titrimetry 5 jmdaall

Js—tae L€ 3aas fase oo (A Abas) (35l (e de sane el
) Lebilad o yal 5alall ma IS (S8 Jeliiy 52y paally 38 5 g yea

(3aS) A yeaa
Includes a group of analytical methods that are based on
determining the quantity of a reagent of known

concentration that is required to react completed with the
analyte.

tt Bl (3 b dae da 4

Valumetric Titrimetry aiaaalls pledl (3
Gravemetric Titrimetry sl 3 laall (Y
Coulometric Titrimetry 454 <V 5 jlaall (¥
Redox Titrimetry J) 5aY) g suShll 5 ylaa (¢

w‘ 3_»‘.:.&.“ 1.....1).\,,3.\;}“ D.JA @?)i.iu;u‘,

Valumetric Titrimetry diaaall 5 el ()
Jslaall pas 4 (5K (53 5 5 plaadl e g 59 s i pag
il el a5 el

Type of titrimetry in which the volume of a standard
reagent is the measured quantity

yva
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wiphaﬂg,ﬁwbgﬂéw@

Some terms used in Valumetric Titrimetry

Standard Solution s jtaad Jslaadl (3
bl Qs 3 poiiy S Ay pma sola (e Jslae b

A reagent of exactly known concentration that is used
in titrimetric analysis.

Lot g Gaead ) (e 55 (G puain g
Primary Standard Solution  J4 5 jbea Jslae ()
Secondary Standard Solution s 5% s _jbas J slaa (¥

ey 32y Lash pa SO a3y C g

Titration 3 jylaal (¥
3ol (g iy Jstae ) (s bomall ol dils) Lo o Adee 8
3 yall 2alall 3paS 05 g Login Jelil) JaiSy o ledidas o pal

A process in which a standard reagent is added to
solution of an analyste until the reaction between the
analyte and reagent is Judged to be complete.

Yo
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(Back Titration) 4:usSall 3 jlaal) (¥
o sl Jglaal e 5303 dpeS Al led o dee oa
Lglibas ol 5l JS e Jelity Cuny Aliad 3l Jladl
g e Jslaa pladinly julay (g el Jylaall 138 (e X130

Leddan o pall salall d2a€ maad] &
A process in which the excess of a standard solution

used to consume an analyte is determined by titration
with second standard solution.

(Equivalence Point) jilsil dhii (¢
Jslaall (e Aliaall salall ApaS Lgd (g gluti 5 plaall & At ,»
Aebias o jall Balall 43aS as (5 jlimall
The point in a titration when the amount of added

standard reagent is exactly equivalent to the amount of
analyte.

e sma3 Y @Y il 35kl laanad Caniay Akadill 038

No physical .Jlaall adaadly 28" olll puas Jia" JL 3 s
.change

(End Point) 44 dkis (o
20 L Gy 8ISl Ak amy 5 ke 5l g Ak 8
558l alaal il 8
The point in a titration when a physical change occurs.
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(Titration Error) 3 taal Uss (1
Sl Jytadll (e dlin) BpS Ailia) e ol Uasd) o
S Al Y Jgasll oY sale e Al Aals ) Jgeasll
Et= Vg -V

N

Jomasl o pal
A ki )

sl p D ool
S s Y

Gl 5l ae alaan L daall 13 8 A€ oy kit
&aY 4w di cigw .(Blank titration)

(Indicator) adAsh (v
e ol s aad Cuny alilas o el Jglaall Cilisisile
.(End point) 4l ddaid J guaa 5l

(Primary Standard) 438 ! & Lol 33
as Jelis ¥ Cuay 3 jiuua (highly purified) 3,5l 4l 30l &
Gl 5 Siy S e Lailad dllyy LSl g el gl yealic

Lia 52 g3 4308 Ailialy dlldg (pima S S Jglae jpudas’s aolaiu g

Vey



U S S Y P & ueu_mcu_h

dma jabal S oo g JgTaall G e ae s aay
Lol 4 jlaadl Jdlaall 3 5 el @ll) y (Reference material)
) Lggle 31l dlec & (Secondary Standard Solution)
e A ol A Ll o gall 3 5 aaadl Sl (Standardization)

CJili L 5 olaal) ddae ¢l ja)

G o Sse G 5oke DY) A hedl) sall 5% ale IS
lim s cli §f (weak acid) chumis Gaes ()5S 238 (weak)

.(weak base)

i hy Qliate A0 V1 A sl solad b o cany

.(High Purity) adle 3 4& ()

-(atmospheric stability) s sall ¢l s¢ll 55 jshuua (¥

dgsadl dgsha l Galiial o 50l g dile S 5e sS5 Y o (Y
.(absence of hydrate water)

.(Modest cost) 4lsies 434S (¢

Reasonable 3 sl 4 s 525w g3 W dan gl iy (0

.solubility in the titration medium

vevy



el At sl < Vel Y plid

dlee o il candl Ladl) (il ll3 g) Zmis ya 4 g AES lliay (7
Reasonably large molar mass . € jill Gl 8 o) 53l
(Mw)

(Secondary Standard) 4 oili) 4 laall 35LaY o
Gr‘n\__ygs.“ J—alanll &ﬂ‘}h)ﬁ)ﬁhﬂ@kﬁuu@\aa_g J‘y@
(Reference s o 33l axin s " Il (5 jlna Jslae pa 5 _plad
Al Ay jleall Balall (6855 66 _plaall Jidasll cillee 4 material)
o (strong acid) (553 e S 28 (strong) 48 ale JSy
2 ... (strong base) 4, 8 s2cld

1A Cliall dBa o gl s3a e cany
be o}u\mc|}|l‘.\s‘aug_d\o).\ﬂ|d\).;Mo (\

.sufficiently stable
React rapidly with lelas o jall salall ae ay o S0 Jelis (Y
.the analyte

React more Lgldad o yall 3oLl aa Lu 6 JaiSa JS5 Jelin (¢

.or less complexly with the analyte
Undergo  \eldad o jall saladl e adeling 5, 058 o sy (8

.a selective reaction with the analyte

Yee
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Volumetric Calculation 4—aaall 3 piaal) clolua

Abled) e eVl Ll Gl L ye LS lin aa a1 Y
ALS' Lee g D) o Jalaall slay y &Y sall 230 (s g A g ) sal
Sl 03 praa gias 00 ALY A ¢ 38 5

Example:
Describe the preparation of 2.000 L of 0.0500 M AgNO;

(169.87 g/mol) from the primary standard grade solid.

0 (0.0500) 5 fiy (2.000L) ponat Jslae jsumas 4y sl Cie
alall A Y aasle (30 (MW=169.87g/mol) AgNO;

Solution:

NagNno: =M X V
=0.05x2=0.1 mol

Magnos =N X Mw
=0.1x169.87=16987¢g

Example:

A standard 0.0100 M solution of Na" is required to calibrate
a flame photometric method to determine the element.
Describe how 500 mL of this solution can be prepared from
primary standard Na,CO; (105.99 g/ml).

Ytio
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Gu—b 52a) b 2a3i (0.0100m) S5 (Na¥) e s bne Jolas
A€ Ciia ¢ paliall 3ail (flame photometric) &5 J¥1 Jidacl
s mad Jyladl (e (81 13a (a (S00mI) pnny Jlaa una
(Mw=105.99 g/mol) (Na,Cos) Js¥)
V=500ml=05L
n..=mxV

Na
=0.01x0.5=5%x10" mol

2mol Na® —— I mol of Na,CO,
5x%10° mol Na* —— X mol of Na,CO,

5x10°

=Ny, o, = 5 =2.5%x10" mol
my, o, =NX Mw
=2.5x10" x105.99=0.265¢g
Example:

How would you prepare 50.0 mL portions of standard
solutions that are 0.00500 M, 0.00200 M, and 0.00100 M in
Na' from 0.010 M solution of Na*?

0.00100m (¢ 0.00200 m (b 0.00500 m (a

Na® (e (0.010m) 38 sy Jslaa sa

A\
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Solution:

a) M] V] = M2 V2
0.01 x V;=0.005 x 50
=2 V,;=25ml

b) M1V1= M2V2
0.01 x V,;=0.002 x 50
= V1 =10 ml

C) M]V]= M2V2
0.01 xV,=0.001 x50
= V] =5ml

Example:

A 50.00 mL portion of an HCI solution required 29.71 mL
of 0.01963 M Ba(OH), to reach an end point with
bromocresol green indicator. Calculate the molarity to the
HCl.

ma Jlae b e 2ie Aylgill ki) J o sll 5330 HCI (50 (50.0 ml)
=S sl (29.71 ml) saay (0.01963) S5 (Ba(OH),)
¢ HCL —J 5, 5l

Yev
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Solution:

Vauom, =29.71ml=0.02971L

D guormy =M X V =0.01963x 0.02971=5.83x 10 mol

1 mol of Ba(OH), — 2 mol HCl
5.83x10"* mol of Ba(OH), — X mol HCI

=n,, =1.166x10" mol
V,.1=500ml=0.05L

-3
oM, =R =110 4 5r333Mm

v 0.05

Example:

Titration of 0.2121 g of pure Na,C,0; (134.00 g/mol)
required 43.31 mL of KMnO,. what is the molarity of the
KMnQj, solution? The chemical reaction is:

2MnO, +5C,0,” +16H* —>2Mn, ++10CO, +8H,0

(NayCy,04) J  dall aald e (0.2121g) s pee  2ic
 (KMnO,) Jslae oo (4341 ml) ) Lsis) (Mw=134g/mol)
P Jelall uﬁ‘.l.d‘,KM.rlO4-—j(§Jy_,A“ 3aS_al

2MnO, +5C,0,” +16 H* —— 2Mn, ++10CO, +8H,0

YEA
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Solution:
Lt (o Aladdl 3 G047 § KMNOy e o asleddy MOy
.Na,C,04

m 02121

\Y/ = =1.583x107 mol
NG Mw 134

5 mol of Na,C,0, — 2 mol KMnO,
1.583x10” mol of Na,C,0, — X mol KnO,

= Ny, =6.33%107 mol
Viwo, =43.31ml=0.04331L

-4
M. =Dn_0633x107 _ o460 M

M0y 0.04331

Example:

A 0.8040 g sample of an iron ore is dissolved in acid. The
iron is then reduced to Fe*" and titrated with 47.22 mL of
0.02242 M KMnO; solution. Calculate the results of this
analysis in terms of (a) %Fe (55.847 g/mol) and (b) % Fe;04
(231.54 g/mol). The reaction of the analyte with the reagent
is described by the equation.

J 58] ady cpaala Al caaall Ali e due )5 (0.8040 g)
pans (KM,O4) (0 Jslae po 45 plan & 2 (Fe?) I Jsaid paal
S e mitll caual (0.02242 M) S 515 (47.22 ml)

vea



I S S P DU S Elaay) plicia

(Mw=55.847 g/mol) Fe — 4, sl il (a
(Mw=231.54 g/mol) Fe;0, — &, yiall 4uill (b

Solution:

a)

Vo, =47.22 ml=0.04722L
Npo, =MXV

=0.02242x 0.04722=1.0587x 10" mol

Imolof KMnO, = ——> 5molFe"
1.0587 x 10" mol of KMnO, —— X mol Fe**

=>n_,, =5.293x 10” mol

:’MF=1+ =nxMw
=5.293x10" x 55.847=0.2956g

0 +2 mFe” 0
% Fe'" =——=—x100%

m sample

_0.2956

= x100% =36.77%
0.8040

Yo.
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b)
5.293 x 107 ) sbaiy Js¥1 g il e Fe?* oY 5a 220 Liaa

Y S Lo (g giay (FesOy) o ts3a JS o Badliy (mol
(Fe) o
3molof Fe? =~ ——1molFe,0,
5.293x10” mol of Fe** — X mol Fe,O,

=1.764x10" mol
=nx Mw

=1.764x10” x231.54=0.4085¢

=>n

Fe,O,

=m

Fe, O,

m
%Fe,0, = 2F0 4 100%
m

sample

_ 0.4085
0.8040

x100%=50.81%

Example:

The phosphorus in a 4.258 g sample of a plant food was
converted to PO,> and precipitated as Ag;PO, through the
addition of 50.00 mL of 0.0820 M KSCN. Express the
results of this analysis in terms of % P,0s.

The chemical reactions are:

vel
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P,0, +9H,0—>2PO,” +6H,0"
2P0," +6 Ag+—>2Ag PO,
Ag" +SCN" ——> AgSCN

Lebisad &5 (4.258 g) s bl plakall (e die B 35an gall ) giaadll
Blals (Ags POy I8t (e 31 138 53 55 (PO5”) Y
o3 AgNO; (a 33315 AgNO; (50 (0.0820 M) 3 3 (50.0ml)
% (KSCN) ¢5e (0.0625 m) 35 (4.86ml) e LS 45 slae

(% P;0s5)— 4 siall dailly Jdall 405 0

Solution:
1 & Jpemially Lela il poias (A BpuSall 5l Siay J 3l 10
gl g2y J) el
AGNO, =¥ 3a 20 AgGNO, <¥saxe | _ [ AGNO, S0 220
KSCN gadetadi | + | PO 3 gailetisat | = S

o Jpally slaaddl ¥ alaall DA (ha g
2 mol of PO,” —— 6 mol of Ag’

Yov
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_ -3
= NagNos = 3XNpos”~ e, (2)

e alelanall
PO,

1 mol of SCN" —— I mol of Ag®

(1) a5, Aol 3 (2,3) Ofibilaal my pai

MxV)
(0.082x0.05)= 3n__ , +(0.0625x 4.86x 10%)
_(0.082x 0.05)-(0.0625x 4.86x10")

ANO, = 3 npo,-’ + (M X V)KSCN

= 3nPO,” =

3

n, . =1.2654x10" mol
el sUanall Y olaall o Y1 Asladdl e

Yor
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1mol of PO, ——2mol PO,”
X mol of P,0, —>1.2654x10” mol PO,”

=n,, =6.327x10" mol
=>m,, =nxMw

=6.327x10" x141.9=0.08972¢

m
%P,0, = —=x100%

sample

~0.08978
4258

x100%=2.11%

Types of Titration 5 yelaall cl_sais £} ol
tlat 55 pulaall Cilindie e (ue 55 2

Sigmoidal Curve (S)  Aada (9
3 —all s2lall (P-function) (P) o sl au (Aaiall 138 (<
(Reagent) il sl Jytadll aas Jis (analyte) eliss
Ay (S) G JS e (5808 el Adee (6 aasid)
.(Sigmoidal Curve) aul 43le 5l

Yot
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Liner — segment curve Juakial il Jdaid) (¥
(instrument reading) Jleal) sel o i o5k inial 138
5t a1k ol Bl il a3y 5 pladdl e b padiunal
sbaall Joladl o s (L lis (analyte) Lelilas o yall solal

.(Reagent)
A_hii die Juaiie e bod oo 5 ke daiall JS3 of Bl
(Linear- pul adde alhy UM (equivilant point) al<all

.sigment curve)

Instrument reading

v  Equivalence
T / point

=IOl PSP e

Reagent volume
@) Lincar-segment iy

Yoo
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das diada
(equivilant point) 3aL_Sl & ais a8 gl 45 ) (555
LOopiaiell WS @ Baaas 4hs

(Precipation Titrimetry) cuw 3l §_lae

Oe sl 1 (Aaale s (Ll maad ) Led S Al 5 plad) 4
3 sl-aa 32LS (Silver nitrate AgNo;) duadll < 5 2335 5 jalaal
(I, Br,Cl' ) Sl aw Jeliah e 45 58 5 (Precipitating Agent)
J— (halide-like anions) <ol A gl ddle 3 s 1
b el Gl Leas Ag” 068 2uay (CNO, CN, SCN))

soaddl e g il 138 e (3l (AgNO3) Auaaill il i aladiad ey
) QS tall e g ol 138 4 (Argenometric method) auf
salall g 2 gll BEBL 2324 daaa ui Cuaa B_)g‘.aa.“ 3alall )&(AgNO3

ey Jaly) Jiull 5% L Al sVl Cladledl a5 5 uladl
oSl §f e 38 5y aaas (Beacker

sty Iallell Ll 0,50 (P) 0 58] ot o 5_plaal 538 Dl
«ilad) (AgNO3) paa Jiis (P[Ag']) S (P[X )

+iliadl (AgNo3) paa Jilia (P[AZ']) pua s igns Ly

vou
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(X) 4e2d 5 Al Y 5o 230 5 (AgNO3) Y g 23a] L jae DA 1e
S iy eled nlidd) o ga alasid o 8 plaall (o Lind ge 43 yra i
P A L

(at initial) 5 ylxall 4day A ()
(Ag")ae (X)) 0 oo Jeliy o)

N agnes = 0. (nAgNo3 = Ng+)

=
Px =-log [x]
(Before equivilant point) ‘il ddaki Jd (Y
nX' >nAgNO,
+ Ksp X V'Iol
[Ag']=—r o
LIRS Y

Vo = Total Volume (L) Jslaall LI paal
AgNo; 5 X' Jagaall g geae 5

n. . -—n
= [X-]= X 7 AgNO,

Tot

Yov
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(at equivilant point) s ki sis (¥

nx = nAzNoz

=>| X1=[Ag'1=K,

(after equivilant Point) s8Lh dkis wy (¢

nAgNo3 >nx<
n -n_.
= | [Ag']=—2—
VTot
K_xV
[X— ] = sp Tot
nASNOJ - nX

1Ay aliadla

a3 (AgNO3) 5 (X)) S ¥ 30 22 2 jaa oy llall (555
cailiall gl asiul g5 glaall Gy dladga i
ol il JS0 Lealadnn Lehasai g ol ol (Slandly b 23

YoA
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(Jad) @3l g gy BN gl o

Example:
Perform calculations needed to generate a titration curve for

50.00 mL of 0.0500 M NaCl with 0.1000 M AgNO; (for
AgCl, Ksp=1.82x 10™'%)

Reaction:

S5 (NaCl) Ge Jslaal 3 iz e Jaed pubiall Cilibuall Josy o8
S5 AgNO; (1 Js—as a= (50.00 ml) aaa 5 (0.0500 M)
(Ksp for AgCl=1.82 x 10"') .(0.1000 M)

Solution:
O ln g BLullS @ phs af (o b laally p gl Cigun Ul (55050

-(P Cl) 3 (PAg) e

(Vagno:=0) ddadl xie (1
= Nagnos = 0
= [CI']1=[NaCl] =0.05 M
= P =-log [CI'] =-log 0.05 =1.3
(VAgNO3=10 ml) stl<ll adads Ja (¥
VNaCl=50ml=0.05L
VAgNO3 =10ml=0.01L

Yo4
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rob Q) g 33 STy (Agt, Clo) (e IS Y e 30 qilay a4
ncr = nNaCl

n .=n

Ag AgNO,

=>nCl-=MxV=0.05x0.05=2.5x 10-3 mol

5_yaall 5 ) gk 4305

nAg+=MxV=0.1x0.01=1x 10-3 mol

nCl- > nAg+ = slsal akii J8 s

K_xV
[Ag"]=—"—"
N -0,

_1.82x10™ x (0.05+0.01)
(2.5x107)=(1x107)
=P, =-log[Ag"]=-1log(7.82x10°)=8.137

=7.82x10"°

(VAgN03=25 ml) al<all ddagy aie (T’

1.
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Vo, =25ml=0025L
n, =2.5x107 mol (Gl g il )
n,. =MxV=0.1x0.025=2.5x 10° mol

=n, =n,. = ik e oa

[CI']=[Ag"]=+Ksp
=+1.82x10" =1.35x10° M

=P, =P, =-log(1.35x10,)= 487
(VAgNo]=26 ml) A adaih ey (i

\Y%

o, =26ml=0.026L
n, =2.5x10" mol ()
n,.=MxV=0.1x0.026=2.6 10” mol

=n,. YN = s Ak oa

n.,—n_.
= [Ag+]= AgV cl

Tot

_(2.6x107)-(2.5x107)
(0.05 + 0.026)

=1316x10"° M

=P, =2.88

AR
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K,xV,, 182x10" x (0.05+0.026)

[CI"]= 5 3 =1.38x10"M
0,0, ~N- (2.6x107)-(2.5x107)
it ) B 3 0 \

Factors affecting of precipitation titrimetry

(jump) 53—l <l j (analyte) Leldas o yall salall 38 5 o 5 LS (0
a3y el 3 plaall s ol 5 pileall dglec

10 — —— r
i . ! f : i
i ' . | ! ¢ !

r — T ‘r -
! A (,('N"A-CI]::o-eSW-
. = O AU T N
——z_ | b
‘,im \] :
§ |~Eatacy” LQige T A
L3
| Ponid) \
: e YL
region nira L
. i r\ |
o ==
P : I S ,
]
]
!
i
|
° ;
000 10.00 .00 30.00 «no

Volame AgNO,, ml

gea Ay Jilasl) ddee b (jump) 5 8V il ) (Ksp) <ls LS (¥
A8 STy il 5 psladll

vy
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PAg

0.00 10.00 0.0 SD.I:J(J
Volume 0 100G M 8N, mL

(AgNO;) dhui 33 b plaal B dasideall Cidd oSY
Indicators for Argentometric Titrations

Sy La S Gipu (AgNO;) alasiuly 5 pleall 3 5b D 22 gy
29 el 4d 5 5 A (medium) dau sl y Led Aeriiiuall ol <U)
LIS
(The Morh method) s 4ijh (V)
CI, Br, ) il <l (e JS 58 5 paas) Ay yhall 038 a24is
(Chromate ion Cr04'2) Caga g S o o paiie Gy (CN°
il ) (brick-red) sasasi sl gy as Cuay callss
aldas 3 yall 0 50Y) S el any () sSaall (Ag,CrOy Precipitate)

iy
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&.,dtd\ FAK\POA] [EETVEN (CN, BI'-, Cl-)

2Ag" 4+ Cr0? — AgZCrO«S)
brick-red

Lﬁ.\_r_li _gi (neutral) Jal 2t oy g;’ 3 leall 038 Zaan J au
5 e CrO42 oY iy (PH from 7-10) (Basic medium)

-(acidic medium)

Bodaally g Ay jh S5y RIS Gals (CrO,7) sy iy
(Direct Titration) 3 bl

(The Fajans method) clald 44y )k (Y)
daaliaey Cadl € oty 3,20l 5 pledd) 0 Glalh diy sk Jaad
AL any (G sSiall il | dasy (3aili (adsorption  indicators)

ol Glide ol eUaeY 3 580a (equivilant point) sl
radl oS o3a sl ey

A) Fluorescein indicator
(vellow — green) suasl I Jiali o 4ig) sy o

Yi¢
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B) Josin
b Jd ad ga 5lSal A ey cand I S Lo ) Canay
day Gl g Jsladll 8 (excess) B0 sa [X-] oS sl
Bia s Liad a Jeay g3 CRlISH pa il UYL
Al

In

In’

Lyl (excess) 30 o S (Agt) ol ol 58S Al ey U
vl Il aday g SIS ae dlay Al I

-Ag“' In+

Yio
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(accurate) isds ;s (Rapid) daw ¢olali 48 )k Caus 5 pladll ()5S
L«__é U)S:E ;..a:\.u‘):\]‘ C'J\)gl.ua (e el 33 glaa Lq-\g (reliable) uJLAAJ

Aoy (5908 il

(The Volhard method) 3¢l b 4dy kb ()

3000 Asleall Caus (SCN-) e (AgH) 5slae e 4 ykall 028 adiad
Ag® + SCN™ = AgSCN(s]

s—aal 4 Jydaa asy 53 (Irom (I11) Fe+3) alls alasiul

A Dlaall oo SN ddads 2ey SCN- (0 23 3 ae 4 li Sie (red)

:alal)
Fe* + SCN* ——p FeSCN?_

(Back-titration) duu—Se 5 ylsa Jao o 3 jledgh 43k a0 Wil
3 pall alall (g giagy (AN J glasll (AgNO3) (ye 53 ) dnaS ddlals &l
&0 AgNO; (s (excess) 3 3y S JS30 L Jelially (X)) Lebidas

(Fe™) casls alaanuly (SCN) ddaud g 45 julas

o g% 1y (AgBr, AgCl= AgX) 4ud e J8 (AgSCN) i
e A Al (Jglnall e AT A i any (X)) lSa (SCN) oy o
i@k oo Jelal) 1 aie

it
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(SCN) pe Ag™ (e 31 3 5 laa 6 el 38 (AgX) o i )
Filtrating the silver chloride before under taking the
Back-titration
O—a leaid (Nitro Benzene) salay gl (AgX) cand ) calis .Y

e lad
Use Nitro Benzene to cover the (AgX) Precipitate.

als Aadle

e—id (acidic medium)  aels Jauy 4 Jeliad a5 ya of G
Jelill s (Fey03) awall 1l 0S8 Ll (Fe™) cadldl cu
A0

Fe* + 30H ———> Fe(OH), —= Fe0

~ 27 5(s)

NERY < ) 5 ulaa fodlia
Principles of Neutralization Titrations

saclilly paeall SR 5 jlaay a gl (g i plaall o 6 Jall 12
Ayl OS3o(V0)) ehiasS (g Line e (A Adassall A3 pdally Gad (S
.L__.\gu_)ﬂ‘B)Qbao‘:\igu\ih‘,]‘aamgd_)_,wi)gu‘u’_la.'u‘a.u_)l

vy
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:(standard solutions) 4 sl Jullasl

o Oaleal (5% saelil y Gaead) 5 lae 8 Aeddtall 3y jleall Jillaal
HCl) W el as (always strong Acids or Bases) Lt igglacl g
OsSa—w B2a gl o284 .(,HNO; ,HCIO, ,H,SO, ,NaOH ,KOH
Ga 5 HCIO4 (HNO; 43y 1l bty Jaad Al HCT) I Lialasid

(KOH a3 ;b iy Jass Al NaOH) 5 (<bbasal

Lol Y 4y lme I gaS dipmaall 2e) gill g Aismacall mlaa) aaanis Y
JAaaaall Jland "G_‘D\Z\S"-LM'YQUL\QJ(LMSA' _)g'c)f-gkg

:(Acid/Base Indicators) e/4illy o past ddd]gS

5 Adsaa 4y guae Galeal o ke 32ty aeall 5 ples el @ )6

maa (s} o ASSHie y2 (g L) aliny Sy ddieiia 4 5ac el 5

a3yl Loaeld

Weak organic Acid or weak organic Base whose

undissociated form differs in color from its conjugate Base
or its conjugate Acid

) Aed) o

Hin + HO = In + H,0*

acid color base color

YA
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phenol ) ol Jsid 5 a daritusall 4 genell Call SU o Sl
bugl i (colorless) sl e (o 435l iy 3 (phthalien
> (pink) s —a 4 (red) seal Y (acidic medium) aslsl
3—llai Lgd Jaay 3 38 o (23S JS (Basic medium) (gac @) Jaus 4l

(Indicator PH Range) <allSll jua g yuell 4l (520 o Ledle

Indicator PH Range = PKa + 1

comalall ¢ gl (e Sl SEll <yl yues = Ka
Equilibrium constant expression for the dissociation of an
acid type indication

oai Y Al (Ka) A il S

CilSl il adaiog Jaa g uedl A G gaddl 138 ad DA g
1iaylgspsiiw Al 5 plasll Lleal (Suitable Indicator) caulial
equivalent ) 5L il A _lais 4 4 g juel 4800 s2e jlialy

Adada (ye blaall e (point

¥4
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* Some Important Acid/Base Indicators . L :
Common Name Transition Range, pH pK,* Color Changet Indicator Typei

Thymol blue 1.2-28 1.65§ R-Y 1
8.0-9.6 8.96% Y-B
Methyl yellow 2940 R-Y 2
Methy! orange 3.14.4 3.46§ R-O 2
Bromocresol green 3.8-54 4.66§ Y-B 1
Methyl red 4263 5.00§ R-Y 2
Bromocresol purple 5.2-6.8 6.128§ Y-P 1
Bromothymol blue 6.2-1.6 7.10§ Y-B 1
Phenol red 6.8-84 7.81§ Y-R 1
Cresol purple 7.6-9.2 Y-P 1
Phenolphthalein 8.3-100 C-R 1
Thymolphthalein 9.3-10.5 C-B 1
Alizarin yellow GG 10-12 Cc-Y 2

*At ionic strength of 0.1.

+B = blue; C = colorless; O = orange; P = purple; R = red; Y = yellow.

(1) Acid type: HIn + H.O = H;07 + In~; (2) Base type: In + H,O == InH™ + OH".
§For the reaction InH* + H,0 = H,0* + In.

Example: |
) Jsiall e J5as iV = 5 sl ddeal 3ilSal Ak calS 1)

¢uay (6.8 — 8.4) ;& s sued Al s lhiay 530 (Phenol red)
e (g (P=T) 055

YV
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Ll s il g el alaall B plaa
Titration of strong Acids and strong Bases

e lin iy 55" (598 aeas (HCI) 5 sleddl 10 b padiins Cogas
" 448 530S (NOH) 5 "aaphal) uiiy U3 58 HCIO, 5l HNO;
Pl ¢y plal iy "y Sl ity Jadl (5 5< KOH 4ilSa Linaay ),

(HCl (NaOH) (e J8 <Y 50 222 e

Jslaall i eas sl HCI oS 1Y )

= | [ H;0"] = [HCI]

Jslaal i s il NaOH culs 13 .Y

= | [OH]=[NaOH]

(Nngon < nyey) OIS 1Y LY

n NaOH

+ n =
[H,0°] = R uen

Tot

|

/
S daay

vV
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(NNaon > Npcy) OIS 1Y .8

n HCI

= [OH—] — Ny.on -

Tot

(NNaoH = Nycl) S 1Y .o

= PH=7

53l e 5 g aes Jelin o ales iy o 38SEN Akl Lilay (oS5 LY
(neutral salt) Jolatie pela Jaay 4,68
tdad 4dS ma gy JUN Jgaldl

Example:

Generate the hypothetical titration curve for the titration of
50.00 mL of 0.0500 M HCI with 0.1000 M NaOH.

(0.050 m) 3 5 (50.00 ml) 5 jlaal ool Y1 5 plaall Jinia alua)
(0.10 m) 1S 5 (NaOH) (ye (s bas Jslae aa HCI o

Solution:

:Qtﬂ&@_,wﬂ‘i)gbgid_))\ASLme Al - P
at initial (VNaOH =0 ml) alall o (\

Yvy
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= [H;O']=[HCI]=0.05M
= PH= - log[H;0"] =-log 0.05=1.3

Before equivalent point(Vnaon = 10ml ) 38l ddais J& (¥

N =mxv=0.05x50x10>=2.5x 10> mol

Nnaon=mxv=0.1x10x10?=1x 10 mol.

=NHCI > NNaoH

(2.5x107)-(1x10%)

=0.025M
(50 +10)x10™

L, M. =N,
[H10 ]= HCIV NaQH —

Tot

=PH=-10g 0.025=1.6

at equivalent Point  (Vngon =25 ml) 5l ddads xie (¥
nuer = 2.5 x 10™ mol (AL 3 shall ()

Moy =M xV=0.1x25x103

= Nycl = NDNygoH = PH=7

Yvy
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after equivilant point (VNeon=25.1 ml) 5alSal ddais aey (¢

Nyc1 = 2.5 x 10-3 mol

= oy =M xV=0.1x25.1x107=2.51x 102 mol

=NNaoH ~ NHC
rlHCI

= [OH] — N yaon =

Tol

_(251x10%)-(2.5%x10%)

=133x10™* M
(50 +25.1)x10°

= POH = - log [OH] = 3.875
= PH = 14 - POH
=14-3.875=10.12

Sécﬁcn“;_,sumai_)gh.auc@u“fmn“dSJc.m_,iW‘imJ‘_,

T

12.00 7

I
]

10.00 l.
Phenjolphthein g
transition range Uk

8.00 LA

Brpmothymol brue
:E. 6.00 (ransition rang

Bromocrésol gre

transition range;

4.00 —=

2.00

S R
0.00 . .

0.00 5.00 10.00 15.00 26.06 25.00 30.00
Volume of NaOH, mL

Yve
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Titration for weak acid with strong base

e oS Ayl 5acllly (HA) — il Gaeall e i oigu

(NaOH)
at initial (Vnson=zero) &jad 3 (

= | [H,0']=/Kax[HA]

Before equivilant point s8lsal dbii 4 (¥

(NNaou <Nga) OS5 Lexie

= |m,07] =22 (“I;u M)

NaOll

At equivilant point S Al e (Y

(NNaon = Npa) 055 Lexie
= | [oH]= /Kb x Dot
VToI

Yvo
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ol Sy

Kw =K. xK,

Agnin 3308 pe e Gaea Jelis oY La (7 < PH) 058 o cany
.(Basic salt) el mle aay

After equivilant point 9Ll A ey (€

NHA < NNaoH O3S Ladie

Dy

- [OH—] — N yon =

Tot

Example:
Generate a curve got the titration of 50.00 mL of 0.1000 M
acetic acid with 0.1000 M soldium hydroxide.

s (Ka=1.75 x 10%) i) (amas Jslaal 5 el Sinie pinal
£0.10 M S 5 (NaOH) Jstas aa (0.10 M) 35 555 (50.0 ml)

Solution:

(Vnaon=zero) dadl 4 ()
= [H,0"]1=+Kax[HA]=+1.75x10" x 0.1
=1.32x10° M

= PH=-log(1.32x10")=2.88

Yvi
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(VNaOH= 5ml) 8l adagy ()8 (T

=ny =MxV=0.1x50x10%=5x 10" mol
Mo =M xV=0.1x5x%x10>=5x 10*mol

= NyA - NNaoH

= [H3O+] - Ka (nHA 'nNaOH)

n NaOH

_L.75x 10° (15x10%)-(5x10%)
5x10*

=1.575x10"* M
= PH=3.8

(VNaOH=50 ml) 5Kl 4dady i (\‘
Npa =5 x 107 mol (_lad Llee o3 a5,
NNaoH =M xV=0.1x50x10°=5x 10" mol

= NyA = NNaOH

= [OH]= /Kbxhi
VToI

-14
Kb=XW _ 1x107 o5 10
Ka 1.75x10°°

Yvy
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-3
S [OH]=_[5.71x10" x—219 _ _ 534510 M

(50 +50)x 10°

=P, =5.27
=PH=14-P,, =872 (7 os sl sl o a2l

(Viaor=51 ml) 58l i ae, (£
npa=5 x 10~ mol
Maon=MxV=0.1x51x10"=5.1x10"

= NNaoH -~ NHA

-3 -3
[OH‘]=nNaOH nHA =(51X10 ) (5)(130 )=9.9><10—4M
V., (50+50)x10°
2P0H=3
=>Py=11

058 L LSl 5 pladdl o (PH) G b aba ) Ul 5 3je Badls

ki (weak  acid) cimaa pasa (5 5 pleall iaie Pha (g
el At ddluell Cuaiie v atly @l (Ka) daf o Jganl
PH = Pka laic ;< (at half titration point)

YVA
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I
PH=PKa ,
:
|

laall | ol i Jal
Factors affecting of titration curve

L' A}

The effect of concentration S i il +

LS [NaOH] 4l s2c@l 4 [HA] il jmasl 38 5 3 LS
=y Juadl 5 plaall praad @iy g 53lSa) i xie (Jump) 636 <) )

Ka of HA T = strength of HA T = Jump T= good titration

Yva
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12.0

10.0

8.0

pH

IAVAVRNRY

-
—
e

6.0

4.0

(K =100/

2.0

0 10 20 130 40 S0 60
Volume of 0.1000 M NaOH, n_JL

<Elie
TR

— -
- Strong agid

Phenolphthalein
transition range

Bromothymol blue
transition range

Bromocresol green
transition range

. paes aa ddaa e\l b ulaa

Titration for weak Base with strong acid
—Say (81 45 98 32cl8 e Ciumin aes B e (B Gl Bl i aadius
(A") auai (HA) Jas [HCI] quims [NaOH] Jay e )) ¢yl il o3
LIS sl (( [OH] doad [H3O+] Juy Kb auai Ka Jaus

At initial (Ve = Zero) &a A ()

=|[OH ]=/Kbx[A']

YA
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Before equivalent point Bl adeis )3 (¥
Nyc) <Np° OsSs Leaie
Kb(n _-n
= [OH-]: ( A HCI)
nHCl
At equivalent point sl ddads aie (Y

Nycp= Na- OS5 Ladie

={[H,07]= Kax%

Tot

(Acidic Salt) ads xle (&0 Ua (7> PH) dad 058 o cs

after equivilant point 8aad Ak (¢
Ny > Nyet 0585 Ledie

N, -n,

=|[H,07] =2

Tot

Jaaitly Jal & 5k J gl 13

YA
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Example:
A 50.00 mL aliquot of 0.0500 M NaCN is titrated with
0.1000 M HCI. The reaction is:

CN' + HO" =———== HCN + HO

aaa 5 (0.050 M) 355 (Kb=1.61 x 10°) NaCN (s e Jslas
¢(0.100 M) 3S jis (HC1) Jstaa e Wi plaa 23 (50.00 ml)

Solution:

= [OH']=+Kbx[A"]

=4/1.61x10° x0.05=8.97x10"* M

(VHCI = 0) &l s ()

POH=3.05
= PH =14-3.05=10.95

(VHQ:]O ml) salkall abay Ja (T

=0, =MxV=05x50x10%=2.5x 10" mol
g =MxV=0.1x10x10"°=1x 10? mol

= na >y

YAY
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Kbx(n, -n.)

= [OH]=
nHCl
.5 -3 -3
_L61x10 ((2.5x12 )-(X107)) 5 41x10° M
1x10
POH = 4.62
PH=9.38

(VHCI=25 ml) 38l<all ddass xic (¥

ny =2.5x 107 mol (3 a5 56 ) sl 43003)
nga =MxV=0.1x25x10"=2.5x 10" mol

= Np = Ny

. n
[H,O"]= Kax%

Tot

-14
Ka=XW_ X107 o ix10™
Kb 1.61x10~
-3
[H,0']=_[6.21x10™" x 256107 _ 455510 M
(50 +25)x10”

PH=5.34 V e Ji

YAY
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(VHCI=26 ml) 5ilsall adas any (¢
ny, =2.5x 10 mol
N =MxV=0.1x26x107=2.6x 10> mol

= Nyc > Na

(H.O']= n,-n, (2.6x107)-(2.5x10%)
0= =

——21=132x10° M
V., (50 +26)x10

= Py =2.88
S Ak vie la gy SSH (5 0Ss PH daf 8 (el Laadls

:aiadle
(Jump) 3 3—idl e Sl L3 8 S ) disaadall 52c Gl Kb ol j LS
Al Sy Quadl 5 plas el g Sl ilgal) dbds v

Surong base

120

10.0

P Z2¥E - Phenolphthalein’
2 " trapsition range

8.0 .
: 3 Bromothymol blue
uransition range.
6.0 \ | - — 3 g ge. .

| X, =§10-lf'=_";i-t.'ﬂ = Bromocresol green
4.0 b HiY St transition range

pH-

2.0

0w M 3 0 50 60
Volume of 5.1000 M HCI, mL

YAL
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Nitrobenzene C¢HsNO, (molar mass=123.11 g/mol), is
quantitavely reduced to aniline COHSNH2 with metallic
tin (atomic mass=118.7 amu)

3Sn+2C,H,NO, +12H + —>2C,H,NH, + 4H,0 +3SN"

A 0.507 g of impure nitrobenzene sample was treated
with 1.044 g of tin. When the reaction was complete, the
residual tin was found to weigh 0.338 g, calculate the
percentage of nitrobenzene in the sample.

a. 50.34% b. 64.78% c. 77.32%

d. 96.12% e. 17.57%

The correct answer is (d)

The color change of a chemical indicator requires an
over titration of 0.03 ml. encircle the correct statement:

the error is an indeterminate error.

The error is called a proportional error.

c. The percent relative error when the volume of the
titrant is 50.0 ml is equal to 0.06%

d. The error is considered a gross error

e. All of the above

o w

The correct answer is (¢)

YAo
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Calculation the mass of CO, (fw=44.00 g/mol) that is
evolved from a 1.204-g sample that is 36.0% MgCO;
(fw=84.00 g/mol) . CO, is evolved upon treatment of
MgCO; with an acid.
CO;* +2H" — CO,+H,0

a. 1.021 g b.0.677g «c.0.521g d. 0.352g e.
0.227g

The correct answer is (e)

Solution:

=30 L 1204=04334¢
100

mMgCO,

m 04334
Mw 84

o, = N2 = Nygco, =5.16x10" mol

=me, =nxMw=516x10"x44=0.227g

=5.16x10" mol

= Nyco, =

n

Nitrobenzene, CsHsNO, (fw= 123.11 g/mol) is
quantitatively reduced to aniline CiHsNH; with metallic
tin (molar mass=118.710 g/mol)

3 Sn, + 2CcHsNO, + 12 H’; — 2C(H:;NH, + 4H,0 +
3Sn*

A 0.5078 —g sample of impure nitrobenzene was treated
with 1.044g of tin. When reaction was complete, the

YA
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residual tin was found to weigh 0.388 g. Calculate the
percentage of nitrobenzene in the sample.

a.37.50% b.50.8% ¢.72.0% d.96.12% e. 98.7%

The correct answer is (d)

Solution:
l"Sn - mbn - mSn

Lelisd gy o0

=1.044-0.338=0.706 g

=M 270 co47x107
" Mw 118.71

=n

3molcfSn  —— 2molC.H,NO,
5.947 %17 w10l of Sn —— X mol C,H,NO,

=>n =3.965x 10" mol

C4H;NO,
= MC,,Hmo, =nxMw
=3.965x10" x123.11=0.488¢g

m
% C H,NO, = —™= x100%
m

_0.488
0.5078

sample

x100%=96.12%

YAY
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Titration of 50.00 ml of 0.05251 M Na,C,0, required
38.71 ml. of a potassium permanganate solution:

2 MnO;- + 5 H,C,0,+ 6H" — 2M," + 10 CO, + 8 H,0
Calculate the molarity of KMnO4 solution

a.0.02713 M b.0.2829M  c¢.1.051 M
d. 0.5000M e.0.3276 M

The correct answer is (a)

Solution:
=00 =MxV=0.05251x50x10" =2.63x10"* mol

Smolof H,C,0, ——2molKMnO,
2.63x10” mol of H,C,0, — X mol KMnO,

= Nyyo, =1.05x107 mol

3
[KMnO,]=2 = L0107 o713
V. 38.71x10

You are going to titrate 0.10 M pyridine (PKp = 9) with
0.1 M HCI. Which of the following indicators is best to
use?

YAA
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a) Creasol red, transition range pH 1 - 2.

b) Methyl red, transition range pH 4.5 - 5.5.

c¢) Methyl orange, transition range pH 3 - 4.

d) Bromothymol blue, transition range pH 6 - 7.
e) Phenolphthalein, transition range pH 8 - 9.5.

The correct answer is (c)

Solution:
ccamliall CallS) anail 53lSEl dhis vie PH s
{38 A Qi ol [HCL) 5 [AT 00 S f Lo
cpaall i aed S o =
cie Lalun 3dalill 038 dic aaall &
[HA] o) IS U8 Jsaiu HIS0 ik 2ie [A] =

A=A 8_g0sm
2 2

PK, =9
=>pKa=14-9

— Ka=antilog-5=1x10"
=[H,0"]=yKax[HA]

= J1x10° x[0.05] =7.07x10"

PH=3.15
(Sl 1 (s3e Qe e 3115 S callS jlaas of caay I

YAR
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Calculate the pH that results from addition of 40.00 mL
of 0.200 M NaOH in the titration of 50.00 mL of 0.100 M
acetic acid (K, = 1.8 x 10°).

a)3.48 b) 12.52 c) 8.40 d) 9.67 e) 7.00

The correct answer is (b)

Solution:

J

.a.gﬁiac\écagi:\a..huhai_»b&ed\}d‘ Ja o

Liad ga 33231 (NaOH) 5 (HA) 0o IS Y 50 232 Glas 0 0¥ o8
5 _yaleall o

na=MxV=0.1x50x107=5x 10> mol
Mo =M xV=02x40x10%=8x 10> mol
= nNaOH > nHA

Ny,

=[OH ] = __“w{*, -

Tot
_ (8x107)-(5x107)
(40+50)x 10"

POH =1.477
PH=12.52

=0.033M

4.
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A rock sample was digested in acidic medium to
determine its chloride (CI') content. Which indicator you
choose for this titration:

a) K,CrO4.  b) Flourescein c) methylred
d) Back-titration using F%jan's indicator.

e) back-titration using Fe”".

The correct answer is (e)

A sample of sandstone consists of silica, SiO, and Calcite
CaCO; only. When sandstone is heated, calcium
carbonate CaCO; (100gmol”) decomposes in CaO (56.0
gmol™) and CO,(g) (44gmol™)

CaCO, ——CaO0+CO

3(s) 2g)

What is the percentage silica if 21,8 mg of the rock yields
4.01 mg carbon dioxide.

a. 9.11 (%)

b. 58.19 (%)

c. 41.79 (%)

d. 21.8 (%)

e. 12.69 (%)

The correct answer is (b)

Yan
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The phosphorus in a 0.3724 g sample was precipitated as
the slightly soluble (NH,);P0,.12M00;. this precipitate
was filtered, washed, and then redissolved in acid.
Treatment of the resulting solution with an excess Pb**
resulted in the formation of 2.7346 g PbMoO, (367.14
mol™). Express the result as percent P,O,, (284 gmol™).

a. 1.63
b. 34.62
c. 16.34
d. 11.83
e. 4.407

The correct answer is (d)

Exactly 35.0 ml of a 0.2340 M solution of Na,PO, (419
g/mol) were mixed with 60.0 ml of 0.5151 M AgNO;
Encircle the correct answer

a. the mass of solid Ag;PO, formed is 4.323 g

b. the analytical concentration of AgNQO; reagent is 0.07
M

c. the two reactants were consumed completely

d. none of the above statements were correct.

The correct answer is (b)

Cabadl o el 58
0795306216

vay
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oo Aglilanll Ll Cilaiad s el Joaill 130 3 oS 55 5e any
Cuihalal o giill g uiag 38 LY 068 o gaf ccYolaay o)
o) LS e ) s pladial (e dgldadll e luasSll 408 i

'Ls.);i J‘}n

cpallall ) b deall
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