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Befone the anaIySIS the analyst must calibrate the apparatus used for measurements. Most fundamentals are
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volume, a plemsnon of 0.2 % and an accmacy of 0.3% can e exl)ﬁiae&flon1 lhe b”ﬁel volumelnc and
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principal means you will be using all semester to deter mme the quantities of substances present in your
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Analytical Balance:

Analytical balances are capable of weighing accuraiely. tcv)'.":i,::_(‘)'.‘l mg. To use the analytical balance
effectively, the student must have a thorough know/ledge of the' operation of the balance (with the help of

your TA). The weighing measurements can be obfamu ehhel by difference or by direct measurements using

a weighing boat. Yovte Jy{}\"\ = v< Loy /;-f”t.é) C;M}-,_s =
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Experimental Procedure : S

L ddi S
Part A :

Prepare a table in your notebook qsin_g Table l1asa template.

1. Determine the rhass of a clean, dry weighing bottle (without its lid) to within + 0.1 mg. {4-
replicates) '

;‘L‘/ 2. Determine the mass of the weighing botfle lid separ ately to within # 0.1 mg. (4-rplicates)
<
—~ 3. Determine the total mass of the weighing bottle plus the lid fo within = 0.1 mg.(4-replicates)
*- L 4. Compare this result with the sum of the separate weights of the bottle and the lid to see how close

the weights are
5. Discusg the magnitudes of your standard deviations.
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Table 1.

Object Mass £ 0,1 mg Mean Std.Dev RSD
Botﬂe \rg -ZEq
~ -5
=4l \ .2 59 - 254 Q6 HOU £ 15uU*0
\3.25¢& '
13,260
Bottle Lid \Y .\1—6 2
T 1. 769 ) 5
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Bottle & Li 28 . 618 15 |
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. Lid(calculated) 13.01% e
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Volumetric Apparatus: O e R
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/ y 3 yo__Volumes that enter into SID]C]]IO]T]GTT‘I(‘ ca]r‘uhums (e‘mct volumes needed), must be dchve1 ed by using
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" BI pipette

MNote 1. The tip must be below ’cl'l\é"s:ﬁ:i'facé'éf the liquid while withdrawing an aliquot, use a rubber bulb
N
to draw the liquid. 2

A/J

»,

<

)

No'te'2.‘ Never blow Sutthe pipcﬁ’c; it may retain soc'nc liquid, just touch the tip to the wall of the
receiving flask. ' .

Note 3. Prepare a table in your notebook using Table 2 as a template and use it to fill your data.

Fill a large beaker (500 ml) with distilled water, let the water reach the thermal equilibrium (10 minutes)

record the temperature of the lab and the water
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1. Weigh a clean dry beaker

!Q

Using a pipette, transfer 25 ml of the equilibrated distilled water to the clean beaker.

2

Reweigh the beaker (with distilled water).

4. Repeat the procedure 3-times, calibrate the pipetie.

Table #2: pipette calibration ) T
# | gofbeaker Mass of beaker and H,O mass H,O Density of water Vol water | mean SD'] R‘;D
1156.603 6. UY¥ O WIS A l -
2| xa. &R §é&. 29 ) | q:313] o .96 e ‘9_,__.*\_9_\_1_&5,,32_“ *
S|l 418 | L4 448 Q€ 33 o\ : o
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Experimental Procedure Part “)Q . ‘ RIS :
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B2 Bureite \ . L

Note 1. The reading of the burette must be taken at the bottom of the, nicniscdéf

Note 2. Watch for air entering the stopcocl
stopcock. T N

AR

\
A

¢ (remove any bubbles), and use the lefl hand to operate the

Note 3. Wipe the outside of the burette after fi i'n_\:.‘\\’]ién dclivéﬁng the liquid, no residues of the liquid

must be (stuck) on the inside wall of the buretie. . 3

Note 4. . Prepare a table in your notebook sing T'I"all)lé'S as a template and use it to fill your data.

1. Fill the burette with the"éq}lilil;imgd _‘,c‘i‘is\ti]led water, read the volume accurately to 2 decimal places(

it is not necessary o adj‘ust‘flieﬂvolunm to 0.00 reading)

1o

reading).

Weigh a clean dry beaker.

(93]

Transfer approximately 10 ml of water (take acenrate vreading) to the beaker,

Reweigh the beaker to determine the mass of water,

AN

you have 3-replicates,

Check for any leakage by allowing the burette to stand for 5 minutes. (Re-check your initial

Repea_t the procedure for the same volume (10 ml) and for 20, 30 and <0 ml so that for each volume

7. Calculate that mass of the water delivered and the actual volume of water delivered (use table 3 for

temperature correction). /

BN,




Table #3: Burette calibration

# | gofbeaker Mass of beaker and H,O mass H,O Density of water Vol wately | mean STD | RSD%
| 2ace) | _s4.4ay q.3%3 oNgda | £ &
2| BegiB¥| 4. g7 w.ou | ©.996226]0-09quz| © | 5 | © ¥
3| 8. €18 | L6, 503 4,385 0. Voo onZ| ° o | N

Table 4. Volume occupied by 1gm of water weighed in air against stainless steel weight

Volume ,m]

Corrected to 20 °C

Temperature, T, °C AT
10 1.0013 T.0016 ..
1 1.0014 10016
2 1.0015 10017 b
13 1.0015 T To0ie
14 1.0018 1.0019
E T 1.0020
16 1.0022
17 1.0023
18 1.0025
19 1.0026
20 1.0028
21 1.0030
22 1.0032
23 1.0034
24 1.0036
25 1.0037
26 1.0041
27 . 1.0043
28 71.0048 1.0046
~29 1,0051 1.0048

Density(water) = 1,000131 + 1.233 x 10° T— 5,421 x 10 T°
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POSTLAB QUESTIONS: (Experiment 1)

1. Define a) weighing by difference b) absolute weight.

2. Volumetric glassware should not be dried in an oven, explain why?

3. Explain why it is not correct (accurately) for weighing a substance that is still hot or warm (say
> 35 °C) compared to the room temperature (20 °C).

4. A 25mL pipette was found to deliver 24.876g of H20 when calibrated against stainless steel
weight at 25°C. use the data in table 4 to calculate the volume delivered by the }'Jipettc at this

temperature, repeat the calculations at 90°C.

N2

- Suggest some sources of errors in this experiment.
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It is fmpossible to’ Cmy a chemical analysis i in such a way that the results are totally free of

errors. The errors which n[(u,t an experimental wsnll can be cither deteriiriant errors

e 4
\.,g_f,.»(lc SUJ’J L:_,(A‘,/,’(_
¢ (systematic) or m(lLtumln.ml (random). =" V{ £ 6 - =22,
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Determinant errors are errors which can be dvoide (l or deter mmcd These cause ‘the mean
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~data 10 be sc attered symierically around the mean valuc el
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certainly. Statistical tests c(nc 'be applied to the data w]nch can hc]p s to decide on its rehablllty {D ¢

Unfmhnmic]v \there is no simple method for determining lhc 1c]1’1b1]1ty of data with absolu

~

\

to a cerlain extent. X | ol Ty e : ~—
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In this experiment, statistict 11 methods are '1])1)]10(] on Ihe th 04" acid- base tltx ation analysis. ]
o . Na - A &
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Procedure: : Cad — —

A) 'l’itr'nioli of Nitric Acid. ( . N -
1. Measure 10.00 mL of 0. 10 \/I ]INO '101(1 into a 250 mL conical flask.

2. Add 10 mL ofdlstlllcd \vatcx and 1h| ce drops ofphcno]plﬂh'llcm \

3. Titrate with 0. ]00 M NaO]] Ttll lhc plrlnlik co)lor appears. _,_;v\\gﬂ\ e T

4. Repeat four llmLS .
B) Titration of blnnl( an'llyqls in t)c absence of sample. N
1. MC'lSl!lC 10.00 mL ofdmhl]cd water and three drops of phenolphthalein.
2. Titrate wilh 0.10 M NaOH until the color becomes p'x\nk. Only one titration is required.
«% The result is then applied a correction to the actual measurements Data

<+ Fill the data in the following table:

Volume of NnOIH Volume of blunk Actual volume of NaOH
! V, (mL) Vi (mL) V-V, (mL)
]
2
z ——
i —
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Calculations

1. Apply the Q-test to decide whether to retain or t Y

! /.
,A\\\ .,
“]\4\ / where Xq is the questionable result ( the result that you feel is out of p]acc') Xn
d - the nearest neighbour fo Xq after the result had be organized in ascendmg ar
L N descending ~+ler and W s lhe spread between the minimum and the maximum
\ \ 7 'f -
R -y ‘ '.v’alues The value of Q-caiculated may be compared w1t]x the le_]cChG'l depending on
number of observations and degree cf confidence.
2. Get the mean value which is given by: .
3.
4.
P
F 5. Relative average deviation from the mean:
g " Sﬁ}%"ﬂ 't""*ﬂ "U\r “‘r
C ’{ ik i ‘,u M‘
\ /\\ 4 i34 3,' giant il
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6. Standard deviation (s):

7. Use the following table to decide whether the questionable is retained or:'rejcctéd!.

No. of Observations | Q ( 90% confidence level) { =w.
7 0.76
5 0.64
6 0.56
7 051 - -
8 047 |
9 044
10 041

< if Qcalculated > Q table, the value in question can be rejected with 90%

confidence.

Questions: .

N 1. Calculate themea\n, standard deviation and relative standard deviation for the
N Pollowingsetof data:
10.1234, 9.9872, 10.2327, 10.2296, 10,1983, 10.2106
. h[;; \‘g g,/Q f‘ ) :‘/ = (‘a
¥ = 2 |
) ' . A
- 2. For the data set in quest\ion 2, determine whether if the second value of 9.9872

can be rejected or iiot using the Q test.
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ALt o ﬁExperunent3 o
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_ Gravnmetrlc Method: Determination of Sulfate ion (804 §)
. AR =
g, E= rr.e_y.k_&g/' B PR~

Intr oductlon The congentration of sulfate ion will be determined gravimetrically by precipitation
with barium chloride.When a solution contammo sulfate ion is mixed with one contammU banum

ion, the following reaction is happened: & = =5 o v5is Jsi[b,g},m V'Lﬂ,\/_. _

ey L ——— - 5
L ST VAVN I L L B IR,
U Ba g+ SO4 ()~ BaSOy,
"C}—d\_{\j\ J')'})\)‘)_{L&J))\ Lo (_))_, 2. L-._C" '-" ,‘}.)J-tu{}—g[cqﬂq)b

This_reaction_can be used for the gr qynmetrlc determination of sulfate or, less commonly for

his Sullait el UL
Cs_lgamum Barmm splfate ‘usually precnpmtes as very fine pal‘tlcles The_high surfacé area of the

s particles facilitates contamination by adsorption. Larger particles an b Bé Jobtained by h,e\mcr  The
BB € preeipjite in the the presence ¢ of its-motlrer; liquor, During this digestion p ‘Ocess; rectystalhzanon takes

olace lesultmg in A precipitate of largér particle size. Since barium sulfate is stablegn aifand i s\x\,

non- hygloscop_c he welchmg can be performed in an open crucible.|. X “‘j L e e, % “
VA CS > e . N
%7%‘ (ﬂﬂl’gﬁp il & _/“’J/ »':_)I}Lr— 7S ‘/J\.J,f))f r)( /’ T e e - =
““—"/ | Experimental Pr occdm & J)2 ’ e
7 \_\.[
R 1. Pipet 10.0 mL of unknown sulfate solution.into'a 400 mL beal\el then add 4 mL of 6 M
S "~ HCI, and dllute 1 about 200 mL w1th distilled water b7
' L "'l. Heat the solution to bonlmg, and CEJIC]\]}’ \gﬁth vworous stir rmg add 30,mL Barlum ehlorlde\“w -,
i - / oL
2 N %C/ - solution. (You should observe the format}on of the wh]te BaS0, p1e01p1tate NI it

| 2 Dlgest the precipitated BaSO4 atJust ﬁelow bo'llllg pomt for half hour on small flarme. Then =,
_——turn the burner off and allow he" prec1p1tate fo > seftle in  the beaker for about 20 | 20 minutes.

oS3, _Filter the hotsupernatant tf throucrh weighed Tritted glass or Gooch crucible. % S e LT Sap )
4 lter the-hot superha

~Test the filtrate with few drops of’ BaClo to epsur complete pleup]ta‘non (Th]s can be
tested by adding a drop of AUNO~ solution to a test Por“ﬁé] of the washmcr collected inatest
tube. Absenee of turbldlty(mdlcates chloride fi free prCClplta‘[C)-«- S JJL(R“

5 Wash the pr ec1p1tate j}fth cc@ed watel Dry the p -ec1p1tate in an ove) 1 10°C aﬁel

welohmo calcula&th\/o of SO4 in the unknown.

\
Pt & -/- A ?\/R/ ?_9
. -;,b‘*“) uest‘lens \ SWw Lty Sf"—\s
e >l/(2)f/’fﬁ s ,.U)@\\"’ ‘ : L ,

'Y/ o S I o
AN c/ e N From the following list, identify the mterfermg species for the sulfate dete1 mmatnon “L‘U M
5 ,'C:& \ gl 'method used in this experiment: Mg” ,Pb2+ Na*, NO5, CI, PO4 . laLs d ) r
4 ~ j/})\ \ ‘ W
7 W 2 What is the importance of d!gestlon\step in plec1pltat10n‘7

The calcium in a 200.0 mL sample of natural water was determined by precipitating the cation as
CaCy04. The precipitate was filtered, washed, and ignited in a crucible with an empty mass of
%f 6002 g. The mass of the crucible plus CaO (Mw 56.077 g/mol) was 26. 7134 g. Calculate the
concentration of Ca (Mw 40.078 g/mol) in the water in units of grams per 100 mL.

Qc. /;/
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Experiment 4

J,X!);Jli(?)
Gravimetric Determination of Nickel in Steel

Introduction: A

(L
Sl a); S 2 Vo ches Z'}’}’)
Many inorganic ions such as metal ions can be precipitated w1th certam organic reagents called

“organic precipitants”. Most of the organic premp]tants comp]e\cs with the eat.on to “‘0 m ch lage

rmg, such complemS are oﬁen mso.ub]e in water course and bulky so tl 1ons _ma; be

quantltatlvely prempltated In ﬂ'IlS expenment Nlc]\el in steel will be determlnedﬂ p1 ec1p1tat10n

R (

w1th

.:.\ /
= TN O C
T%J-JT s Lm0 “ ”
- T Bra
S o '/N\ }\I\
H.C CH . g
’ \ / ’ PR HO S \0_
c L : , . . " ,'l
5 |(|: ” + N ! . \I’\IJH R
N N " B 'l \‘\
/ \ a 0 lll \\\ OH
HO OH _ \
. N N
2OM B + L || H
o C C
/ \
H,C CH,4

This complex has the composition of Ni (C4H702N2)3 with MW= 288.92 g/mol.

Interference from Fe(lIT) is eliminated by fonmng a soluble complex with tartrate ion.

—
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Experimental Procedure

Note: pipette 10 ml of your unknown, add about 150 ml of water and continue the procedure as

following:

1- Acidify the solution with 5 mL diluted HCI (use litmus paper for test)), heat the solution to

~70°C. f,?_;f‘j@’,,, Sob, T

R

2- Add 20 ml of 1% solution of dimethylglyoxime add ammonia until a slloht excess exist (test

l),\f NN A, L e e

I I }odor or lltmus paper) and then add Tml excess of ammonia.
- .’ \
Pl }Dlﬂest ‘the | pxecnpltate at ~ 60 °C forabout 30 min. -

Plr
- .

o’ T =7

>;LP & . Egoi the _solution and_f'ltthhIOUOh a wewhed ﬂltted glass or Gooch crucible, wash the
N\ € —
A% ./ 2 / plecmltate with cooled water, fo]lowed by 10% a]cohol dly t]:e prec1p1tate in an oven at
——a———— — T
< AN, 110°C, after weighing calculate the % of Ni in steel as mg per ]lter
{ \ ‘V_%;) -
?},':/j’ ~ _‘:)
] -\),)
’-\.:/'-/"&J
. POSTLAB QUESTIONS

1- Name another (common) organic prempltant used for the determination of metals (such as

aluminum) in aqueous solunon .
2- Explain the effect(s) of add"ing too much of alcoholic dimethylglyoxime in this experiment?

3- What are the main advantaces and disadvantages of using the organic precipitants in the

l

determmatlon of metal iorig'in aqueous solution?
4- Why ethanol is used for washing?

5- Name anotlier (commoén) organic precipitant used for the determination of metals (such as

aluminum) in aqueous solution.

6- Explain why the complexation of Ni** is carried out in‘ammonical medium?
| 14
g
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EXPERIMENT 5
NEUTRAI IZATION TITRATION IN AQUEGUS MEDIUM

INTRCDUCTION.

Neutralization titrations involve acid-base reactions. End point detection is based upon the abrupt

change in pH at the equivalence point. In laboratory practice it is customary to prepare and

standardize one solution of an acid and one of a base. These two solutions can then be used to
analyze unknown samples of acids and bases. In this experiment a secondary solution of about 0.1

M-HEHis guEﬁg—f@%}&ﬁandafdézed—agams%—aﬁﬁm&w—s%aﬂdﬁd—seluﬁen%»f—sedmeapbenai%ﬂhe————*
standardized HCI solution will then be used for standardization of about. 0.1 M Na‘OXH (secondary

standard) solution. The standardized NaOH will be used for determination,, of phosphoric acid in
commercial acid and for determination oldie equivalent weight of an un::k'now'n '03_.1'ganic acid

EXPERTMENTAL PROCEDURE

A) Standardization of hydrochloric acid against sodium carbopéte

Weigh accurately about 0.50g of previously drigg'i""z]ig'i{iﬁal'y standard sodium carbonate in 2
weighing bottle. Dissolve in distilled water. aﬁd_etraﬁsfér quantitatively into a 106 mL
volumetric flask. Adjust the volume to thqmalrif"’apd“;nix well, calculate the .molarity of the
Na>CO; solution. Pipette 10 mL of the Na;COjs solution into an Erlenmeyer flask, add 3 drops
of bromopheno! blue indicator and 20 ] 'diﬁs::til;_}eéd water then titrate with the HCI solution until
the solution changes from blue to Ye]lq\v._Rélieat three times and calculate the exact molarity
of the I HCI solution. ) ':',)l\)u 2C0% is P()\\r\.\t:‘,;{” X hid-lown

BLlue —o ) ellew

B) Standardization of the sodiim hydroxide solution against HCI solution:

Pipette 10.0 mL of: aboﬁ;'“.t...O.i' M NaOH solution into an Erlenmyer flask, Add 25 mL of
distilled water and"3 drops of phenolphthalein indicator. Titrate with the standard HCI solution
until the solution changes from pink to colorless. Repeat thiee times and calculate the exact
molarity of the sodium hydroxide solution.  (Jac¥ s P({W\ME.\ sohd-low .

. g PwK —o Celor kess
C) Determination of Phosphoric acid in commercial acid Phosphoric acid:

H,;PO, is a tribasic acid having three replicable hydrogen atoms. Neutralization of this acid leads
to fhg production or the dihydrogen phosphate, the monohydrogen phosphate and the tribasic
phosphate. The pH of the equivalence point at each stage is 4.6, 9.7 and 12.6 respectively. Thus
in the titration of this acid an appropriate indicator with a transition pH range which matches the

pH of the stage at the equivalence point should be selected. No satisfactory indicator is known
for the third stage.

Contact on: stdhelp @yahoo.com Fhones




1) Titrate 10.0 mL from the provided phosphoric acid with the 0.1M NaOH solution using 3-5
drops of methyl orange or Bromoghem]_blue as indicator. Repeat 2 times. Calculate the
concentration. of HyPOy in the unknown phosphoric acid solution in grams per liter.

2) Titrate another 10.0 mL from the provided phosphoric acid with the 0.1M NaOH using 3-5
drops of phenolphthalein indicator. Repeat two times. Calculate the conceniration of H3PO4
in the unknown phosphoric acid solution in grams per liter.

3) Compare the calculated concentration of HsPO, using Bromophenol and phenolphthalein.

D) Titration of acetic acid in vineaar Ay eeatd _— =
’ Pipette 10 ml aliquot of this solution into Erlenmeyer flask, dilute with about 50 ml of
Q distilled water. Add 3-4 drops of the phenolphthalein mdlcatm Titrate with 0. ]M NaOH
solution. Calculate the acid content (wW/v)% as an acetic acid L\\Q(Vm NJ\%
&:‘O;’Q“ L €SS D :]A\\ "\ <

Questions:

1. If vinegar contains 4% (w/v) of acetic acid (1\ o= 1 9\10 ), ulate the pH of solution

made by mixing 50 ml of this vinegar with JOQ mi of ° distilied water,

o

What is the volume of standardized 0.1 K;i HCL needed to titrate 0.2010 g 0f Na,COs?

W)

What is the pH of a solution of OfOS_TL\’i of H.CO3, pKal = 6.4 and pKa2=10.3

4. Why two indicators can be used f;o:rk-the determination of phosphoric acid?



EXPERIMENT 6
Determining a Solubility Product Constant
Introduction

In general, the solubility product constant, K, is the equilibrium constant for the

solubility equilibrium of a slightly soluble (or nearly insoluble) ionic compound.: Tt equals

the product of the equilibrium concentrations of the ions in the compound, each concentration

raised to a power equal to the number of such ions in the formula of the compound. Lead(IT)
___jodide is an example of a slightly soluble salt. The equilibrium in water is -

Pblysm=—==Pb*"(aq) + 2 Itaq)
The expression for the solubility product constant is

Ksp = [Pb*"II7)? R

‘The equilibrium between solid Ca(I0s), and i'té"i'-,i011-"s,_:i11"‘é'i'- saturated
solution is S

Ca(IO3)(s) =——=

Ca2+(ac1)+ 21057 (aq)

If some analytical technique is used ..td'fx.déférliﬁine the concentration of either the Ca** or 105
ions in the saturated so]ution-,-‘t]i9~;:$01upi1il}"l of Ca(IO3), will be known and the solubility
product constant can be calculated. *, *

In this experiment the,y.,},cb“ngenﬁ"ﬁf1611 of IO3™ ions is determined through titration with
N . e . Dy o . . . - .

a standardized solution”of; thiosulfate ion (520377) in the presence of iodide ion (I'), using

starch as an indicator near, the end of the titration. Iodate ion reacts with the iodide ions

to give Iz (triiodide jon) as the sole product containing iodine:

]O3ﬁ(uq) + 8 r(nq) 4+ 6 H+(nq) —_— 3 ];f(nq) + 3 H‘_)O(r) (N

e . . D s . . . .
The trijodide reacts with S205™" ions during the titration, according to

> 3 l—(nq) ) SIIOGZ~(xlt|) (2)

» .

I37a) ¥2 52057 ag)
S . . = o & R . . .

S4Q0¢ is tetrathionate ion. Combining the two reactions gives a titration reaction of

- 2 X - 5 —

105 way + 6 51057 gy + 6 My —— Tq + 38606 ay + 3 HaOq (3)
'I:riiodide ion is a red-brown color and 17 is colorless, so no indicator is needed for most of the
titration, Starch solution is added ncar the end of the titration (when most of the I3~ ion has been
consumed) in this titration because it reacts with 15~ reversibly to form a more visible dark blue
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color. As I3”is consumed in the titration, the color will fade as the titration progresses. If the starch
is added too early, the 15~ /starch compound precipitates out of solution and is slow to react.

Experimental procedure:

A) Preparation of Saturated Ca(103): Solution.

1. Using the markings on a 100-mL beaLe; pre paxe;afIOJ)7 by adding 50 mL of 0.2 M

KIOs te 20 mL of 1 M Ca(NOs)2. i
Stir vigorously with a stirfing rod. A whlte precipitate of Ca(103)2 ShOUId form. Let the

[0S]

mixture setile fora few minutes.

Use gravity filtration to collect the precipitate after decanting off most of the’ gO]th]OI“

Wash the precipitate with 3 small (~5 mL) portions of distilled water. :

Place all of the wet precipitate in a 250-mL beaker and add 100.0' mL of distilled water.

Stir thoroughly with a stirring rod and let the mixture siand for at. Jeast 30 minutes, leaving
the stirring rod in the beaker. You are attempting to make a saim ated solutlon of

Ca(103)2. Go on to Part B.

S AW

B) Determination of [I057] and [Ca’] in Saturated Caa@g)z Solution.
o Do not add water during filtration or samplinc-w 1hr nvoiﬂrliv of 105™ ions will change.

1. Gravity filter the solution from part | into- a p]em dw 125-mL Erlenmeyer flask. Do not

wash the precipitate on the filter papm
2. Rinse a 10-mL pipet with a small amount of the filtrate.
Pipet 10.00 mL of the filtrate mto a clean 250-mL Erlenmeyer flask. Add 20.0 mL of

distilled water to the flask.: )
4} Measure about 0.2 g of SO]]d KT in.a'small beaker and dissolve in the solution from step 3

above. Add 20 drops of 2:M HCTo the flask and swirl to obtain a homogeneous redbrown

solution. Begin titr: a’cmor ﬂmmedaate]y
5. Titrate with standardized 505" until the solution becomes light orange to yellow. Add 34

drops of 2% starch solution. Contmue titrating until the blue solution just turns colorless.
Record the final. volume of S,05™ solution to 0.01 mL accuracy.
6. Titrate two more 10,00 mL samples.

Questions

1. Calculate the volume of 0.04000 M 8,04> solution that would be needed to titrate 10.00
'mL of 0.01000 M 105", 15ml

W

2. When 5.0 mL of 0.012M Pb(NOs); are mixed with 5.0 mL of 0.030M K, a yellow
precipitate of Pbls forms. Calculate the ICsp of Pbl,, /. ¢ & ¥/ o f

3. Assume that CaCl, was added to an aliquot of saturated Ca(OH),., will the Ksp of Ca(OH);
too high or too low? Explain. /.
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Experiment 7

Todimetrie (direct) titration of Vitamin C tablets

Introduction:

todine (1) s slightly soluble in water, but in presence of iodide jon(1) it forms the triiodide ion(l3)
which s very soluble, R

\

Al excess of fodide ton is added to decrease the volatility of 1, by increasing tlu, qolubiluy(Snm the
equilibrium to the right). Tn chemical processes the iodine is used as an, 0\|d17mnr qnent (direct or
todimetry) while the odide is used as a reducing agent (u!nmul) or lndmct) Todine solution is
standandized against standardized sodium thiosulfate solution (N*L,L 70"&)(Lq 6.2), the deep blue

color of starch-todine complex serves as an indicator.
A 2. d A ‘ -
I+ 28507 — 2I' o+ S408

In this experiment, Vitamin C (ascarbic acid, C6H806) is determined by direct titration with

standacdized todine solution, it is oxidized to.dehydroascorbic acid by iodine.(Eq.6.3)

AL 3\
0=¢" CH—CH—cmony, o 0=G CH—CH—CH,0H

$2I+ 2T (Eg.63)

c—C Ol

U

Experimental Procedure

R R
X N

.-\) Smndn'.i"'di)'}.ntion'of 0.05 M iodine solution, L

S

l ‘\\\’clhh accurately about 2g of anhydrous, pure e sodium thlmulfnte '(NayS,0;). Transfer to

N\ * P —

\00 ml vnlmm‘tm {lask. Dissolve in plb\'lOll‘\ly lmllul distilled water or deionized water

e 2T

(~250 ml) add Jh()lll 0 03 g of NmC(h, and stir until the qohd has dissolved. Fill w0 the
‘v7Q

mark and\nix well,

2. Wash and clean your burette, rinse it with the sodium thiosulfate solution (discard) and

IR

then Tl it \\‘llh NayS,Oy solution, luoul the exact \'olumc (reading).

Eva

ol T e e -
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J
.

Pipette 25 m! of your iodine solutlon (Note 1) to a conical ﬂask dilute to about 50 ml with

distilled water, add [ml of 3M HaSO4 (for acidification) .

e~

4. Immediately, titrate your iodine solution with the thiosulfate, when you get a faint yellow

m—

= .

. qollmon add 2m) of starch and continue the titration, taking as the end point the change in
- \'-—
 color from ble to colorle>§ ( repeat the procedure from step 3 so that you have 3 Successful

titrations).

S Catontae the mean molarity- of your lodine solution -

6. NOTE 1: Ifthe iodine solution is not prepared you may prepare,it;..
\\’eloh about 3 g of iodine, place in 250 m! beaker, add ~ 10‘ dissolve in 100 ml
chstllled \water. Stire to dissolve all iodine, transfer to 250 ml reagent bottle fili to about 250
ml, mix well.

B) Determination of ascor bic acid content o1 'atamm'F agbﬂeis

=5 ” 0’} N 2

1- Weigh accurately 15g of vntamm C ( Zilemg Juice) , transfer to Erlenmeyer ﬂask, and

dissolve in about 130 ml of dlstllled water add 3-5 ml of starch.
o ‘

3- Calculate the % of ascorb - acid in the tablets.

o

POSTLAB QUESTIONS:

1-What is the daily recommended amount of vitamin C for healthy adult?

A

2- \\*"ﬁ’a\_trii:é the purpose of adding Na,CO;, to thiosulfate solution?

3- If 1.0 g of vitamin C tablet treated as described in this experiment and titrated with 35ml of

0.2N of I, solution, calculate the % of ascorbic acid in the tablet?




Experiment 8

Argentometry (MOHR'S METHOD)
Introduction

In Mohr's method, a colored precipitate forms at the end point. Potassium chromate is used as an
indicator. The titration reaction is :

Ag® (aq) + CI'(aq) — AgCl (white precipitate)

The end point reaction is:
2Ag" + CrO4” — AgsCrO4  (red precipitate)

The chromate ions react with silver ions after most of the ch]orlde ions have been consumed. In .
other words, Ag>CrOy is more soluble than AgCl. Chromate jon is. ye]low “the AgC1 precipitate
is white while AgaCr 04 precipitate is red. Thus fo see a red color over the yellow color, the eye
requires that the CrQ4> concentration is very small. Bccause ‘of. thls the Mohr's method imparts 2.

titration error.

Notice, however, that:

a. You should keep stirring the solution during the course oftltratlon to get rid of the red
precipitate of Ag,CrOq that forms local]y wheleﬂ]e titrant is added to supersaturation with Ag’.

Only at the end point will the red color ‘of AgoCrO4 persist.
b. Operate at room temperature since,_;s AgZCrO4 much more soluble at high temperature.

Control the pH of the solution by using a buffer that has a range from 6.5 - 9 for the following

reasons:

» In a strongly acidic solution, the end point appears rather late because any AgCrO, formed will
not precipitate but would rather he converted to the soluble dichromate ( Cr,0;7") according to
the followmg,rcactlon

CrO2+ 20" — Cr,077 + 1,0

If the pH is greater than 9 (strongly basic ), a brown precipitate of hydrous silver oxide is
formed that would interfere with the required precipitate according to:

A\

Ag’+0II — AgOH — A0 5+ H0



Experimental Procedure:

A)

1o

6.

B)

2.

3.

Standardization of silver nitrate by Mohr's method:

Dry sodium chloride (NaC1) in the oven for two hours at 105 °C.

2,
_ ey

~—e

Weigh accurately about 0.6000 g of dried NaCI.

Dissolve is distilled water and trapsfer quantitatively into a 100.0 mL volumetric
flask. Dilute to the marl then shake the solution well. ' :

Pipette 10.0 mi; of the sta ndard chioride solution iwa"ESO'mLmﬁﬁda}ﬂastﬁnd
titrate \?zith the silver nitral‘cisolution using 1 mL c])roma‘t@: i11dicﬁo?’u11_j;il a faint but i
distinct change in eolor of the precipitate occurs (whiE:p/reg_liji}Fe‘_QhaﬂgGS toa '
reddish precipitate). :

Repeat the titration with another 10.0 mL of the same standard chloride solution.

Calculate the average molarity of the silver nitrate solution and also report the
concentration as g per liter. ’

Determination of a mixture of halids NaCi-+ KC1 according to Mobhr’s method:

. Pipefte 10.0 ml of the unknown solution into a 250 mL conical flask and add 1 mL of,

potassium chromate indicator.

Titrate against the standard silver nitrate solution.

Repeat the titration with g’ndther 10.0 mL of the unknown solution.

4. Record the average volume required for the titration.

e ]

5. Given_tl{ét;ﬁt:he tOt;i] mass of both halides is 0.0650 g ix'1 10.0 mL of the mixture,

calculate the mass of NaCl and XC1 in the 10.0 mi.

6. Calculate the mass of NaC1 and KC1 expressed as g per liter of sample solution.

Questions:

1. * What is the role of chromate ions in chloride determination?

!\J

As potassium chromate is an oxidizing agent, what would happen to chloride determination

if the sample were consists of organic matter (say !

ay 100 mg/L glucose) as well.

Find the concentration of chloride in a 25 mL solution to which few drops of K2CrO4 were

added, if the end point required 20 mL of 0.10 M AgNOa.
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Experiment 9

Argentometry (Volhard method)

Introduction

Precipitate-forming titrations are widely used for determination of the halides, chloride (CI),

bromide (Br) and iodide (1), using silver nitrate (AgNO;) as the titrant. .
. €

+

Ag (] (u/lnf n .E’,Ci"‘itatﬁ)

Ag' (aq) + 1 (aq) — Agl (yellow ppt)

In this experiment, chloride will be quantitatively precipitated from ac1dlc solutlon by adding an
excess of silver nitrate solution. The amount of excess AUNO; 1s determmed by precipitating Ag',
with thiocyanate (SCN") using Fe(Ill) as an indicator;, when SCN is slightly excess the Fe(III)

forms the red complex FeSCN?". This is common]y lmown as Volhard method.
Ag'(aq) + SCN’ (aq) —> AUSCN (ppt)

Fe'" + SCN' = FeSCN‘ (red)

Experimental Procedure

]
e

A) Prepalatlon of 0. 02M AgVO; standard solution.
This soltmon is. Served as a primary standard, so be car eful in your preparation

1- ]-Weigh accufétely about 1.7g of standard grade AgNO3 (previously dried).

2- 2= Usmg a powder funnel, carefully transfer the solid AgNOs to a 500 ml volumetric
ﬂask

3. Wash the funnel with distilled water into the volumetric flask (be sure to transfer the
entire solid from the funnel to the flask).

4. Half-fill the volumetric flask with distilled water and shake very well.

5- When the solid dissolved, fill to the mark (distilled water) and shake very well.
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6- Transfer the solution to a brown storage bottle (previously washed, cleaned and rinsed

with your AgNO; solution), label your bottle.

B) Preparation and standardization of 0.02M potassium thiocyantae (KSCN) solution.

1- Dissolve about 0.97 g of KSCN in 500 m1 volumetric flask. Half-fill, when the solid

dissolved, fill to the mark. Mix well.

2- Wash and clean your burette, rinse with KSCN solution (discard), and then fill it with

T €L T

3- Pipette 25 ml of AgNO; solution into Erlenmeyer flask, dilute to '~_5::O"ml with distilled

water, add 2ml of concentrated HNO; and 2ml of ferric a]L}p’l ih'di:catgl‘: &

"L et e &

4- Titrate with KSCN solution (vigorously shaking) to faint pale buff color; if your solution is
orange, you have over-titrated. :

5- Repeat the procedure (from step 3) for anothe;_f?— ahtcj}:l'iots.

6- Calculate the molarity of your KSCI\-{_s‘let'ioQ‘."

C) Determination of chloride in unknown sample.

1- Weigh accurately O._35-6';4_‘ g of your unknown sample, transfer to 250ml volumetric
flask, dissolve in s‘méﬂ'ppﬂions of distilled water, when dissolved completely fill to the

mark. Mix vﬁef}’/"wel]'.

2- Pipette 75ml of your unknown sample into Erlenmeyer flask, add 2m! of concentrated
HNOs. .

. 3-. Add twice 25 ml (pipette) of your AgNOs solution (total of 50 ml).
4- Add 2 ml of ferric alum indicator and 5ml of diethyl ether (to prevent end-point fading)
5- Titrate with KSCN to the ;;ale buff color (the color will fade slowly).
6- Repeat the procedure (from step C-2) so that you have a total of 4-replicates.

Calculate the % mass of chloride in your unknown sample.
—T
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POSTLAB QUESTIONS:

1- Why is it important to protect the AgNOj; solution from light?

What is the effect of adding an excess of ammonium sulfate indicator?

3- Volhard method requires that the sample solution should be acidic during the titration,

explain why?

4- Explain how the fading of end point takes place and why diethyl ether preventing it? —

5- A solid sample weighing 0.50 g was dissolved in water and treated with 50.0 ml of
0.02M of AgNO3, the excess Ag’ was titrated with 32.0 ml of 0.015M KSCN, calculate

the % of Cl in the sample.
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Experiment 10

Complex-formation titration

Determination of water hardness using EDTA

Introduction:

Ethylenediaminetetraacetic acid which is commonly abbreviated as EDTA is the most mdsl\ used

complexometric titrant for variety of metais. Tts structure is shown below:

HOQC-H,

N-CH,-CH,-N
/

4 -
HOOC-H,C CH,-COOH

The two nitrogen atoms and the four carboxyl groups g Gi\*e the ability of EDTA to be a muliidentate
(hexa) ligand, the fully protonated form of EDl % is abbreviated as H.Y, other EDTA species are
H5Y, H.Y7, HY> and Y* , the dlstnbutloﬂ 01‘ the five EDTA species is a pH dependent. In

moderately acidic medium (pH 3 6) the Haﬁ cpemes is predominant, while at pH 12 and higher

T

—

the Y4 is the predominant one..

EDTA forms stable, jvat‘erfsol:{lblé‘,‘ 1:1 complexes with metal ions,

MY )]
M™ + Y =y K=
[Mn+] [\14-]
l

Kaps is the absolute stability constant or the absolute formation constant. When M= Zn2* , Ca®" the

log Kops is 16.50 and 10.5 respectively. This refers to very high stability constant.

In the titration of metal ions with EDTA, Eriochrome Black T is atypical indicator, it behaves as a

weak acid (H.In)™ as shown below (eq9.2).
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Holn- ——» Hin¥+ H* K=5x10"

red blue

In basic solutions at pH > 7, the blue Hin™ is the predominant specjes. However, in the presence of

metal ions like Mg it forms the red-purple complex. Because of/the weak Ca** complex with the

indicator, magnesium (Ma ) which forms stronger complex W/ h indicator is added to the EDTA

solution before the standardization of this solution. Upon tlt)atlon of Ca™* with EDTA, the Ca™"

replaces Mg in MgY>, The-liberated Mg™"complexed ¥ /
Mgln', with the sfight excess of EDTA the solution turns bl} e

/

as a consequence of the reaction.

/ R
/ MgY® + Ca®* — Ca¥™ + Mg’ //
‘/ \\ /

In* + Mg™" — Mgln" (red) ‘
\
Me-In" + HY* — HIn" + Mg- A
Red Rlue

Experimental Pl ocedure

A) Preparation ofEDTA standqrd _

1- Weigh approxlmately about 1. 0 of previously dried (at 80 °C) disodium dihydrogen

EDTA dihydrate (N agHz¥.2HgO).

2- Transfer the amoun't a lb;ig with about 0.05g of MgCl,.6H20 to a 500mL volumetric flask
using a powdel funncl Add ~ 250 ml of deionised water.( dissolution may take 10-20

minutes), if the solutlon appears turbid add some drops of 0.1M of NaOH solution.

3- When the entire solid has dissolved, fill with deionised water to the mark.

B) Preparatlon of Ca* primary stand ard

) =

1- Weigh accurately about 0.1 g of_ previously dried CaCOs.

2- Transfer to 250mi volumetric fiask.

3- Add 1:1 HCI solution dropwise until the solution is clear.
4- Fill to the mark with deionised water. Mix well.

4
|
L
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