Chapter Four

Methods of preparation solutions and chemical

calculations in volumetric titration reactions
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.__on solutlons and chemlcal

| Methods of prepars

{ alculatlons in volumetnc t1trat10n

4.1 Standard and Standardlsed Solutions .
/] g/ andard solution is the solution of accurately known concentration, /k
such as 0.1 N Na,CO;, 0.1 N Borax (0.1 N Na,B,0,.10H,0), 0.1M H,C;0;4
and 0.1 N or 0.1 M NaCl solutions.
These standard solutions are prepared from the primary standard
materials by direct weighing.

P zé/tandardlsed solution is a solutlon of approxnmqate concentration which /’(
can be known exactly by standardlsa,;i({n it v«ntl}r standard solutlonyS’ﬁch as /<
preparb/tldﬁ Qt/approxlmqtely 0.1 M or 0.1 N HCI and standardlsylt with £« A
standard solution of Na,CO; or Borax. Standard solutions of Na,CO; and
Borax can be prepared from the pure solid materials by weighing.

When the standardised solution is prepa%and standardised, its

properties become identical to the properties ofétandard solution. &

4.2 Characteristics of standard solution:

1- Its concentration remains constant for months or years, or at least
within the period of titration. beCornts
2- It rapidly reacts with the we and the reaction /chomplete within the A

period of the experiment.
3- Its reaction with the analyte can be expressed asﬂ)alanced equation in /<

order to get the exact weight of the ﬁgalgbtr?:
4- A sudden change of the reaction should occur in order to identify the

equivalence point of the reaction bj? suitable chemical indicator. A

*
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Examples: solutions of oxalic acid (0.1 N), sodium carbonate (0.1 N),
sodium chloride (0.1 N) and borax (0.1 N).
/\ 4.3 Primary standard materia%
It is a material or chemical of high purity and characterised by the
following requirements:
1- Its purity should not be less than 99.5%, otherwise a purification
/\ methoq&/should be available to confirm its purity.
2- It should be stable and not be hydrated or efflorescent.

‘) Mc‘ —

/\ 3- It can be/easily obtained and-notexpensive.

4- It is preferred to have high equivalent weight. For example, if we
compare the equivalent weights of Na,CO; (53) and borax (191), we find
abeo it Qe

that the equivalent wt. of borax isffour times larger thanlsodium
carbonate. If we want to prepare 0.1 N of both solutions we should use:

1.325 g Na,COsand 4.775 g borax.

: £oh . .
A If an error of 0.02 g pfé’occurrt‘aﬁ/ in weighing, tlyén@ the percentages
of error equal:
0.02 o 0.02 o
1325 x100 =1.6% and 4.775 %100 =0.4% respectively.

Yﬂclw

Therefore, the percentage of error with Na,COj is four times higher

/( than borax. As the weight)s{increase;l/”the percentage of errorf'[,’sf“ decreasggd:

5- The primary standard material is easily soluble in water or the
applicable solvent. Examples: oxalic acid, sodium carbonate, borax,

sodium chloride and zinc sulphate hepta hydrate.
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4.4 Methods of preparation of solutions.
4.4.1 From solid materials.

N
The solid material may bq/p‘rimary standard material, therefore, the L
prepared solution is standard. If the solid material is not primary standard,
the prepared solution is not standard (has an approximate concentration).

Ex(1): ShOW/ by calculation/ho%could you prepare 250 ml of 0.1 N
Na,CO; from the solid primary standard of NazCO:,;()
Ap
| 3
The solution: <

Eq. wt. on Na,CO5 = 2"23“2“3"16 = 126=53 glmof

£

Number of equivalents of solid Na,CO;= Number of equivalents of Na,COj;
in solution.

Also:

Number of milliequivalents of solid Na,CO;= Number of milliequivalents of

Na,COj; in solution.

; 8 _ wit.,
Number of equivalents of solid Na,CO; = Teq. Wi
o . . - wi.
Number of milliequivalents of solid Na,CO3 T y—— oy %1000

Number of milliequivalents of Na;COj in solution=

m

eq
ml )

volume of solution (ml) X Normality (

Number of meqts of solid Na,CO3;= Number of meqts of Na,CO; in solution.

wt of Na,CO3 x1000 = volume of Na,COj solution x N
its eq. wt. L

Wt of Nay €O 550(mi) x 0.1(meq /ml)
53(g/ meq)

53 x 0.1x 250
1000

wt of Na,CO5= =1.325 g/ 250ml.
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aQ
Therefore, 1.325 g of Na,CO; is exactly weighed byéensitive balance

and dissolved in 250ml of solution in 250ml size volumetric flask to get 0,1
N of Na,CO; solution. This solution ls/tandard solution which is prepareq
from high purity /of/sohd Na,CO;.

Ex(2): Shmﬁ by calculation,how could you prepare 2 litres of 0.2 M NaOH
solution from solid NaOH.? y;
Thg solution: ( Y/
Mol. wt. of NaOH =23+16+1 =40
Number of moles of solid NaOH = Number of moles of NaOH in solution.

Number of millimoles of solid NaOH =Yt "%“OH x1000

Number of millimoles of NaOH in solution = volume of solution(ml)xM (mmol/ml)

wt. of:(I)aOH %1000 = 2000x0.2
_40%0.2x2000 _ J’a
wt. of NaOH= 1000 Igm ﬂ/\g,\‘}rﬁ K W\ﬁ*t )

Al
Therefore, 16 g of NaOH is weighed by/ﬁsual balance and dissolved in

2 litres of solution to get(0.2 M. This solution is not standard since NaOH is
oA
notprimary standard material because:
a) Itabsorbs water from atmosphere and dissolves in it.
bl
b) It reacts with CO;, from atmosphere and forms@ﬁayer of Na,CO;
surrounding NaOH. Thus NaOH is not pure.

2 NaOH + COZ ———— N32C03 + H20

3 . - . m
Therefore, this solution is standardised with@andard solution of an

acid such as standard oxalic acid solution using suitable indicator.

o
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4.4.2 Preparation of dilute solutions from concentrated solutions
wju'eﬁn/e commercially available.

The concentrated solutions are always acids or bases kept in bottles
carrying some information%such as :percent (w/w), purity, density of the
<

solution or Sgeggiﬁc gravity and the formula of the solute and its formula

weight. From t}l}ks/e information% one can calculate the concentration ‘of ’<

lution which i i ; i o
solution which is an a[:rprmmnate| because the mformatnonXon the bottle} e

F v (Lét,h—ﬁ
approximate,.

In formal, normal and molar concentrations we are dealing witilj__cig, A

weight of solute inflitre of solution. /AL

Wt. of litre of concentrated solution = volume of solution x its density.

Wt. of solute in litre of solution = volume of solution x density x percentage

of solute.
wt. of solute in litre

Normality of concentrated solution =
eq. wt. of solute

1000 x density X percentage
eq. wt. of solute

Therefore, the normality of concd. solution =

. . volume A

From this concentration, we can calculate the value of concentrated :

solution that when):(diluted to the wanted volume, it gives the required A
concentration. This concentration is also approximate since we use

approximate figures.

Number of milliequivalents of solution before dilution =
Number of milliequivalents of solution after dilution,
(NiV)before ditution = (N2V2)after dilution-

V, is the wanted volume of concentrated solution when iy diluted to V, it /<
gives Nj. ‘/‘37 wrted
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Ex(1): Show by calculation how could you prepare 500 ml of 0.1 N sto

(/vl!‘tl‘-
/< from its concentrated solution/has \d \enSIty of 1.84 g/ml apq
5 _ o
/\ percentage of acid equals 98% (w/w).? "
g The solution: ¢ W%kg

Eq. wt. of H,S0, =-2X1+ 2146 92 =49 § /L
" : g/t
Wt. of H,SO, in litre of solution = 1000% 1.84% 0.98

(1000x 1.84x 0.98 JM
Normality of concentrated H,S0, solution =

36.8 eq/it
49 4/ 2q_
Or meq/ml
yo00x01
NVi=NV, —,» 368XxV,=500x01 __ =S =ldm
kY ~Ceni 'z F2e/

] Thus, 1.4 ml of concd. sulphuric acid is measured by a graduated
KEd

cylinder and transferred into a beaker cont'unmongO ml distilled water

| /\ with stirring and cooling and then transferred to/\%dlumetric flask of 500 ml
i size. The solution is diluted to the mark with distilled water and stirred
/\ vigorously to get(ilomooeneous solution. The same steps are followed when

formal and molar concentrations are required with employing formula

weight and molecular weight.

Ex(2): Show by calculation how could you prep

ar\?@SOO ml of 2 M
/\ ammonia solution from/concentrated solutlon haslspeciﬁc gravity
A of 0.9 and percentage of ammonia =27%. -
The solution: év"/‘ = > W
Molarity eof conzentrated ammoniz solution = 1000 X 0.9 x 0.27

17 ;

=14.5 m mol/ml,
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M,V =M,V,
14.5 X V; =2 % 500 V= L;—f—gi =70 ml.

Therefore, 70 ml of con i ion i b A
’ centratgd ammonia solution is measured_yﬁ/

suitable cylinder and transferred to 500 ml size volumetric flask and diluted

to the mark with distilled water.,

443 Preparation of dilute solutions from two different
concentrated solutions.
Ex(1): Show by calculation how could you prepare a solution of 80%

(w/w) H;SOy from two solutions of Sulphuric aci%have percentages A

of 96% (w/w) and 75% (w/wl. ?qu} Fleok £
The solution: \ /
Crossing arrangement is used for the solution of this example since it is
simple and eas¢ for calculation. A

&

96 :
\ / = In this example, the lower figure is subtracted from the

larger figure irrespective of the mark/as shown ir}/ left ’<

80
/ \ diagram. 96-80=16, 80-75=5 e
75 16

As the percentage is given (w/w), therefore, 5 weighing units from 96%
acid and 16 weighing units from 75% are mixed to get 80%. We can take 10

L‘\Ij‘\." CAyv

or 5¢'from 96% and 32 or 160/from 75"/?on condition ;lm’t’the ratio stays as A
5 .
16

Ex(2): Show by calculation how could you prepare a litre of sulphuric acid
solution%:s/ﬁ:;ccntage of 50%(w/w) and density of 1.395 g/ml from two- A
solutions of sulphuric acid hm)@percentage795%(w/w) and 25%(w/w). R /(

&'P 63
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The solution:
95 25

N

0 acid to get 70g of 50% of acid. But the wanted solution g
/s litre =1000ml

herefé e, 25¢ of 95% acid is mixed with 45g of 25v,

25 45
Wt. of litre of the prepared solution =1000%1.395 = 1395g

0‘\

L e Cat -
Therefore,}{get/litre of 50% of sulphuric acid from two solutions by
weighing:
25+45=70 total weight.

—-139%"25 =498 g from 95% acid

1395%45
70

Total weight =498+897 = 1395 g.

=897 g from 25% acid

A Ex(3): How could you prepare a solution of 40% Nitric acid from 96%
:rﬂw
nitric acid, if its density equals 1.08 g/ml and/ density of water

/\ =1g/ml. )

The solution:

96 40
acid\ / 96-40 =56 acid, 40-00 =40 water.
40 Therefore, 56 g of acid is mixed with 40 g of water to get

/ \ 40% nitric acid.

00 56

40 _, i
1.08 =37 ml of acid —419- =40 ml of water

Therefore, 37 ml of acid is mixed with 40 m] of watei to get 40% of

g j W i
by /( acid. Treatment with volumes is simpler than treatment\weight.
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Ex(4): How many grams of water should be added to 100 g of ammonia

q
solution has/percentage of 25% in order to get a solution ha,s’*a /(

percentage of 5% ?

The solution:

25 5 e Cmmenr1 I
NH:;\ / 25-5 =20 ammonia, 5-00 =5 water.
5 Therefore, 5 g of ammonia is mixed with 20 g of water to
/ \ get 5% of am:_nonia solution.
‘92¢e,. 20 Byt the required weight of water is wanted to be added

to 100 ml of ammonia, thus:

100x20
_'_g_ =400 g of water should be added to 100 ml of ammonia

te get 5% ammonia.
sLo/chio medy 1C.
e
' 4.5.1;1:1: Calculations of Volumetric Titrations.

o ProCesy
Chemical calculations which associate wuth/t:tratlov wrocess im

voltimetric analysis are very significant since’they illustrate the idea abou’
|

the accuracy of titration data-which refer to the precision of measurements
l

(hftt lead to accurate results.
“The reacticn in volumetric analysis ‘should be rapid and complete. Tk
" reactions are expressed in balanced equations and from thesc reactions or.

e
‘¢an- know the ratic of reactants-since they involve equlvalent{i of th:

~eactants at equivaience point.’

Norma. concenfration gives simple aud rapid calenlations beeanse ihey

irvolves equivalent amounts of the reactants. whach m ‘P‘;C ¥ nthe

; + ((/T‘d’ [Ra Cf-—‘\&\/\{
Molar concenfmtmns require somo attention and recogmtion.
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For example, if NaOH solution is titrated w'ﬂlvH,,(,é solution, there jg ng -
A difference in using normality or molarity[t;vc\ause the reaction is performeq
in 1:1 ratio between NaOH and HCI 4
NaOH + HCl — NaCl + H,0
But the case is different in titration of Na,COj solution with H(] .

solution.

’- Na,CO; +2HCl — 2NaCl + CO; + H;0

P ' Where two moles of HCI react with one mole of Na,CO;. This means _
that the strength of Na,CO; is twice of HCIL. If the molar concentration is
/( used, a precaution should be given to tl—ie factor 2 in HCI.
X = (VxM , :
Y M)NaszJ ( )HCI ( o *{wz—//
lm
This equality is incorreet/if' molar concentration is used. Therefore, a
factor of 2 should be used at the left side of the above reaction in order to
,( the reaction between Na,CO; and HCI.
& 2(VxM) — =(VxM)

Nazco_; HCI

Te A2l He Cove ot

But,lfj‘( normal concentration is employed for-both solutions, the
/( following l:eactlon Is correct because tbe’i’e;etlon 1s performed on the basis
b of equivalents or milliequivalents.

(VXN)  =(VxN) (,M’“Na sy a Cect o lokis—)

Na;CO, HCI

A
: ¢ The same treatment is considered in precipitation, oxidation-reduction
!

and complex formation titrations,

4.5.1 Calculations of acid-base titrations or neutralization
s titrations (one of the products is water),

Ex(1): Calcul

ate the weight of H,S0, in 5 litres if 25 ml of this solution
requires 22.5 ml of 0.095 N KO
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The solution:

Eq. wt. of H,S0, =—2X1+ 322"' ax16  _ 98 _ 49
2
No. of meqts of KOH = No. of meqts of H,SO,

(22.5%0.095) =(N x 25)

KOH H,S0,
_22.5%0.095
Nisor 75 =0.0855 eq/lit

Wt. of H,SO, in 5 litres = N x eq. wt. X-%

=0.0855 x 49 x 5=20.9475 ¢

s

Ex(2): A solution of Na,CO; contain, 795 mg per litre of solution.

Calculate the norm‘lllty of this solution. What is the volume of

H,SO, 0f 0.1 N that/quw'llent to 10 ml of Na,CO; solution. /(

The solution:
0.795d/C-
N=——"—=0.015 meq/ml normality of Na,COj;
53 /e.r
(Vx0.1) = (0.015x10)
H;S0; Na;CO;
__0.015% 10
H,;S0, 0.1

Ex(3): 30 g of KHC204 H,C,0,4.2H,0 is dissolved in distilled water and
comp]eted to/htre 40 ml of this solution is titrated with KOH K
which requlred 20 ml. Calculate the normality of KOH.

The solution:

=1.5 ml H,S04 required to equivalent10 ml of 0.1 N Na,CO;

39+3x1+4x12+8%x16+2%18

Eq wt. KHC204 H2C204 2H20 ™ 3

254

=22 =84.67 4 /eq

3
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30 ;
i ion = —>—— = 0.3543 eq/lit or meq/ml.
N of this solution 84.67 0 q

T S H
meqts of this acidic solution meqts of KO
(40x03543)  =Q0xN) —> NKOH=10—"%6§4§ — 0.7086 meq/ml.

acidic solution KOH
a e
Ex(4): 10 ml of vinegar haq/density of 1.055 g/ml andﬁ'equires 39.82 ml of
0.225 N of a base to reach equivalence point. Calculate the
percentage of acetic acid in vinegar (w/w).
The solution:

Wt. of vinegar sample = volume x density

=10x1.055=10.55¢
No. of meqts. of vinegar solution = No. of meqts. of base.

0.255 X 39.82 — NCH3COOHX 10

0.255 x 39.82
= =1.01541 eq/lit
CH;COOH 10 or meq/ml

10

wt. of acetic acid in vigenar = N x eq. wt.
g €q- Wt X600

Eq.wt of CH;COOH = 2124 2x16 &1 _ 60 _ o 77,

1 1
_ 10 =
1.01541x 60 x 000 0.6092 g
— 0.60
% of CH3COOH in vinegar = 10 5952 x 100 =5.77 % (w/w)

Ex(5): 0.3542 g of Na,CO; was dissolved in water and titrated with HCI

which consumed 30.32 ml of the acid, Calculate the normality of
HCl solution, s Lartey

The solution:

NS;COJ +2HC| — 2NaCl + COZ o Hzo

.68
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o)
.. 2xNo. of mmols of Na,CO; = No. of mmols of HCI/zet ['.f;c //v-»f/ F

0.3542

2%7106

x 1000 = MHCI x 30.32

Mg = 2.21 mol/ lit or mmol / ml

4.5.2 Calculations of precipitation titrations.

In precipitation titrations, one of the products is slightly soluble salt

called precipitate. g A
Ex(1): Calculate the percentage of silver in/silver alloy if a solution K
prepared by dissolving 0.3g of the alloy requires 23.80ml of 0.IN 4{

gelele T gt 4 SON ——> AgSCN
NH,SCN/(Ag=108) 5 gSCNy

white precipitate

The solution:

: » J T
No. of meqts. of Ag" = No. of meqts of SCN - (#’L/ﬁ“‘ =odf ¥ /

wt. of silver wt. of silver
— s =(V —
T 1000=(VZN) s T x 1000 = 23.80 x 0.1
108 x 0.1 x 23.80
wt. of silver = =0.257¢g
1000

0.257 .
0 =22« 100 = 85.67 %
»AL="03 ’ Whev €

Ex(2): Find the weight of BaCl, in 250 ml of solution were 40 ml in excess /<

of 0.102 N AgNO; was added to 25 ml of BaCl,. The excess of AgNO; 7o,

+ted with 0.098 N SCN “anel Y= W\g(( 15w
reacl [ te ool P

solution was titr

The solution:

BaCl, + 2AgNO; — Ba(NO); +2AgCl

AgNO; +SCN~ —> AgSCNL+ NO;
No. of meqts of SCN ™+ No. of meqts of BaCl,.

No. of meqts of AgNO; =
(0102 x40) =(Nx25) +(0.098x15)
AgNO; BaCl, SCN
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1.47+25N=4.08

2221 = 0.1044 meq / ml normality of BaCl, solution.

250
Wt. of BaCl, in 250 ml = NBaClz x its eq. wt. X 1000

250 __ , —372gBaCl /250 ml
1000

=0.1044 x 104.17 x

4.5.3 Calculation of oxidation-reduction titrations. /r ﬂ

These trations involve the reactions between oxidant/and reductant

Cians /RV . T
wlucL subject transferrmg of electrons from reductam oxidant!
hith-

A Ex(1): A sample of Na;CZO‘(velghs 0.2734 g is dissolved in water acidified
with dilute H,SO, and titrated at 70 °C with KMnOj, solution, which

requires 42.68 ml. The titration exceeds the equivalence point and
the excess of KMnOjy is back titrated with 0.1024 N oxalic acid
which requires 1.46ml. Calculate the normality of KMnO, solution.

The solution:
5C,0,2 + 2MnO; + 16H" ——= 2Mn”" +10CO, + 8H,0

’ -2e

(+6 I | +8)XS
(+7 e +2) %2
2x2342x12+4%16

Eq. wt. of N212C204 = =67

2

L4

No. of meqts of KMnO, =No. of meqts of Na,C,0, + No. of meqts of H,C;04

_0.2734
N x42.68=—""—X
KMnO, 67 1000 + 1.46 x 0.1024
42301 _
Pi(Mn04 42.68 0.09911 meg/ml or eq/lit
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Ex(2): A sample of Irop oreﬁveighs

0.6038 g was dissolved in an acid and 7&
Fe’ is reduced to Fe*

and titrated with 0.1073 N K,Cr,0; which
requires 38.42 ml. Calculate the percentage of Fe in the sample and

express the percentage as FeO, Fe,0; and Fe;0,.
Atomic wt, of Fe =5,

The solution:

2-
Cry077+ 6Fe’ + 14H* — 5 5013 4 gped* +7H,0

+12 | +6e p
-1e¢
(+2 +3 )%6
No. of meqts of Fe** = No. of meqts of K,Cr,0,
wt. of Fe
=222 5 1000 =(V x N
its eq. wt, ( })<1c.rzo,
Wt OfFe 1000 =38.42 x 0.1073 —> Wt. of Fe =30 XIBAZXOI0T 5,
56 1000
% of Fe =—0932—0%§ x100 = 38.23 %
% as FeO = 38.23 x Flfo = 38.23x gi ~ 49.15%
Fey03 _ 160 .
% as Fe, 05 = 38.23 x — 2% = 38.23x 1= 54.61%

0,
% as Fes0, = 38.23 x a0t = 3823 22 = 57194
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formation titrations

4.5.4 Calculations in complex ' |
is formed which is exploited in

In these titrations, a stable complex

."" /
/( 41 determination of most metal lOIlS with EDTA as

Ex(1): 25.42 ml of 0.045 M AgNO; is required to titrate a sample of

a ligand.

. impure KCN/\\ﬁghefd 0.3123 g according to the following reaction:
.
Agt+2CN~ —> Ag(CN), =<~ complex ion

Calculate the percentage of KCN in the sample.

The solution:
2xNo. of mmols of AgNO; = No. of mmols of KCN

_wt. of KCN, 559 - WE ST KEN 15499
its mol. wt. 65

wt, of KCN=-82 QU242 - 0.1488 ¢

2 x 0.045%x25.42 =

% KCN =~—‘[’]';—i:82—§ %100 = 47.65 %

Ex(2): 25 ml of NiZ* solution requires 0.521 g of KCN according to the

following reaction:
Ni’* +4CN~ — Ni(CN);>" —----- complex ion

Calculate the molarity of Ni** solution.

The solution:

1 mol of NiZ* requires 4 mols of KCN in order to get the above reaction. The

!' strength of Ni** is four times greater than KCN.
‘ ~4xNo. of mmols of Ni** = No. of mmols of KCN.
L gxasxM =Wt of KCN
e e its Mol wt, ™ 1000 == 25x M ==>= = 2:1 X 1000
: ) 1
_0.521x1000

N 4x25%65 =0.08 mol / lit
e or 0.08 mmol / ml
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Ex(3): 3 g of EDTA (disodium) is Calculate the

volume of 0.05 M Mg2+ solution required to react with 25 ml of
EDTA solution.

dissolved in one litr

The solution:
The ratio of reaction is 1 Mg**: 1 EDTA

EDTA is ethylenediamine tetra acetic acid abbreviated as Na,H,Y.2H,0
which is disodium salt. Also, it is abbreviated as EDTA and, has the

following formula. (é
H H
HOOCCHZ \ | | y; CH2COONR
NaOOCCH, H H CH,COOH

Mol. wt. of EDTA =2x23 +8x16 +14%2 +10%12 +2x18 +14x1 = 372

wt. perlitre 3

Molarity of EDTA = its Mol. wt. 37

5 = 0.0081 mol/lit.

Mg2+ reacts with EDTA in the ratio 1:1 ~~ Mg®* + EDTA — Mg-EDTA

No. of mmols of EDTA = No. of mmols of Mg**

(25%0.0081) =(Vx0.05)
EDTA Mg
_25%0.0081 _ oo
mg** 0.05
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Chapter Four/ Preparation of soy,, tions

: Analytical Chemistry & Chemical calcu!atia,,s 3
) e 2

%
Z} ' 4.6 Problems:
1- Show by calculations how could you prepare the following SO]UtionsO
a) 525 ml of 0.4 F BaCl, from solid BaCl,.2H;O. '
b) 2.30 litres of 0.2 M K* from solid K;SOy.
¢) 100 ml of 0.1 F AgNO; from a solution that was 0.441 F in the salt,
d) 3 litres of a solution containing 10 ppm NH; from a 0.116 F
solution of NH;.
2- Show by calculations how could you prepare the following solutions: )
a) 750 ml of 0.172 F K,Cr,0, from the solid salt .
b) 50 litres of a solution that is 0.1 F in Na,SO, from solid Na,S0,.
c) 2 litres of a solution that is 0.015 M in Na* from solid NaCl .
d) 20 litres of a solution that is 0.202 M in Na* from a 2.42 F solution
T of Na,S0;,.
3- Show by calculations how could you prepare 800 ml of 0.20 F HNO;,
i /< from concentrated HNO, ha ?poe;cific gravity of 1.42 and/ﬁfréentage is
A 69% HNO, (wiwy . ]
B 4- A solution of concentrated HC] has specific gravity of 1.185 and '\\k;,
percentage is 36.5 % (w/w) HCI. Explain how 1.50 litres of approximately
0.3 F HCl should be prepared from the concentrated solution. (Z
S- Describe the preparation of 400 ":)&[6 F H;PO, from the commerecial
/< solutionis 85%(w/w) H;PO, anq/has,d/e\n?ity of 1.69 g/ml.
6- Describe the preparation of 200 mlof3 F {{2804‘ from the concentrated
/< solution which is 95%(wiw) H,S0, and/(pfensity /(;;'/ 1.84 g/m\.
7- Calculate the formal concentration of 129,
/{ . _has/dtnsity of 1.13 g/ml.

8- Calculate the formal concentration of solution that is

(W/w) CuSO0y solution which

25% in H,S0;
(w/w) and has specific gravity of 1.19,

:
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9- A solutio zgj(prepared by dissolving 1.68 g of K Fe(CN); in water
and dilutipg exactly to 500 mi, Calculate: /<
a) The formal concentration of Ky Fe(CN); .
b) The molar concentration of K* assuming complete dissociation.
¢) The weight-volume percent of K ,Fe(CN);.
d) The weight-weight percent of K Fe(CN); if the density of solution
=1.008 g/ml.

€) The number of moles Fe(CN)s* in 16 ml of the solution.

10- Calcium concentration in sea water is 4x10? ppm, calculate its formal

concentration if the average density of sea water =1.024 g/ml.

11- Magnesium concentration in human blood serum is 27 ppm, calculate
its molar concentration.

12- Exactly 46.32 ml of NaOH solution is used to titrate 1200 mg sample of
primary standard potassium acid phthalate (KHP, fw =204.2),
calculate the normality of NaOH solution.

13- Exactly 24.69 ml of HCI solution is required to titrate a 278 mg sample
of the primary standard tris(hydroxyl-methyl) amino ethane according
to the following reaction:

HCI + (CH,OH);CNH, —> (CH;OH)_;CIJ{IHsCl_.
Calculate the molarity of HCL
14- Calculate the percentage purity of 500 mg sample of impure sodium

carbonate that requires 22 ml of 0.18 N HCI for complete

neutralization.
15- Animpurelg sample of arsenious acid (H3AsQj) is oxidised to H;AsOQ,

by titration with 45 ml of 0.08 N iodinc, Calculate the percentage of

H;AsO; (fiv=125.9) and, percentage of As.
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16

10 ml of a sample of NaCl solution is diluted to S0 ml. A 20 ml of thjg
solution is titrated with 3.923 ml of 0.011 M AgNOj solution. Calculate
the molarity of the original NaCl solution.
/< 17- 50 ml oﬁ?mple of chloride requires 15.5 ml of 0.011 M AgNO,; iy
A precipitation titration. Calculate the percentage ogf’hloride (CI) ("“%) .
18- 20 ml of 0.05 M EDTA is added to 700 mg of iron(II). The excess of
EDTA is back titrated with 5.08 ml of 0.042 M Cu®* solution. Calculate
the percentage of Fe** as Fe,0; in the sample.
19- Tin(II) is titrated with dlchromate according to the equation:
Cr;0," +3Sn™ + 14H' — 38n* +2Cr** + 7TH,0.

Calculate the weight of tin(II) in a sample that requires 20 ml of 0.1 M
Cl'zO',' .

20- A 550 mg sample of aluminum is analysed by adding 50 ml of 0.05 M

EDTA. The excess of EDTA is back titrated with 14.4 m| of 0.048M

zinc solution. Calculate the percentage of aluminum in the sample.
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