SOLVED EXAMINATION QUESTIONS
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e
RAIN SEMESTER EXAMINATION 2012/2013 SESSION
CHM 316 - EXPERIMENTAL INORGANIC CHEMISTRY #
ANSWER ALL QUESTIONS TIME ALLOWED! 40 minutea
Inst ons:

Write your Name, Registration Number and Department on your answer
scripts. Also append your signature ou the answer scripts.

1a(i). What specics of iron is cxpected 10 be prescat in alum ax st the time of production? Give
rcasens for your answer, In what lorm was soluble iron determined and why?

(). Why arc mosl reactions involving complex formalion carricd out in water and i what
foraw are their metallic cations oblained. Givo equation of the renction.

(iii). What property of complex ions will muke thom ot involved in reactions?

(iv). Moat of the cohalt complexes propured were reddish-pink while those of copper werc
blue. What was responsible for these colours and why uro they different?

(v). Pumpic. [Co(NH3)CT|Cly was produced from reddish [Co(NH;)«H-0Q]C)1,. What was
responsible for the difference in their colours and why? Likewise, why wasthc  heuting
done through  asbestas coated wire pauze?

(i). Cxpluin what was responsible for the different colours obtained in the alum produeed
in one of your cxperiments.

(i1). Different levels of spillages were observed on the addition of concentrated HiSOs w
aluminium [oil during the production of alupL Briefly cxplein what happened
stressing whut was responsible for this observation,

(iii). How wus it ascortuined thut the product obtained in the last experuncat was alun?

(iv). Whaut arc the sources of the insoluble marter in alum and how were they ascertained in
their deteniinalion in the produced 2lum?)
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SOLUTIONS:

la. i

(i)

(iii)
(iv)

W)

2(3)

(i)

(iii)
(iv)

e Fe¥ ion is expecied (o be present in Alum

e  This is because on the addition of 2M HCI, Ferric chloride (FeCl,) was formed.

Soluble iron was determined in the (+111) oxidation statc because KyCraO7 was
added which oxidized Fe' 1o Fe'*

e Water serves as a minimum of ionization where there metallic part of the salt was
released in the jonic form.

e Metallic ions arc obtained in the hydrated form [(M(H,0)s]™. thc tctrahedral or
square planar derivatives. It can be expressed in the equation below:

MCl, +6H,0 — [M(H0),]"" + 2Cr
Complex ions are usually labile in nature,

Presence of unpaired elections usually in their d-orbitals. They both have different
numbers of unpaired electrons which resulted in different frequencies of
absorption and emission of energy when they are excited and otherwise.

eThe two complexes have their central metals in the (+I1I) oxidation slates therefore,
the difference in colour is associated with the ligands directly connected to the central
metals (inner coordination sphere) while one was electronegative in nature, the other
was neutral.

oThe asbestos lined gauze was to prevent directed heat or naked heat on the complex
so as 1o prevent the denaturing of the ligand which could lead to the total destruction
of the ligands.

Sample preparation. It had to do with the.extent of the removal of the impurilies
and the oxides coating the surface of the aluminum,

Purity of the aluminum sample used and the particle size (surface area).

The purer the aluminum sample and the finer the particles used. the higher or greater
the rate of reaction resulting a higher level of spillages observed.

When the product was placed in'the oven, it did not melt.

Insoluble matter originated {from impuritics.
They were ascertained because the sluminum was soluble in concentrated HSO..
leaving the impurities in solution to |1(21|lcr€d off.
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Instructions:
eWrite your Name and Registration Number on your answer scripts.

1a. (i)
(ii)

(i)

(i)

(v)

()

().

(iii)

(v).

Differentiale between Labile and Inert complexes”?
Which of the two types of complexes mentioned above is expected to be more stable?

What role(s) do Bond Length and Bond Strength, existing between the central metal and
ligands. play in determining whether a complex will be labile or inert?

Mention one labile and one inert complex among the ones synthesized in the practical classes.
Give reasons for your choices.

Why must it be ensured that the transition metal salt be properly dissolved in water or any
appropriate solvent before complexation is carried out.

Some of your prepared complexes are presented below: use them 10 answer the next set ol
questions.

*[Co(NH1)4]804, *[Co(NH1)sH20]Cla, *[Co(NIl;:),]Cl; and *[Co(NHa)sCl]Cl;

From the set of complexes, list the spectator and counter ions. How would you difTerentiate
amongst these set of ions?

Which of them will be the least stable und why"?

How many ions are present in cach of the complexes? Arrange them in an increasing order ol
conductivity.

In the production of alum from waste aluminum, whut can be done 10 ensure that the
aluminiun shreds are properly dissolved after the addition ol concentrated tetruoxosulphate (v)

acid? What is/are the disadvantage(s) of the non-dissolution of the shreds.

(vi)

Explam how 70%vivol of the pravided Biraoxosulphate (V1) acid solution was prepared.



SOLUTIONS:

1a(i)  Labile complexes
Reactions are completed within milliseconds and a minute so they are very fast
Crystal field stabilization encryy is very low
Low thermodynamie and Kinetie stability

(i), Inen Complexcs

(ii1) The shorter the bond length, (he higher the bond strength and it resultsin a relatnvely
more inert complex,

(iii) “Shorter bond Tength, weak bond strength result in liability

(iv) Labile: [CutNH;).80,
Inert: [Co(NH)]Cly

(iv)  Proper dissolution results in the total ionization or release of the metal 1on into
solution which produces an elcctron deficient centre for the nucleophilic ligands to

get attached to.
b.
Complex jons Counter ions
[Co(NH)™ SO~
[Co(NH;)<H0) cr
[Co(NH3)e}”™ 3cr
[Co(NH,)CI]™" 2CT

(i) The anionic parts can be tested for both sulphate and chloride ions. Since the chlonide
ions present in two of the complexes differ. the with a higher concentration of AgNO-
precipitate produced is expected to be for those with cobalt in the +3 oxidation state

(ii) [Co(NH;)sC I](’l;v This is because cobalt is existing in lhc#qu,ic.hlim state thus
exhibiting the d” conflguration theat'is less'stable than the d° in the =3 oxidition siate.
(iii) (1 2 ()a . G4 )3
[Co(NH:):SOs < [CoNHz)CIICl; < Co(NH)H0)Ch < Co(NH,).)C,

(iv). Addition of conc. H:SO; activated the digestion procéss of the alummum particics
Addition of-water enhanced the mobility of the acid arornd the
undigested aluminum particles thus covering a ldryer surface
arca and nereasing the rate of digestiion accompamad by the
cvolutiontof yases. ' :

eProduct is usually impure and a lower yield is obtaised.

s

To 70em’ of the concentrated acid. make itup to the mark in s standard 100 ¢,

Nask.

(i)

4
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In onder to prepare an ammine complea, copper CuS0, - SH3;0 and conc NHy were
used with no heating:
a. What changes will be observed when
i a few drops of the ammonia is added 1o the nqueous solution of copper sulphate
i. the ammonia is added in excess
b, Write the reaction equations for cach step above
¢. Draw the structure of the final product afler excess conc NHj is added

2a. Generally in lab preparation of transition metal complexes even before the products are
taken for instrumental analysis, whal obscrvations would be made to indicate that a

product has been formed.
b. To prepare pentaamincaquocobalt(lll) chloride using CoCly, ammonium chloride and

concentrated ammonia, what is the role of
i. Activated charcoal

il. Hydrogen peroxide
. Show using chemical oquation how you would convent pentanmincaquocobali(111)

chlonide to pentaamminechlorocobalt(lll),

3a. Somc complexes are described as being labile, what does this mean?
b. Arrange the following complexes in the order of increasing lability - [Co(NH,),]CL5.
K3[Co(CN)g). [Cu(NH3),S0,11,0]
c. Explain why your choice for the lcast labile complex.

4. To be able 1o estimate the % of Co in a sample of [Co(NH;)¢]Cl; (0.1 g) . th reaction
equations below summarizes process 10 achieving this. Calculate the amount of Co in the
complex if 1,54 ml. was the average lilr‘c valuc of 0.025 M sodium thiostlphate that was

used in the titration.
[Co(NH,),ICly + 3NaOH < Co(OH)y(s) + INaCl + 6NHy (1)

Co(0H)y5) + 3K1 + 3HCL = Colyey + 3KCI +31, +3H;0 (2)
I’ + 25:01- e S‘O,:'- +2° (3)

sa What is a double salt?
b, What s the formula of chrome alum?

5



¢. KCcF. is a doublc <alt and K Yhl] it comples sall, write out for <xcli the ot thal
cxist in solution,

SOLUTIONS:
Iai Pale blue precipitate
ii,  Dcep blue solution

b [Cu(H;0)61S04 + 2NN,OH =+ [CU(OH)3(Hy0)4 10y + (N114)280, + ZH40
[CuCH30)41S0, + 4NHy = [Cu(Hy0)5(NHy)q}504 g, + 4H30

Change in colour and a change in stale
Activated charcoal - catplyst-
ii.  Hydrogen peroxide - pxidizing agent

e. Co(NH,)s(H,0)]Cly. A [CoNH,)sCIICly,, +H,0

o ¥

3a. Any metal complex thut's umicrp_.pcs reuctions with ti < 1-min at ardinary condisions

(roam lemperature and pbhout0. 1 M salution) is dcscn"hul as lsL-hig labzlo,

b, Ka[Co(CN)gl, [Ca(NHz)olCly, [Cu(NH3),SOH.0} i

¢ Ks[lCo(CN)slis the least kibile becayse ofthe JaFge charge density ofCo as well
as the farge crystal Lxclcrsmbxhzauon ehstay dite ON° heing is & strore field tgand,

4. . From0.025M S5,0%" A " i
1000cm® = 0.025 males '

. -0.8a
~1.84cm* = 3053’( 1.54 moles = 385% 10~ wmoles

Frém reaction cquation 3
Lmnofe of fy= Zm.gle 5203 T

385x 1075 -
—T-—r' “nminles of | = T 92‘3 * 10" mates

From peaction cquntion
%rnula'ufflz_ = 1 ntole C(OH)
= 1.925:% 1075 moles o) e 2 x.(1.925 x 1075 Cu(Qin,
3.85 x 1078 rmrlv's d} Co(OH);
Erowm reactien cguation |
1 male Cn(BH )3 = Einole |Cu(NH) ) Clx
B5 x 107 moles vfCa(NH,)4|CH
From 1 mole [Co(NH3) )|l has 1 mole of Co™
§)

r -



Al .
Instructions:
Write your Name, Regisc...

la

ii.
i1

ii.

=

i. Draw the sivuctures of the following complexes.

i. [Cu(NH;3)sCl2) ii. Cis-[Cu(en)2Clz] iii. Trans-[Cu(en)2Cl2]
Arrangc the compounds according to an increase in:
< their thermodynamic stability and kinetic inertness.
e their rate of reacting with the CO ligand.

What determines the amount of ligands involved or used up in complex formation?

Name the process associated with the dissolution of salt essential for complex formation in the
preparation of [Co(NHa)g}Cla. Also express the process in an equation if hydrated cobalt chloride
is involved in the synthesis.

iv. What was responsible for the colours displayed by the [Co(N'I—IJ)e]Clz and [CU(NH3)4]SO4

synthesized in your experiments.

If you were provided with two unlabeled reagent bottles containing dilute and concentrated
sulphuric acid solutions respectively. Use the reactions of the contents of these bottles with
aluminium foil to identify them contents of these bottles? Use equations to back up your answers.

Why were domestically used Al foil used in the production of alum and not its bauxite ore?

\\ . h N
Write the equation that represent the preparation of chrome alum and show the evidence of
reduction in the process. State with reasons why the temperature of the reaction must be regulated
in the preparation of chrome alum?

Why is Na* ion not appropriate for use in alum.

Name the organic compound common 1o the polyethylene and kerosine that enhanced their
ir,'teraction with eachother?

Which of the complexed or uncomplexed polyethylene particles would exhibit:

@ a higher density

& a higher surface area if the same quantity of star ting material was involved in the production of
the two substances.

e Why was the weight of the recrystallized polyethylene particles greater than that of the fresh

polyethylene samples?

o|What is the effect of incomplete removal of residual kerosine on the particles of the calcium
complexed and the uncomplexed polyethylene particles? Which of these two would be more
affected by the effect of residual kerosine.

Gllve reasons for all your answers.

<
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Writo ,- - =1gnature on the answer scripts

]a. The cquations (a) and (b) below summarise the production of chrome alum

K:CriO-@g + 3C:HsOH + H2SO4 ——»  KaSOusaart Cra(SO4)sua) + ICHICHOm + TH: (a4
K:SOuppt Cr3(S04)amgt+ 24H20 ——»  K2804.Cri(804)1. 24H10 h)

o 1dentify the reducing agent in the equations above. Give reasons for your choice
e \Which of the important species in the alum produced was reduced. How did you arrive at your afe e
o Why was the temperature of the experiment kept between 30 °C and 50 °C ?

Predict the products A and B of the reaction between the cobalt complex and the cyano compound 13
expressed in the equation below.
[Co(NH3)sCIIClz +CN~ —> A + B
: LI

® Would the cobalt complex behave as a labile or inert compound? Give reason(s) for your answer.
@ Draw the structure of compound A indicating the position of the leaving and incoming species. Give
reasons for your answers.

In the syntheses of [Co(NHs)s]Clsand [Co(NH3)s H20]Clz in the just concluded CHM?3 16 clusses:

e State the roles of NH4Cl and concentrated NH3
o Why was a smaller quantity of HCI used in the production of the former than the lattez?

i. What is responsible for the difference in colour observed in the complexes [Co(NH3)s CI)Ch and
[Co(NH3)s H20]Cl2 exhibiting purple and red colours respectively despite the fact that the cobalt ions in
the two complexes are in the +3 oxidation states.

- Name the process involved in the complexation of the pulverised high density polyethylene with metal
ions stating the kind of bond that resulted from such an interaction?

If the members of Group 2 (Akanji's group) had used containers that contained rust,

e What effect do you think this would have on their product?

@ Diagrammatically show and name the type of polymers produced with calcium ions and the ones
contaminated by the rust.

‘ ¥ hat was responsible for the better digestion observed in the aluminium foils cut into much smaller sizes

on reacting with concentrated H2SO4 during the production of alum from aluminium foil? , i» “':i -
-

|+

State the relationship between the insoluble matter present in the produced alum from the aluminium foul
and its purity and yield?. 8

Iy bwa 7 a2 2 Co A €y~



la.i.

E:

iii.

Give a simple equation that describes the formation of an octahedral coordination compound
with ligand “L” using a water soluble metal salt (MX;).

Give reasons why the first set of coordinated compounds prepared in the just concluded
CHM 316 practical classes were not used for subsequent preparations and the lability test.

Classify ligands based on the spectrochemical series. Using the reaction between the complexgs
prepared with the described-Jigands abeve and water, arrange them in an increasing order of
labiliy. Give reasons for your answer. _

‘ Nl H0)  Coiels o™ Sog” Eog

Aluminium foil was used in the production of alum, if Al is the first cation involved, what is the
scuree of the other one responsible for the deuble salt nature of the alum?

What was the role of the concentrated sulphuric acid in this alum production?

How was it ascertained that the digestion of the aluminium foil was completc in the
process? ‘

What is the relationship between the insoluble matter and the percentage yield of the produced
alum? How can the percentage yield, to some €Xtent, be used to determine the purity of the

alum? m\%
N\ X \ 6”\9

What is responsible for the interaction between the calcium salt and the relatively iner!

olyethylene? -
s . U-\J\./Qb/\ ALY /7
Using the percentage yield and texture, differentiate between the coordinated and uncoordinate
polyethylene giving reasons for your answer. «

Would this have been possible if NaCl had been used in place of CaCl,? gl\\f\ ET/CFJS for ya!

answer.
'\ '*\ ac) QM \ I
er-

/. H_N‘f‘.l /'(\j



la.i.
ii.

iii.

b.i.

State the relationship between Crystal Field Stabilization Energy (CFSE) and Reactivity in complexes.
What role does the Crystal Field Stabilization Energy play in the lability and inertness of metal
complexes? bt B AT (ol

Arrange the following complexcs\m an mcrcasmg order of Reactivity and CFSE (4).

o [CoNH)HOICh, o [ComH)ICl o [CoNHRCICL: |
ln w) S N

The reversible reaction below showed the preparation of Pentaamminecobalt(III) Chloride from
Aquopentaamminecobalt(IIT)Chloride in which the forward reaction required a regulated amount of heat.
Which of the rate constants will be involved in the rate determining step? Give reasons for your answer.

k;

2

[Co(NH3)sH,0]Cl, [Co(WH3)sCIClL,

ii. _ State what is ususlly rcsponsible for the poor yield observed in the preparation of

iii.

%3

i

Aquopentaamminecobalt(IIT) Chloride (most common mistakes encountered)

Write the formula of the chrome alum you prepared and show how it can be related to that of a standard
alum. How does it also compare with the alum prepared from aluminum foil? -

Why was the temperature regulated (controlled) in the production of chrome alum but otherwise in the in
the production of alum from aluminum foil?
Which of the uncomplexed and calcium-complexed p’olyethylene particles is expected to be
e denser
e more biodégradable? z
Give reasons for your answers.

<IN

Name the gas was released during the digestion of the aluminum foil with the concentrated acid? What
was the effect of this gas on potassium permanganate? Express your observation in a chemical equation,
stating the nature of the gas and how the process was achieved,

Briefly explain the sedimentation action of the alum produced? How did you confirm that the alum
produced from aluminum foils was going to be effective in its sedimentation action?

Various colours, different from the expected deep blue of the Tetraammineaquosulphatocopper(Il)
complex [Cu(NH3)4(H20)SO4] in the crystalline form, were obtained by the different groups in the CHM
316 experiments. With the use of equations, sho Qe steps that resulted in the desu'ed colour and briefly
explain what could have been responsible for the colour variation in the nrads~s- 7"
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OBAFEMI AWOLOWO UNIVERSITY, ILE-IFE, NIGERIA
DEPARTMENT OF CHEMISTRY.
RAIN SEMESTER EXAMINATION 2018/2019 ACADEMIC SESSION
CHM 316 - EXPERIMENTAL INORGANIC CHEMISTRY
ANSWER ALL QUESTIONS TIME ALLOWED: 40 minutes
Instructions: .
Write your Name, Registration Number and append your signature on the answer scripts

lai.  Give the general formula for the alum prepared from aluminium waste clearly defining the terms
involved.

il.  What step must be taken to ensure a substantial yield in the alum produced?

iii. Use an equation to express the digestion process of the aluminium waste, stating the role of KMnOy in
the process and also back your answer with an equation. Also state why the baking process must take
place at a temperature o£150°C?

b.i.  What property does the dissolving solvent and the polyethylene have in common? What effect will a
gradual recrystallization of the dissolved have on the product obtained?

ii.  Use the detailed structure of the calcium-complexed pulverized polyethylene to differentiate between
its texture and that of the uncomplexed product.

ili. ~ Whatwas the role of activated charcoal in the production of the [Co(NH3)s]Cl3? Why was activated
charcoal not added in the synthesis [Co(NH3)sH20]Cl3

iv.  Using the Crystal Field Stabilization Energy (CFSE), determine the more stable between the
octahedral complexes of cobalt in the +2 and +3 oxidation states. Give reasons for your answer.

ci.  Inthe syntheses of the cobalt complexes, why was hydrogen peroxide added to the CoCl,
solution and not otherwise?

ii.  Using the equations below:
[CoOMNH3)]Cls  + "CNqq ——> [Co(NH3)sCN]Cla¢sy + Cli@g ... eqn. 1
[Cu(H20)4]* g + 4NH3@g ——>  [Cu@NH3)]* g + 4H0 @ ... eqn. 2
Classify the products in the equations according to their thermodynamic or kinetic preference. Give
reason(s) for your answer.

iii.  Whickeof the starting salts in the syntheses of the cobalt and copper complexes prepared in the just
concluded CHM 316 practical classes would produce the required hydrated metal cations more
readily? Give reasons for your answer.

iv.  Use the amount or concentration of ammonia used in the syntheses of [Co(NH3)s]Cl3 and
[Co(NH3)sH20]Cl; to determine the one that would be labile or not.

11
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lai.  State the relationship between Crystal Field Stabilization Energy (CFSE) and Reactivity in complexes.

b.i.

A\

e

ii. What role does the Crystal Field Stabilization Energy play in the lability and inertness of metal
complexes? N :
iii. Arrange the following complexes in an increasing order of Reactivity and CFSE ).

P [CO(Ngb);PbOJcié e [Co(NH3)]Cls e [Co(NH3)sCl]Cl2

The reversible reaction below showed the preparation of Pentagmminecobalt(ﬂl’) Chloride from
Aquopentaamminecobalt(III)Chloride in which the forward reaction required a regulated amount of heat.
Which of the rate constants will be involved in the rate determining step? Give reasons for your answer.

Ky
ks

([CoMNH3)sH-O]Cl, [Co(NH3)5CIICL
State what is usually responsible for the poor yield observed in the preparation of
Aquopentaamminecobalt(Il) Chloride (most common mistakes encountered)

Write the formula of the chrome alum you prepared and show how it can be related to that of a standard
alum. How does it also compare with the alum prepared from aluminum foil?

Why was the temperature regulated (controlled) in the production of chrome alum but otherwise in the in
the production of alum from aluminum foil? .

Which of the uncomplexed and calcium-complexed polyethylene particles is expected to be
® denser

® more biodegradable?
Give reasons for your answers.

Name the gas was released during the digestion of the aluminum foil with the concentrated acid? What
was the effect of this gas on potassium permanganate? Express your observation in a chemic:

al equation,
stating the nature of the gas and how the process was achieved. ) >

Briefly explain the sedimentation action of the alum produced? How did you confirm that the alum
produced from aluminum foils was going to be effective in its sedimentation action? '

Various colours, different from the expected deep blue of the Tctraammineaquosu]phatqbopper(ﬂ)
complex [Cu(INH3)4(H20)S04] in the crystalline form, were obtained by the different groups in the CHM
316 experiments. With the use of equations, show the steps that resulted in the desired colour and briefly
explain what could have been'responsible for the colour variation in the products obtained. -

‘
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. i .
lai.  Inthe production of alum using aluminum foil, both the digestion process and the determination
of insoluble matter in the alum utilized Tetraoxosulphate (VI) acid. With the aid of detailed
equations alone, differentiate between these two processes, clearly stating the conditions of the
two reactions.

i

il. How was it ensured that adequate amount of Aluminium waste got digested enroute the
productlon of alum?

iii. Briefly explain why the products obtamed from different CHM 316 groups exhibited
different levels of crystallinity.

iv. Use detailed equations to represent theﬁ complexation reaction involving the low-density
polyethylene and the following water-soluble salts (a) CaClz and (b) AICl3. Also propose structures
for the different complexation products.
eoFrom your proposed structures, detcrmihe the product that is expected to be more dense and
coarser. !

e Which of these resulting products is expeoted to exhibit a higher melting point?
Give reasons for your answers. ;

bi. Arrange the following complexes in an incrieasing order of electrical conductivity.
@). [CuNH3)sH:0 SOs]  (b). [CoNH3)sH20]Cls  (c). [CoNH3)eCls ~ (d). [Co(NH3)sC1ICla
(¢). [CuNH3)4C12]SOx. .

Give reasons for your answer.
) |

ji. What simple tests can be used to differentiate between the following complexes?
® [Co(NH3)sCl]Cl2, e [Co(NH3)s:H20]Clz and e [Cu(NH3)sC12]SO4

iii. What is responsible for the difference: in the colours displayed by [Co(NH3)s]Clz and
[Co(NH3)sCl]Cl: even though their central rfnetals are existing in the +3 oxidation states.

iv. In the synthesis of chrome alum;
o State the role played by tetraoxosulphate (V T) acid and the significance of this role.
e Why was the K* ion preferred to the Na* jon as the monovalent component of the compound?
o Briefly explain why the chrome alum’ exhibited intense colour when compared to those
obtained from aluminium foils? Give reasof)s for your answer.
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