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characterisation of
oxalate complexes
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f: M. Teresa Albelda
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Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

(" The aim of this practice is to synthesise two N
oxalate complexes, one with Fe(ll)
([Fe(C,0,}(H,0),]) and another with Fe(lll)

(K5Fe(C,0,);]) showing different modes of

\_ coordination of the oxalate ligand. y,

A brief introduction to metal complexes, synthesis of metal oxalates, and experimental
procedures, can be seen in the following video:

https://www.youtube.com/watch?v=eNENz-KIOcw




Oxalate complexes [Fe(C,0,)(H,0),1i K;[Fe(C,0,),]

Objectives:

1. Synthesis of two oxalate complexes [Fe(C,0,)(H,0),] and
K;[Fe(C,0,4)5]-3H,0.

2. Determination of the formula for potassium salt through thermal
drying and conductivity measurements in agueous solution.

3. Reactivity assays of Fe(lll) complex.

4. Thermal decomposition assay of Fe(ll) oxalate.

5. Characterisation of the coordination modes of oxalate ligand
(bidentate and bis-bidentate) in the complexes using IR
spectroscopy.

Oxalate complexes [Fe(C,0,)(H,0),1i K;[Fe(C,0,),]

Previous questions:
1. Draw a flow diagram for the synthesis made during this practice.
Calculate the moles of reagents used in each step.

A) Synthesis of [Fe(C,0,)(H,0),] J > 7.5g0f (NH,),S0, - FeSO, - 6H,0
< + 25 mL H,0 (warm)

+1mL H,50, 3M

—

Heat to dissolve while stirring
Add 3.75 g oxalic acid in 40 mL water

Heat to boiling while stirring

Decant the supernatant and add 15
mL of warm H,O while stirring.

l Filter through a Buchner
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lFiIter through a Buchner

v

Filter Yellow solid

lWash with warm water
lWash with acetone

lAir— dry

Weigh and determine the yield

* Mohr’s salt (NH,),SO, - FeSO, - 6H,0

7.5gX

1 mot (NH,),S0, - FeSO, - 6H,0

392.13g

* Oxalic acid H,C,0, - 2H,0

3.75g x

1mol H,C,0, - 2H,0
126.07 g

= 0.0297 moles H,C,0, - 2H,0

= 0.0191 moles (NH,),S0, - FeSO, - 6H,0

Oxalate complexes [Fe(C,0,)(H,0),1i K;[Fe(C,0,),]

B) Synthesis of K;[Fe(C,0,);]:3H,0 {-\

2.5 g of K,C,0,-H,0
+8mLH,0

Add 1.8 g [Fe(C,0,)(H,0),]
Heat the mixture @402C while stirring.
l Add 7 mL H,0, (20 vol) while stirring.

Heat to boiling.

Add dropwise 7-8 mL H,C,0, (10%) until
1 the precipitate redissolves.

l Filter over pleated filter paper if turbid

v ¥

Filtrate Discard filter paper

Oxalate complexes [Fe(C,0,)(H,0),1i K;[Fe(C,0,),]
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Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

l Filter over pleated filter paper if turbid

v v

Filtrate Discard filter paper
Add 15 mL ethanol

Cool in darkness, room
temperatura, and later ice

bathl Filter {Buchner or filtering plate}

v v

Filtrate Green solid
l Wash with water:etanol {1:1).

l Wash with acetone. Air-dry.

Weigh and determine yield

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]
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K,C,0, - H,0
: 258 % 1m—m|(12;(3;’—24‘—H29 = 0.0136 moles K,C,0, - H,0
; * [Fe{C,0,}{H,0],] :

&
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C) Determination of potassium salt formula
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*+ K,[Fe{C,0,);]-3H,0

1 met K;[Fe(C,0,);]:3H,0

10gx 491.15 g

= 0.00204 moles K,[Fe(C,0,),]-3H,0
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Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

D) Reactivity assays

« K,[Fe(C,0,);]-3H,0
tmot Ky [Fe(C,0,),]-3H,0
: 0.25 g x al 49(1_125 ;)3] - = 0.00051 moles K;[Fe(C,0,);]:3H,0 :
D ¢ [Fe(C,0,){H,0)]
D5 g w2t [Felggzgg);'{zo)zl — 0.0028 moles [Fe(C,0,)(H,0)2]

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

2. Write the Lewis structure of oxalate ion. What are the
coordination modes?

."c - . - :6: O — - ﬁ: '\ ..0.0
Q- o '°\ - N
//C' /C \ Y N S
. .0' . :— o’ .lo. :..z_ -..-.
1 2 3 4

Structures 1 and 2 contribute equally to the whole system, as well as structures 3 and 4. This
is supported by a simple symmetry analysis where structures 2 and 4 can be obtained by a
180 deg. rotation along the C-C axis of structures 1 and 3, respectively. Oxalate anion
structure possesses two delocalised negative charges.

0 o
N A
CcC—C.
74 N\
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Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,);]

Coordination modes of oxalate anion:

Ong O™ Oy O M
| |
C. pe
0% ™0 07 So—m
Monodentate ligand Bridge ligand

0 0
CI:/\ /\?/\
M M

M

Bidentate ligand Bis-bidentate ligand

Oxalate complexes [Fe(C,0,)(H,0),] i K;[FelC,0,);]

Coordination modes observed for the oxalate groups in copper(ll} complexes:

(?II
o o 0 o, 0 o
Cu_- I CII.‘ .:Cll Cn':‘ I
o o o o % o
p—oxalato—«>0", 0’ p—oxalato— u—oxalato—
120!, 02120 0™ 1°0’, 0*:2k0™
o o Cu Cu
C“,.: & o »6 G
) O eeeen Cu o e e b o
u—oxalato— us—oxalato— us—oxalato—
10", 0%:2x0"™ 10", 0°:2x0"3 x0™ | 1K°0",0°:2x0":3
KOla

Cu Cu

Cu

o o OO,

o 05 C o I ‘o

; » Cu I 0" o'

C“ o s Cu 4
p—oxalato— Hs—oxalato— Hs—oxalato—
1x0":2x0’ 1K°0",0%:2x0":3k0™: | 1K*0",07:2x0":3xk0

4x0™ ‘e, 0*:4x0™

A. Switlicka-Olszewska et al. New J. Chem., 2014, 38, 1611-1626
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Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

3. Why is the synthesis of Fe(ll} oxalate is carried out in an acidic
medium?

Fe(ll} and ferrous oxalate are oxidised quickly in air during the dissolution, generally within
an induction period of a few hours, unless an acidic environment or an inert atmosphere is
maintained.

Simplified Pourbaix diagram
for iron-water system at 77°F (25°C)
E.v

2.0

FeOs (aq)

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

Moreover, synthesis should be done due to the extreme insolubility of iron (lll} hydroxide,
Fe{OH)..

We can write the oxidation reaction, somewhat simplified, as:

Fe?*(aq )+ 6H,0(l} — > Fe(OH),(s) + 3H,0*(aq) + &~

The Ksp (solubility product) value for Fe{OH), is very small: 2.79x107%. From the
equilibrium reaction it is easy to understand that acidic conditions (high [H,0*]} push the
equilibrium to the left, thus preventing oxidation.

This also explains why Mohr's Salt resists oxidation much better than simple ferrous
sulphate, as the ammonium ion provides some acidity.

In alkaline conditions, the oxidation of ferrous ions to ferric ions is very fast.
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Oxalate complexes [Fe(C,0,)(H,0),1i K;[Fe(C,0,),]

At pH of less than 2, the C,0,> concentration is negligible. In such solutions, the active
species is HC,0, rather than C,0,%. At a pH higher than 3, almost complete ionisation of
oxalic acid is observed. In this region, the active species are both HC,0,” and C,0,%. Above
pH 4, the concentration of HC,0, is less than that of C,0,%, and at above pH 6 the
concentration of HC,0, becomes negligible.

1.0

H,C0,

0.8

0.6

0.4

Distribution fraction

0.2

0.0
a

Oxalate complexes [Fe(C,0,)(H,0),]1 i K;[Fe(C,0,)]

In Eh-pH diagrams, the predominance of FeC,0,(s) is clearly shown for the system
containing 0.21M oxalate (right-sided graph). Without oxalate, Fe,0; and Fe;0, will be
dissolved forming Fe?*, whereas in the presence of oxalate solid, FeC,0,(s) is the
predominant species existing over a wide range of pH from acidic zone to > pH7 in the
potential range where of iron oxide dissolution occurs. This implies that solid FeC,0,(s) will
be finally formed when the oxalate concentration is 0.21M (as shown in this graph) or

higher. 18

16} Fe(OH)s

Equilibrium diagrams show

that in low acid solutions }0'6
(higher than pH 3), the only 5902
thermodynamically stable 02 1
complex ions of bivalent and 46 [t

trivalent iron are [Fe(C,0,),]*
and [Fe(C,0,),]%.

Eh-pH system diagrams for: (a) Fe-H,0 and {b) Fe-H,0-0.21 M H,C,0, (from Sukhotin and Khentov, 1980).
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Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

4. What is the concentration of a hydrogen peroxide solution of 20
volumes?

2H,0, (aq) » 2 H,0 () + 0,

Hydrogen peroxide of 20 volumes means that 1 mol of H,O, produces 20L of O, under
normal pressure and temperature (T = 273.15 K and P = 1 atm). Thus, considering O, as an
ideal gas:

P-V 1atm-20L
nQ, = = = 0.8923 moles
atm-L

0.0825——7°* 273.15K

Let’s lock at the reaction stoichiometry:

0.8923 moles 0, x —nes a0 1 _ 4 osen
AP oS Y A T et 0, 1L

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

5. Why ethanol is added in step B.4 in the synthesis of

Since the salt produced, Ks[Fe(C204)z], is soluble in water, it will not precipitate from an
aqueous solution. However, when ethanol (a miscible liquid) is added to the solution the
resulting solvent system of water-ethanol is less polar than water. This reduction in the
polarity of the solvent system, coupled with cooling of the mixture causes the salt to
precipitate.

3K (ag) + [Fe(C:0:).F = KalFe(C:0,);1(s)

Alcohol is added to the solution to cause the complex iron salt to precipitate since it is less
soluble in alcohol than in water.
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Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,);]

Experimental procedure:

A) Synthesis of [Fe(C,0,)(H;0),] V' 7.5g0f (NH,),S0, - FeSO, - 6H,0
_— +25 mL H,0 (warm)

+1mL H,S0O, 3M

Heat to dissolve while stirring
Add 3.75 g oxalic acid in 40 mL water i

Heat to boiling while stirring

Decant the supernatant and add 15
mL of warm H,0 while stirring.

Filter through a Buchner

e — — ——

Oxalate complexes [Fe(C,0,)(H,0),]1 i K;[Fe(C,0,);]

l Filter through a Buchner

v v

Filter Yellow solid

lWash with warm water
lWash with acetone

lthw

Weigh and determine the yield

www.youtube.com/watch?v=Zmod4R0IzIQ
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Oxalate complexes [Fe(C,0,)H,0),1 i K;[Fe(C,0,),]

B) Synthesis of K;Fe(C,0,),]:3H,0 [\
2.5 g of K,C,0, - H,0
+8mLH,0

Add 1.8 g [Fe(C,0,)(H,0),]
Heat the mixture @402C while stirring.

l Add 7 mL H,0, (20 vol) while stirring.

Heat to boiling.

Add dropwise 7-8 mL H,C,0, (10%) until
;t ~ ;; l the precipitate redissolves.
’ ‘: .' 4 « Filter over pleated filter paper if turbid

| iéo,m,n \l’ l’
Filter Discard filter paper

Oxalate complexes [Fe(C,0,)(H,0),1 i K;[Fe(C,0,),]

l Filter over pleated filter paper if turbid

v v

Filter Discard filter paper

Add 15 mL ethanol

Cool down in darkness, room
temperature and later ice bath

l Filter (Buchner or filtering plate)

v v

Filter Green solid
l Wash with water:etanol (1:1).

l Wash with acetone. Air-dry.

Weigh and determine the yield

www.youtube.com/watch?v=bOvnCpgFRzg
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Oxalate complexes [Fe(C,0,)(H,0),]1 i K;[Fe(C,0,),]

C) Determination of potassium salt formula

* Number of hydration molecules
Grind 1.5 g of dry K;Fe(C,0,);]

Weigh 1.000 g in a tared watch glass

remains constant

l Heat in stove @110°C until weight

Determine the water hydration number

* Determination of electrolyte type
Prepare 50mL of 103 M K;Fe(C,0,);]

l Measure specific conductivity

l Calculate molar conductivity

Annex 1

l Compare results with the data in

Determine the type of electrolyte in the complex

Oxalate complexes [Fe(C,0,)(H,0),]1 i K;[Fe(C,0,),]

D) Reactivity assays

1. Exposure to UV light Weigh 0.25 g of dry K;[Fe(C,0,):]
Dissolve in 5mL water + 10 drops
l glacial acetic acid

l Stir the solution and transfer to a watch
glass

Leave the watch glass exposed to UV light during 30 min

W e

2. Exposure to light Dissolve some K;[Fe(C,0,);] and divide in two test tubes

¥

Tube A Tube B

V

Cover with aluminum foil Expose to light

and keep in darkness

Add 1 drop phenanthroline Add 1 drop phenanthroline

02/02/2021



Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,);]

3. Thermal decomposition
0.5 g of [Fe(C,0,)(H,0),] in test tube

l Heat with the flame of a burner

l Leave the solid to cool

Flip the tube and leave the solid
l exposed to air

Approach a magnetic bar to the solid

https://www.youtube.com/watch?v=vPnqLSyoEy8

Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,).]

E) IR Spectra of synthetised oxalate complexes

8]

IR spectrum [Fe(C,0,)(H,0),]
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characterisation of
oxalate complexes

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

Additional questions

1. Write and adjust the chemical reactions that take place in steps
A and B. What could be the insoluble intermediate product that
is formed in the synthesis of the Fe(lll} complex.

Synthesis A: [Fe{C,0,){H,0},]

H,0, H*
(NH,),S0,-FeSO,-6H,0 ——> Fe?* +2NH," + 250,>

H,C,0,:2H,0 —— 2H*+(,0,% +2H,0
Fe?* +C,0,2 +2 H,0 — [Fe(C,0,)(H,0),]

Global reaction:

{NH,},S0,-FeSC,-6H,0 (aq) + H,C,0,-2H,0 (aq) — [Fe(C,0,)(H,C},] + (NH,},50, +4 H,O + H,50,




Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

Synthesis B: K,[Fe{C,0,),]

2[Fe(C,0,}{H,0),] + 3K,C,0, H,0 + H,C,0,2H,0 + H,0, == 2K;[Fe(C,0,),]-3H,0+5 H,0

* Ferrous oxalate, FeC,0,, is a finely divided precipitate and tends to be colloidal. However,
heating the solution causes it to coagulate and facilitates separating the precipitate from
the solution. Potassium oxalate is added to the ferrous oxalate precipitate and this
praduces a slightly basic solution for the oxidation of the ferrocus ion to ferric ion by
hydrogen peroxide.

+ Hydrogen peroxide was then added to oxidise the iron to the +3 state.
2[Fe(C,0,}{H,0},] (s} + C,0, % (aq) + H,0, (aq) + 2H*(aq) — Fe,(C,0,); (s} + 6H,0 (I}

+ The temperature is maintained at 40°C to increase the rate of oxidation of the Fe?* to
Fe3*. This, however, was done slowly since the heat liberated from the addition of the
peroxide could be sufficient to decompose the peroxide itself. Thus, the complete
oxidation would not be possible, and the resulting solution would be a mixture of two
complexes.

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

+ After complete oxidation, the excess hydrogen peroxide was removed by additional
heat. Oxalic acid was then introduced to convert the iron(lll} oxalate to trioxalatoferrate
{1} ion.

Fe,{C,0,); (s} +3 H,G,0, (aq) + 6 H,0(1) = 2 [Fe(C,0,)5]° {aq) + 6 H,0" (aq)

+ After being formed, the Fe** complex reacted with potassium ion to form the salt
K;[Fe{C,0,)5].

3 K*(aq) + [Fe(C,0,)]° (aq) - K;[Fe(C,0,);)(s)
+ Note that oxalate ligand in the complex comes from three different sources: iron (I}
oxalate complex [Fe(C,0,}(H,0),]; potassium oxalate salt; and oxalic acid.

* The presence of the pair oxalate/oxalic acid forms a buffer to maintain the optimal pH
range during the reaction. This buffer also prevents precipitation of Fe{OH}s.

02/02/2021
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Oxalate complexes [Fe(C,0,)H,0),] i K;[Fe(C,0,)1

* Potassium oxalate was added producing a slightly basic solution for the oxidation of the
ferrous ion to the ferric ion by hydrogen peroxide.

* The hydroxide ion concentration of the solution is high enough (pH = 4) that some of the
Fe3* reacts with hydroxide to form ferric hydroxide (brown precipitate).

*  With the addition of more oxalic acid, the ferric hydroxide dissolves and the soluble
complex is formed.

o 2.5 g of K,C,0, - H,0
+8 mLH,0
l Add 1.8 2 [F(C,0,)(H,0),] Fe(OH), Brown precipitate
l Heat the mixture @402C while stirring.
l Add 7 mL H,0, (20 vol) while stirring. CI; \ / C‘: \ / (]*,
Heat to boiling.
l eat to boiling O/C\o/ \o/ \O/ \O/C

Add dropwise 7-8 mL H,C,0, (10%) until
i the precipitate redissolves.

Filtrate over pleated filter paper if turbidity Brown preci pitate Fe(C204)3

Discard filter paper

Oxalate complexes [Fe{C,0,)H,0),] i K;[Fe{C,0,)]

2. Justify the different solubility in water of the two synthetised
complexes.

/ K5[Fe(C,0,)5] \ / [Fe(C,0,)(H,0),] \
O . |

Soluble in water.

It is a salt with a cation and an Insoluble in water.
anion complex. It is a neutral compound.

\_ RN J




Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

3. Interpret the measurements in step C.
K;FelC,0,)]

* To experimentally determine the formula of a hydrate salt, the salt was heated on a
stove to very high temperature. High levels of heat drive off the water molecules. The
mass of the hydrate differs from the mass of the anhydrous salt hecause of the mass of
water that was removed during heating.

* We weighed 1.002 g of potassium salt in a watch glass. Total weigh after vigorous
heating was 35.569 g.

* Take the mass of the hydrate and subtract the mass of the anhydrate to obtain the mass
of water. Calculate the moles of water:

m(salt+watch glass)mitalai— m{salt+watch glass)rinat = 35.712 — 35.569 = 0.143 g

1mal

0.143 g x r e 0.0079377 moles H:0

18.01528

* Divide the mass of anhydrate by the molar mass of anhydrate to obtain moles of
anhydrate.

m (anhydrate) = 35.712 - 34.71 = 0.859 g [ 0.859 g X 372'11:;9 = 0.002302 moles

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

¢ Find the water-to-anhydrate mole ratio dividing the moles of water by the moles of
anhydrate:

0.0079377

= 3.4 = 3 water molecules
0.002302

Thus, the molecular formula of the complex is: Ks[Fe{C204}3] - 3H:0

» To make conductivity measurements, we need to prepare 50 mL of a 10M solution of
the Kz[Fe(Cz04)z] + 3H:0:

10-3M x 0,05L x 491,24271 % =0.025g

We weighed the amount and after measuring the conductivity, the value that we
obtained was:

A =429 uS/femaT=25°C.

We can then calculate molar conductivity:

A S/em S/cm 51000 cm? S-cm?
AM:103X —_= / = / = =
M mol/L  mol/1000cm3 cm-mol mol

1L = 1dm?3 = 1000 cm?®
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Oxalate complexes [Fe(C,0,)(H,0)] i K;[Fe(C,0,);]

A —=103% A _ S/em S/cm __ §-1000 cm? _ S-cm?
LA M~ mol/L  moi/1000cm3  cmmol  mol

Ay = 103 x 2221005fem _ oy S e g at. m? - mot-t
M 10 3 mol/L mol e me

A comparison between the measured value and theoretical values from the table, shows a
3:1 electrolyte type, which corresponds to the proposed structure for the complex with one
metal and three ligands.

Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,)]

4., What is the result of the exposure to light of
tris(oxalate)ferrate(lll) anion? Write a chemical reaction that

explains it.

o After exposure to UV light, a precipitate was
obtained. In addition, bubbles appeared in the
solution.

* When exposed to light, the complex reacts
according to the following equation. It is an
intramolecular photochemical redox reaction. Fe(lll)
is reduced to Fe(ll), and oxalate ligand is oxidised to
carbon dioxide.

(le=+Fe3t 2 Felt)x2
€02 2 2C0,4+2e

2Fe374+C,0,2 2 2Fe?*+2C0,

02/02/2021
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Oxalate complexes [Fe(C,0,)(H,0),]1 i K;[Fe(C,0,),1

* Complex Ks[Fe(C20a}s] - 3H20, which is ionic, is soluble in water and undergoes this
reaction:

K,|Fe(C,0,)5]-3H,0 2 3K*(aq) + [Fe(C,0,);]> (ag) + 3H,0
h
2[Fe(C,0,);]~(aq) ——> 2Fe?*(aq) + 5€,0,% (aq) + 12C0,(g)

* Thus, Fe?* reacts with oxalate anion and water to produce an Fe(ll} complex (reaction in
synthesis A). This complex is a neutral compound, so it is not soluble in water and
precipitates:

Fe**+C,0,>+2H,0 2 L[Fe(C,0,)(H,0),](s)

https://aca.scitation.org/doi/10.1063/1.4918803

Oxalate complexes [Fe(C,0,)(H,0),]1 i K [Fe(C,0,);1

+ The second assay also shows the
intramolecular photochemical
redox reaction that takes place
when Ks[Fe(C204)3] is exposed to
light.

* Dissolve a small amount in two test
tubes. Cover one of them with
aluminum foil and keep in
darkness, while the other remains
uncovered and exposed to light.

* Add a drop of a phenanthroline solution to both tubes. The solution in the tube that
was exposed to light becomes red. The solution in the tube kept in darkness intensifies
its yellow colour. In the first tube, Fe(lll} was reduced to Fe (ll} and reacts specifically
with phenanthroline to produce a red complex. This assay is selective for Fe in
oxidation state +2 (positive assay gives red colour}.




Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,),]

5. Write and adjust the chemical reaction corresponding to the
thermal decomposition of the Fe(ll} oxalate. Which are the
decomposition products? What happens to the residue of the
decomposition when in contact with air? Explain this.

When we start to heat, the yellow solid becomes brown, and it becomes darker with
further heating. When we flip the tube, the solid reacts with O, from the air and we
observe sparks. The final solid is attracted to magnets.

Oxalate complexes [Fe(C,0, {H,0),1 i K;Fe(C,0,);]

When heating starts, the process of dehydration takes place, and so the solid becomes
brown as a result of a complete loss of two water molecules (170-230 2C). The process of
thermal decompaosition follows with a redox reaction; Fe(ll} is reduced to Fe(0} and oxalate
anion is oxidized to CO, which maintains an O,-free environment. When Fe(0} reacts with
O,, Fe(ll} oxide and Fe{lll) are formed. Both oxides yield Fe,O, through an exothermic
reaction, so we can observe sparks.

A
[Fe(C,0,)(H,0),] —— FelC,0,),+2 H,0 (g}
Fe(C,0,), L Fe+4C0,g) 1

3Fe +202 _— F6203+ FeQ —> F€304+Q

It is generally agreed that the thermal decomposition process occurs in two steps:
dehydration followed immediately by a redox reaction.
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Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,),]

6. According to the recorded IR spectra, what conclusion can be
drawn about the modes of coordination of the oxalate ligand in the
two iron complexes isolated? Propose possible structures for both
compounds according to the results obtained during the practice.

[Fe(I1)(C,0,),)*

>

Figure 1. Schematic drawing of the infinite chain arrangement present in
M* oxalates of composition M%C 0 »2H O

[Fe(I1)(C,0,);]*

Oxalate complexes [Fe(C,0,)(H,0),]1 i K;[Fe(C,0,);]

IR Spectrum[Fe(C,0,)(H,0),]

a
1 |
B l
.l
: 1
2] A
€ 1 s [oienysa
ﬁ% 13; 58,600 815 "
= \
1 \ f
20, 207 \ |
N 314,340 \ {
ol /
g
<on: 30550
T T T T ]
4000 3500 3000 2500 2000 1500 1000 500

Long. de onda (cm-1)

3311 cm*: Stretching vibration O-H (H,0) .

1620, 1361 i 1314 cm’L: Stretching vibration C-O.

817 cm™: Bending vibration O-C-O and stretching vibration C-C.
486 cm™: Stretching vibration Fe-O.
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Oxalate complexes [Fe(C,0,)(H,0),] i K;[Fe(C,0,),]

IR Spectrum K;Fe(C,0,),]

3580; 86,1
10: 80,047

100

( (3
3}
562 68 88
57 426: 59,502
272, 52072
701: 50,
267 50,568
1385: 46.269 530: 50360
e 741

LML B B o e S e e e s e S OSSN B S e S B S B e B e e e B
0 3500 3000 2500 2000 1500 1000
Long. de onda (cm-1)

so. 9. 0 T @

=)

L
500

1713, 1672 i 1640 cm®: Stretching vibration carbonyl C=0.

1385 cm™: Stretching vibration C-O and stretching vibration C-C.

1272, 1257 i 892 cm: Stretching vibration C-O and bending vibration O-C=0.
791 cm™: Bending O-C=0 and stretching vibration Fe-O.

530 cm™: Stretching vibration Fe-O.

497 cmL: Bending deformation (ring) O-C=0 .
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Oxygen uptake
by a Co(ll)
complex

GROUP A3
PROF- M. TERESR ALBELDA

(XYGEN UPIEKE BY £ COTE) CONPLEX

The aim of this practice is to synthesise the
inactive form of Co(salen) using a modification of
the Bailes and Calvin method. The complex will
be activated forming an adduct with DMSO.
The activated form will be used to determine
the number of moles of O, absorbed per mol
of [Co(salen}]

https://www.youtube.com/watch *v=WcaeG75MhQM




Introduction

UXYGEN UPTEKE BY 1 COXLL) COMPLEX

e Cobalt (ll) forms square planar complexes. Among them the most studied are those that
form Co(ll) with Schiff bases, which are tetradentate ligands with N and O as donor atoms.

* The complex Co(salen) [where salen = N,N-bis(salicylaldehyde)ethylenediimine] reversibly
binds O,, thereby acting as a carrier and mimicking the role of hemoglobin as an oxygen

tra nsporter.
HO
Ho. O ~0
PN
VN N—
< \Feé* \\\
<"
\\\;/ >N
) | S

Ferrous Heme

(XYGEN UPTEKE BY A COLL) COMPLEX

e When Co(salen) was first prepared, it was observed that the red-brown crystals
darkened on exposure to air. However, it was not until five years later that it was
established that the colour change was due to reversible uptake of O,.

* [Co(salen) complex exists in two different solid forms, depending on the synthetic

process followed for its preparation.

/ ‘Inactive’ form \

* Red-dark colour
* Dimeric [Co(salen) units
one unit located one

VR
above other, but N N
y N A
displaced. < /Qo\ >
* Shorter distance o i :
; 2.26A

Co-0 (2.26A between .
the two dimeric units). < %

-9

/ ‘Active’ form \

e Brown color
* Dimeric [Co(salen) units

one unit located PN
directly above other. N AN

* Longer distance /<;:°\
Co-Co (3.45A between o 3?15/&

the two dimeric units. o ! 6
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DXYGEN UPTEKE BY £ COUT) COMPLEX

* With donor solvents in the presence of oxygen, [Co(salen)] is able to form adducts
rapidly. The compound is diamagnetic and contains two atoms of Co(lll) with a peroxo
bridge between the two metal centres.

DXYGEN UPTEKE BY A COTD) COMPLEX

Previous questions

1. Write and adjust the reaction between salicyaldehyde and
ethylenediamine to obtain H,salen.

/=0 ‘N N
2 o
HoN  NHp +2¢ ) OH <\ ) Hob +2H,0
en sal salenH,

Hysalen is a Schiff-base ligand formed by the condensation of two molecules of
salicylaldehyde (sal) with ethylenediamine (en).
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(XYGEN UPTEKE BY f COLTD) COMPLEX

2. Read carefully the experimental procedure and draw the
flowchart diagram for the synthesis of [Co(salen)].

https://www.jove.com/science-education/10430/synthesis-of-an-oxygen-carrying-cobalt-ii-complex

1) Synthesis of H,salen

f\ 1.6 mL salicylaldehyde
= + 25 mL hot 96% ethanol
|

b

Heat and dissolve while stirring
Add 0.5 mL ethylenediamine (dropwise)

Heat and stir during 3 minutes

Cool in an ice bath. Yellow crystals will
appear.

Filter through a Buchner

— e — — ——

XYGEN UPTEKE BY A COKLL) COMPLEX

lFiIter through a Buchner

v v

Filtrate Yellow crystals
lWash with cold ethanol

lAir- dry

Weigh and determine the yield

02/02/2021



(XYGEN UPTEKE BY A COLL) COMPLEX

1.17 g Hysalen
+ 60 mL 96% ethanol

2) Synthesis of [Co(salen)] (\

Flush with N, while stirring 5-10 min.

Connect the condenser and immerse the flask
l in a 70-809C water bath
l Add solution of cobalt acetate (side neck)

(1.09 g of Co(CH,CO,),-4H,0 in 7.5 mL hot H,0)

Reflux for 1 hour. Precipitate becomes dark red.

Cool the solution under N,

Filter through Buchner or filter plate

v v

Filtrate Dark red precipitate

(XYGEN UPTEKE: BY 1 COTD) COMPLEX

l Filter (Buchner or filtering plate)

v ¥

Filtrate Dark red solid
l Wash with water (3 times)

l Wash with ethanol.

andw

Weigh and determine yield
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(RYGEN UPIRKE: BY £ COLTL) COMPLER

3. Write and adjust the reaction for the synthesis of [Co(salen}].
Why is it necessary to bubble N, (gas) during the procedure?

Co(OAC), + H,salen ———> [Co(salen)]+2 HOAc

It is necessary to bubble N, (gas) during the procedure to create an anaerobic atmosphere,
so Co(ll} is not oxidised to Co(lll) and the complex that is obtained is the inactive form.

(XYGEN UPTEKE BY £ COLL) COMPLEX

4. Draw the flowchart diagram for the experimental section #3.

3) Determination of the number of moles of oxygen absorbed per mol of complex.

Bottle with DMSO [\0_100 g [Co(salen)]

Bubble O,
2 minutes

Introduce 5 mLin a
small test tube

—

Introduce carefully the test
tube inside the side arm tube
and adjust the stopper.

Connect the tube to
l the apparatus using a
rubber

02/02/2021



(XYEEN UPIEKE B £ COTE) CONPLEX

Connect the tube to the

apparatus system using a rubber
L 4

Adjust the movable arm to make
the water levels equal on hoth
, sides.

Adjust the movable arm to make
the water levels equal on both
|, sides.

b
l Record the level of water (V,}
Invert the side-arm tube, soc DMSO

will form an adduct with [Co(salen}]
| able to absorb O,

Shake until no changes occur
{ (10-20 minutes)

Adjust the movahle arm to make the
water levels equal on both sides.

v

l Record the level of water (V,}

(XYGEN UPIEKE BY £ COTE) CONPLEX

5. The most frequent stereochemistry for Co{ll) complexes are
octahedral (high spin} and tetrahedral. A remarkable aspect of
cobalt (I} complexes is that square planar complexes are
sometimes formed. Using crystal field theory, draw the energy level
diagram for the geometries mentioned above and determine the
magnetic moment value for each.

The element cobalt is in group 9 of the pericdic table. The oxidation state +2 gives
a d? electron configuration, Co(ll) is a d” ion. To determine the occupancy of
individual d orbitals, we would need to know something about the geometry of
the complex in which the ion is found.
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(XYEEN UPIEKE B £ COTE) CONPLEX

?
@~ I

MO MO, Reduction in MO
Oémhcldr:.a[ Squ.are Planar :DV-J\"!-‘O_ wr:J Tetrahedral
*:' OpEx Elongation of M-0 Complex ARl 405 Complex
’ bond along z-axis
Y
L
(b) < S, ..o} %
CR Xy vz du
- Lo - 10
4 i)
dege dz | op
WS e
Five fold Five fold
degenerate R ; degenerate
d-states ‘_i‘.L d, ‘e Tetrahedral d-states
Octahedral = Crystal Field
Crystal Field Square Planar

Crystal Field

(XYGEN UPIEKE BY £ COTE) CONPLEX

Co(ll) d’

HH# 4 PR

Octahedral Tetrahedral
High spin complex High spin complex
% s 4 3
€ tZE g t2g

f=qn-(n+2)=v15=387 MB f=yn-(n+2)=+15=3.87MB

dxz 2
dz_2 d2 T | ! Square planar

High spin complex

p=yn-(n+2)=vVis

= 3.87 MB
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(XYEEN UPTERE BY £ COLTD) COMPLEX

co{ll) o’

H+ K K- KR /.

QOctahedral Tetrahedral
Low spin complex Low spin complex
6 1 4 3
€5 Tog €'ty

p=qn - (n+2) =v3=173MB p=+n-m+2) =v15=3.87 MB

z_ 2 o
dz_z2 d; e Square planar
- Low spin complex

p=yn-m+2) =43

=173 MB

(XYGEN UPIEKE BY £ COTE) CONPLEX

6. Give a reasoned explanation for the fact that almost all Co(lll)

complexes are octahedral (low spin}. What magnetic moment do

they exhibit?

*  When observing cobalt(lll}, we know that cobalt must lose three electrons. The first two
to go are from the 4s orbital and cobalt becomes:[Ar]4s°3d’. Then, the next electron

leaves the 3d orbital and the configuration becomes: [Ar]4s23dE. Thus, we can see that
there are six electrons that need to be included in crystal field diagrams.

* The normal tendency is for electrons to remain unpaired. Energy sufficient to overcome
the repulsive interaction of two electrons occupying the same orbital is required to
cause pairing. Secondly, in the presence of a crystal field, d orbital electrons will tend
to occupy low-energy orbitals and thus avoid, as much as possible, repulsive
interaction with ligands. If the stability thus gained (A} is large enough to overcome the
loss in stability due to electron pairing, then electrons couple and the result is a low-
spin complex. Whenever the crystal field splitting (A) is insufficient, electrons remain
unpaired and the complex is a high-spin type.

+ The pairing of these electrons depends on the ligand.
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(XYEEN UPTERE BY £ COLTD) COMPLEX

0.0 !

Ay

[CoF,]? [Co(NH,),]*"
high-spin low-spin

Relative crystal field splittings (A,} of the d orbitals in high-spin and low-spin octahedral
cobalt(lll} complexes. The magnitude of the crystal field splitting determines whether d
electrons in a metal ion will pair up.

- With strong field ligands (like ammonia), electrons will adopt a low spin
configuration.
- With weak field ligands (like fluorine}, the result will be a high spin complex.

(XYGEN UPIEKE BY £ COTE) CONPLEX

* The crystal field splitting is also strongly influenced by the oxidation state of the metal
ion and the type of d electrons present. In general, the higher the oxidation state of the
metal ion, the larger will be the crystal field splitting. The complex [Co{NH,}.]** is a
diamagnetic low-spin complex, whereas [Co(NH,).]** is a paramagnetic high-spin
complex.

¢ The crystal field splitting in the cobalt(lll} complex is about twice as great as in the
cobalt{ll} complex; this results in the pairing of electrons. One can attribute the larger A,
for cobalt(lll} to the fact that ligands can approach more closely the slightly smaller and
higher-charged metal ion and hence interact more strongly with its d orbitals.

B
Co{l} d Octahedral

Low spin complexes

e,%,.0
TREREA -
4=0MB
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(XYGEN UPTEKE BY i COTD) COMPLEX

Experimental procedure

1) Synthesis of H,salen

S 1L f\ 1.6 mL salicylaldehyde
€l —_— + 25 mL hot 96% ethanol

m— -

Heat to dissolve while stirring

l Add 0.5 mL ethylenediamine (dropwise)

Heat and stir during 3 minutes
4

Cool in an ice bath. Yellow crystals will
appear.

Filter through a Buchner
v

(XYGEN UPTEKE BY A COTD) COMPLEX

l Filter off through a Buchner

¥ ¥

Filtrate Yellow crystals
lWash with cold ethanol

lAir- dry

Weigh and determine the yield

02/02/2021



(XYGEN UPTRKE B £ COULL) COMPLEX

2) Synthesis of [Co(salen)] (\
1.17 g H,salen
+ 60 mL 96% ethanol
W=/
] (|
( A )

Flush with N, while stirring 5-10 min.

Connect the condenser and immerse
l the flask in a 70-802C water bath __4
Add solution of cobalt acetate (side neck)
{1.09 g of Co(CH,CO,),-4H,0 in 7.5 mL hot H,0)

Reflux for 1 hour. Precipitate becomes dark red.

Cool the solution under N,

Filter through Buchner or filter plate

v

Filtrate Dark red precipitate

(XYGEN UPTRKE BY A COUTL) COMPLEX

l Filter (Buchner or filtering plate)

v v

Filtrate Dark red solid
l Wash with water (3 times)

lWash with ethanol.

lNFdw

Weigh and determine the yield
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(XYGEN UPTRKE B £ COUTL) CONPLEX

3) Determination of the number of moles of oxygen absorbed per mol of complex.

Bottle with DMSO ‘[-\0.100 g [Co(salen]]

Bubble O,
2 minutes

Introduce 5mLin a
small test tube

Introduce carefully the test
tube inside the side arm tube
and adjust the stopper.

. <

Connect the tube to
l the apparatus using a

rubber

(RYGEN UPTEKE: BY ) COLTL) COMPLER

Connect the tube to the
apparatus system using a rubber

Adjust the movable arm to make
the water levels equal on both
sides.

Adjust the movable arm to make
the water levels equal on both
sides.

l Record the level of water (V)

Invert the side-arm tube, so DMSO
will form an adduct with [Co(salen)]
able to absorb O,

Shake until no changes occur
(10-20 minutes)

Adjust the movable arm to make the
water levels equal on both sides.

l Record the level of water (V,)
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https://www.jove.com/science-education/10430/synthesis-of-an-oxygen-carrying-cobalt-ii-complex




Oxygen uptake
by a Co(ll)
complex

GROUP A3
PROF- M. TERESR ALBELDA

(XYGEN UPIEKE BY £ COTE) CONPLEX

Additional questions
1. Calculate the percent yield obtained in the process of synthesis
of H,salen. Data: density of salicylaldehyde = 1.164 g/mL; density
of ethylendiamine = 0.895 g/mL.

m

Salicylaldehyde —=f» P =17 = 1.164 m=1.164 x 1.6=1.8624 g

186208 x —%L _ 001525 moles salicylaldehyd
’ g 122125~ moles salicylaldehyde
m
Ethylenediam[ne -@ P = V = (.895 m=0.895 x 0.5 =0.4475 g
1 mol
0.4475g X 20g = 0.007458 moles ethylenediamine

+ Locking at the stoichiometry, 1 mol of ethylenediamine reacts with 2 moles of
salicylaldehyde. 0.0075 moles ethylenediamine require 0.015 moles of
salicylaldehyde, which after calculation, is a small excess. Thus, ethylenediamine is the

limitant reagent.
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(XYGEN UPTEKE BY  COLTE) COMPLEX

. p—
o —N N
*WN N, _po
2 OH 2 2 —HO OH HO

1 mol Hysalen 26831¢g

0.007458 moles ethylenediamine X = 2.0011g Hysalen

1 mol ethylenediamine 1 mol Hysalen

mass exp. 1.53g

(%) Yield = 100 =

X 100 = 76%

mass theor. 2.011g

(XYGEN UPTEKE BY  COLTE) COMPLEX

2. Calculate the percent yield obtained in the synthesis of
[Co(salen)].

Co(OAC),+ H,salen ——— [Co(salen)]+2 HOAc

Calculating the limitant reagent:

1 mol Hysalen

—=t% 117 g H,salen X
H,salen — 8z 268314

= 0.0044 moles H,salen

1 mol Co(0Ac);
24893 g

Cobalt (1) Acetate === 1.09 g Co(0Ac), - 4H,0 x = 0.0044 moles Co(0Ac),

So, we can say both reagents are in a stoichiometric ratio
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(XYGEN UPTEKE B £ COUTT) CONPLEX

. 1 mol [Co(salen)] 32524 g -
0.0044 mol Co(0OAc), -4H,0 % Trmicetoac), 41,0 L e 1.431 g [Co(salen)]

. _ mdss exp. 127y o 7
{%) Yield = ———-——-x 100 = eatg > 100 = 88.8 % = 8%

OXYGEN UPIRKE B £ COUTE) CONPLEX

3. Determine the number moles of oxygen absorbed by
[Co(salen)] in the presence of DMSO. What is the ratio Co:0,?

+
&
=
=
=
=
=
5

2[Co(salen)] + 2 DMSO + 0, ——> [Co(salen)(DMS0)],0,

»'
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V,=7.0mL
V,=32mL

Vo, =Vy-V,=7.0-3.2=3.8mL

https://www. jove.com/science-education/10430/synthesis-of-an-oxygen-carrying-cobalt-ii-complex
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* Firstly, we calculate the number of O, moles that are absorbed:

1atmx3.8-1073L 38-10*3 ol

PV=nRT —=p 1= = 0.000158 mol 0,
0.082 atim - Ll x 294k 24108

* We can then calculate the moles of [Co(salen}]:

0.1 g [Co(salen)] x %2(4:‘1“)] 0.000308 mol [Co(salen)]

* Finally, we calculate the ratio Co:0,:

nee 0.000308

L= = 1.95~2
n,, 0.000158

(XYGEN UPIEKE BY £ COTE) CONPLEX

-----------------------------------------------------------------------------------------------
ooooo
*

~N_ . N—
o >ﬁ
Q \—/O 00_’\\ &N 2 O_<\\ />
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' 2:1 structure 1:1 structure

+
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----------------------------------------------------------------------------------------------
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(XYGEN UPTRKE BY A COTE) COMPLEX

4. According to the results in the previous question, write down
the chemical reaction for obtaining the adduct between
[Co(salen)], DMSO, and oxygen. Draw a structure for the
oxygenated product and describe it. What is the oxidation state
of cobalt and oxygen in this adduct?

--------------------------------------------------------------------------------------------------

L3 d
-------------------------------------------------------------------------------------------------

’/f B
B Q N
e =N N /
— /Qo\o’u Oz JII ) 0 IL\ \S—
— DMSO (NS o N Y
. , ~—— T
B b — ;\j -0, S// w\l/ \O dN
@,’EN/ == \ | IJ
| S——
A\
(\_ \/)

OXYBEN UPTEKE BY A COLD) COMPLEX

Structure of [Co(salen){dmf)],0,
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(XYGEN UPTERE BY 1 COLD) COMPLEX

[Co(salen)], salcomine, is both a Lewis acid and a reductant.

Coordination of O, may be considered as oxidative-addition processes. Oxidative
addition is a process that increases both the oxidation state and the coordination
number of a metal centre.

We consider that the following reaction takes place:

(Co?t 2 Co’+le +)x2
0,426~ 2 0,2

200240, 2 200%" 10,7

The adduct formed between [Co(salen)], DMSO and oxygen exhibits two cobalt atoms in
an oxidation state +3 and each one of the oxygen atoms in the bridge molecule is a
peroxide oxygen with oxidation state -1.

(XYGEN UPTEKE BY 1 COLD) COMPLEX

0
AF ’07\
— \”\_,\-f} < 1]
\\tq,_%f_}»‘} \’ir,“f”
-y J—' ey
e . —
e i A e e
g A
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SYNTHESLS AND PURTEICATION OF ACETYLFERROCENE. SYNTHESIS OF FERROCENTUM ION.

( The aim of this practice is to synthesise the acetylferrocene )
using a catalyst. Since this reaction is not complete, the crude
of the reaction has to be purified by means of column
chromatography. The oxidation of ferrocene yields the

ferrocenium cation.
\_ J

Dpjectives:

1. Acetylation reaction between ferrocene and acetic anhydride.

2. Follow the progress of a reaction using TLC.

3. Purification of acetylferrocene by means of column
chromatography.

4. Oxidation reaction of ferrocene.
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SYNTHESIS AND PURTFICATION OF ACETYLFERROCENE. SYNTHESIS OF FERROCENTUM 10N
ntroduction

The structure of the organometallic compound ferrocene is composed of two planar five-
membered ring sandwichs with an iron atom between them. Each ring in ferrocene has six
delocalised pi electrons and a formal —1 charge; the iron atom has a formal +2 charge. With
a planar structure and six delocalised pi electrons in each ring, ferrocene is aromatic and
has many properties similar to benzene and its derivatives.

& &

Staggered conformation (most
stable) and eclipsed conformer.

SYNTHESLS D PURTFICATION OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM TON

| + | -H |
Fe + p,c—Cc=0 —> Fe Fe
i é
S @
CH;,
0 0]
acetylferrocene
+
H,C—C=0
JL )k — Jk )\ —
H,C il)
acetic anhydride HC—C—0H

Ferrocene does not undergo addition reactions typical of cyclopentadiene, but undergoes
electrophilic aromatic substitution. The Friedel-Crafts acylation reaction of ferrocene
involves the addition of the acylium cation to one of the carbon atoms on the ring, followed
by loss of a proton (to solvent). The acylium cation is produced from acetic anhydride,
which also serves as a solvent for this reaction.
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SYNTHESIS AND PURTFICATION OF RCETYLFERROCENE. SYNTHESLS OF FERROCENIUM 10N

e —d

-e
. —

Fe ~_—— Fe

: te :

Ferrocene Ferrocenium

Yellow orange colour Blue-purple colour
d®, Fe2*, 18e- d>, Fe3*, 17e-
Could be functionalised  Could be isclated as a salt
with non-oxidant BF,, PFs

electrophiles. Could react with nucleophiles.
Diamagnetic Paramagnetic

SYNTHESIS D PURTF ICTI0N OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM 10N

Ferrocene .
Ferrocenium
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SYNTHESTS AND PURIFICATION OF ACETYLFERROCENE. SYNTHESIS OF FERROCENTUM ION
Experimentol Proceaure

Synthesis of acetylferrocene ['\ DASgofferracans 4 :
5_ 5_ ) v
Fe(n®CHs)(n°-C;H,COCH; )] 'l +9mL acetic anhydride

(In hood) \ N

+ 6 drops of phosphoric acid

Follow the progression of the
reaction by TLC
(hexanes:ethyl acetate 10:1)
at 0, 25, and 45 minutes

Heat 45 min in water bath
at 60-702C (use temp-probe)

Pour the mixture onto 20 g of ice

Neutralise with 6M NaOH (aprox 15 mL)
and NaHCO,

Extract 3 times with 5 mL cloroform (each)
https://www.youtube.com/watch?v=EFiFPoOzqtk

i\

— — — — —— «—— [T

Evaporate to dryness

https://www.youtube.com/watch?v=iks IxQSqog

SINTHESLS AND PURIFICATION OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM ION

Step 1 Step 2 Step 3
"Plate"
Beaker \
[ J
[ J
®-Sample|| @ =Component "A" @ = Component "A"
Solvent spo% @® = Component "B" @® = Component "B"
""""" Ferrocene
o Acetylferrocene

Diacetylferrocene

H
— + @
H

0 25 45
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SYNTHESLS AND PURIFICATION OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM ION

Purification of acetylferrocene
(In hood)

* Purification of the crude product obtained
previously will be carried out by means of column
chromatography using silicagel and hexanes: ethyl
acetate 10:1 as eluent.

* A column is prepared by packing a solid absorbent
into a cylindrical glass tube. There are two different
ways to pack process chromatography columns: dry
packing and slurry packing
https://www.youtube.com/watch?v=IXnOMfp gl

*  We will use a Pasteur pipette to load the sample on
the chromatography column:
https://www.youtube.com/watch?v=LVOkvLPp1gA

* Ferrocene (fraction 1) is eluted first with hexanes
and is visible as a yellow band. Acetylferrocene is
eluted next (fraction 2) and is visible as an orange
band.

* Evaporate the solvents from the fractions,
determine the weights and calculate yield.

SYNTHESIS AND PURTF ICATION OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM ION

Elution of ferrocene https://www.youtube.com/watch?v=IENVkIIBIW4

Elution of acetylferrocene
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SYNTHESLS AND PURIFICATION OF ACETYLFERROCENE. SYNTHESES OF FERROCENTUM ION

l Filter (Buchner or plate}

Filter Blue-purple needles
Wash with chilly water
Air dry
2 -
- Cal

SYNTHESLS FND PURIFICATION OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM LON

IR spectrum of ferrocene W

IR spectrum of acetylferrocene
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SYNTHESLS AND PURIFICATION OF ACETYLFERROCENE. SYNTHESLS OF FERROCENTUM 0N

IR spectrum of hexafluorphosphate of ferrocenium
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PREPARACIO !PURIFICACI() D’ACETILFERROCE.
SINTESI DEL FERRICINI

Qiestions addicionale

1. Escriviu l'equacié de la reaccié de l'acetilferroce

3 2
L2 L L2
I COCH;, COCH;,
Fe

I
Fe

= | (CH,C0),0
& +
H;PO,/heat
Jamt < Hscoc/@b
Ferrocene Acetylferrocene 1,1'-Diacetylferrocene

En aquesta reaccid, el ferroce reacciona amb I'anhidrid acetic i usa acid fosforic com a
catalitzador. El producte obtingut funcionalitza un dels anells del ferrocé amb un grup
acetil, pero també pot obtenir-se el producte diacetilat, és a dir, el producte que conté

das grups acetil, un en cadascun dels anells.
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PREPARACIO [PURIFICACIO D’ACETILFERROCE.
SINTESI DEL FERRICINI

| + | - |
Fe + H,c—C=0 —> Fe o —_— Fe
&> & B>
CH;
o (6}
+
H -
0 O o Jo BC=C=0 0 +
. . | X’ <l
AN A — L
HCT Y07 SaH HCT [0 0 ] |
! R R
acetic anhydride H;C—C—OH

Aquesta reaccid és una reaccio de Friedel i Crafts. Es tracta de reaccions de substitucid
electrofilica aromatica en les quals en un compost aromatic un dels atoms d’hidrogen és
substituit per un grup alquil o acil. L'id acil es forma mitjangant la reaccié de I'anhidrid
acetic amb I'acid fosforic.

PREPARACIO | PURIFICACIO D’ACETILFERROCE.
SINTESI DEL FERRICINI

| cati » v
o ;cy AN el 1. El primer pas de la reaccié és la
[o] .z s p 3.
)J\ )| CH formacié de [lelectrofil. Lacid
o o5 on * ® fosforic  protona  l'oxigen de
A e N
)J\gj]\ ﬁ — = I'anhidrid acétic i dona lloc a una
CO/P\?)SH ﬁ " espécie molt més reactiva (I'ié acil)
g I - J i acid acétic.
OH €

2. D’altra banda, el ferrocé conté dos
anells aromatics molt estables. No
obstant aix0, quan [lescalfem,

o 5 I'anell superior pot desplagar-se i

o fer que els electrons estiguen més
)I\OH )Hg@ 4 Q > localitzats i la molécula de ferroce
ﬁ + - actue com a nucleofil. El ferrocé

N
H
o]
it I Fe : P
_R_ v P reacciona amb I'ié acil i forma un
NoH o . -
OH intermediari.

3. Ldltim pas de la reaccié consisteix en el restabliment de I'aromaticitat i la recuperacié del
catalitzador. La reaccié es troba desplacada cap a la formacié de producte a causa de l'alta
estabilitat que aporta I'aromaticitat.

4, Hi afegim NaOH al final de la reaccié per tal de convertir I'excés d’anhidrid acetic i I'acid

acetic produit estequiométricament durant el procés en acetat de sodi. També per a
neutralitzar I'acid fosforic que hem fet servir de catalitzador.

HO'
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PREPARACIO | PURIFICACIO D’ACETILFERROCE.

SINTESI DEL FERRICINI

2. Quin és el paper que té el catalitzador? Proposeu una equacio

que ho mostre.

El paper del catalitzador sempre consisteix a augmentar la velocitat de reaccié perqué
disminueix I'energia d’activacio.

1. En aquest cas, el paper del catalitzador

transition state

Energy

78\

reactants

Activation Energy
With Catalyst

Present

N

consisteix a protonar I'anhidrid aceétic per a

KEY generar I'i6 acil, I'electrofil de la reaccid.

No catalyst .. " , \ o o
2. Ui6 acil és un electrofil feble, ja que
Catalyst

‘ I'estructura ressonant amb la carrega
sation Eneray positiva sobre lI'atom de carboni és la

minoritaria. Per la qual cosa, sols
reaccionara amb sistemes aromatics que
presenten una elevada densitat electronica.
Rarament s’observa diacilacié en el mateix

products
anell.

Reaction
Coordinate

3. D'altra banda, lacid fosforic restableix
'aromaticitat del producte final
desprotonant l'anell de ferrocé.

PREPARACIO | PURIFICACIO D’ACETILFERROCE.

SINTESI DEL FERRICINI

o
O=—=0

Aquesta seria I'equacié general per a una acilacié de Friedel i Crafts en qué s'empra com a
catalitzador un acid de Lewis (AICl,). Perque la reaccié tinga lloc, cal que I'anell aromatic siga
molt ric en electrons i no posseisca grups electroatraients. En el cas del ferroce, com que els
dos anells de tipus ciclopentadienil presenten una gran densitat electronica, aquest
metal-locé és molt reactiu amb agents electrofilics, molt més encara que el mateix benzé, i
aix0 indica que té els electrons molt més disponibles. Per tant, mentre que l'acilacié de
Friedel i Crafts del benzé ocorre mitjangant I'is de AICl; com a catalitzador, el ferrocé pot
ser acilat amb anhidrid acétic usant acid fosforic com a catalitzador en condicions més

suaus.

(-

Ferrocene

MW. 18604 gmol ~ M.W. 102.09 g/mol
mp. 174-176°

Fe Is) + CH;COOH

Acetylferrocene
M.W. 22807 g/mol
mp. 81-83°

Acetic anhydride

density 1082 g/mL
bp. 138-140°
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A name could not be generated for this structure.
Formation of electrophile

O:

. e W

- o M
0: (o/ ®
s . —_ ————0
Ho—P—GH — | -
/U\)k | S acylium
o 3

:OH

acetic anhydride phosphoric acid /‘k
OH

Acylation

sigma
complex
formation

Fe Fe

acetyl ferrocene

ferrocene

A name could not be generated for this structure

PREPARACIO ] PURIFICACIO D’ACETILFERROCE.
SINTESI DEL FERRICINI

3. Quin compost s’elueix primer, [Fe(n®-C.H.)(n>-C;H,COCH,)] o
[Fe(n®-C.H;),]? Per qué?

El compost que s’elueix en primer lloc és el menys polar de tots dos, és a dir, el ferroce,
[Fe(n5-C.H;),]. La funcionalitzacié d’un dels anells amb un grup acetil serveix per a
augmentar la polaritat de l'acetilferroceé, ja que aquest posseeix un grup carbonil que
guedara més retingut amb la fase estacionaria que també és polar.

@ ferrocene
N A ) . ey 4 acetylferrocene
Nt acetic anhydride st 4
Té — G (€]
md ‘mt
Jis \

LI H,PO, S,
— =\

ferrocene acetylferrocene
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4. Com es pot establir la situacio dels compostos eluits en una placa
cromatografica si son incolors? Quins métodes es poden aplicar per

a detectar l'eluci6 de compostos incolors d’una columna
cromatografica?

En el cas de la separacid del ferrocé i acetilferroce, la situacid dels compostos, tant en la
placa cromatografica com en la columna, es pot diferenciar gracies a la distinta coloracio
que té cadascun. El ferrocé té color groc i I'acetilferrocé color taronja.

No obstant aixd, podem diferenciar la situacié dels compostos en les plaques
cromatografiques o columnes encara que no presenten coloracio.

Alguns d'ells poden visualitzar-se amb la llum ultraviolada (la majoria de compostos
aromatics) o bé es poden emprar agents reveladors.

=

PREPARACIO | PURIFICACIO D’ACETILFERROCE.
SINTESI DEL FERRICINI

Llum ultraviolada lodur p-anisaldehid Vainil-lina
Aromatics i Reacciona Aldehids, Aldehids,
sistemes conjugats amb aromatics cetones i alcohols  cetones i alcohols

I.
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Permanganat Acid fosfomolibdic Clorur de ferro(lll) Verd de bromocresol
Alquens, alquins Alcohols, fenols, Fenols Compostos acids

i grups que poden alquens i compostos

oxidar-se (aldehids i carbonilics

alcohols)

PREPARACIO ] PURIFICACIO D’ACETILFERROCE.
SINTESI DEL FERRICINI
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5. Escriviu I'equacio de la reaccié d’obtencio del ferricini.

ISLLERLLLERLEERLLERLRRELLERLRRELLERLIRNRLLERIRELLLENLREELLERIRNLLLERLRRT N

.. ‘-
. E® = 0,445V H
P =" =077y 5
E Fe te — F:e Fe¥*+ e «&——= Fel* E
. - Yy E
L) L
*,

-

] *

Fed*+e« ——= Fe?*

[Fe(n>-C.H.),] =— [Fe(n*-C;H;),]* +e

Fe3* + [Fe(n®-C;Hs),] =—— Fe? + [Fe(n>-C.H,),]*

E*=E, —E, ,=0,77-0,445= 0,325V

PREPARACIO | PURIFICACIO D’ACETILFERROCE.
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6. Calculeu-ne la constant d’equilibri. Es produira quantitativament?

a Ox,+ b Red, «<—= a' Red, +b’ Ox,

AG=AGY +RT InQ AG < 0 procés espontani
Red ] [Ox,]* RT
Q= [Red, | [Ox,] E=EY- — InQ | Equacié de Nernst
[Ox,]? [Red, ]’ vF
0 n EY
Enl'equilibri, E=0iQ=K,, = In Keq: > logK= m

K=10> <107 - No és quantitativa
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7. Com és la configuracio electronica dels dos complexos?

L=
- Fe
Fe < L ="
atomic SALC's
=
orbitals —— =
f €lu
e e |
7»14 y-(.— 71-i -
1 P
Pz Py 2 o
m I Tau+ 1

PREPARACIO [PURIFICACI(D D'ACETILFERROCE.
SINTESI DEL FERRICINI

Ferroce = geometria planoquadrada de baix espin

Fe2, db

Diamagneétic

Ferricini - Geometria planoquadrada de baix espin
Fe3*, d® - d

Paramagnetic, 1e  desaparellat
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ntormacid oodicionol -~ -

Espectre IR del ferroce

(

fﬁ\/jﬁ /_ﬂwmu,\ [f\'\\ 148 f\r

TmEHCTTICE

3.000 cm™: vibracié de tensié (stretching) C-H

1.500 cmL: vibracié de tensié C=C

1.120 cm't: Moviment d’asimetria dels anells

1.005 cm™: vibracié de flexié (bending) C-H (en el pla}
1.061 cmL: vibracié simétrica de tensié N-O

475 cmL: vibraci6 de tensio Fe-C

811 cm™: vibracio de flexié C-H (fora del pla)

PREPARACIO | PURIFICACIO D’ACETILFERROCE.
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Espectre IR de 'acetilferroce

3.100 cm™: vibracié de tensié C-H
1.660 cm™L: vibracié de tensié C=0
1.457 i 1.378 cm™': moviment de rotacié -CH,
1.102 cm'k: moviment d’asimetria dels anells
822 cm®: vibracio de flexié C-H (fora del pla)

500 cm™: vibracié de tensié Fe-C
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Espectre IR de I'hexafluorofosfat de ferricini
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3.123 cm™: vibracid de tensio C-H

1.421 cm: vibracié de tensio C=C

806 cm™: vibracio de flexié C-H (fora del pla)
556 cm: vibracio de tensié Fe-C

422 cm™?: vibracid de tensid P-F




Preparation and resolution
of [Co(en),*] enantiomers

Group A3
Prof: M. Teresa Albelda

Preparation and resolution of [Co(en),*] enantiomers

Additional Questions

1. Write and adjust all the reactions that take place in this
synthesis.

Synthesis A: [Co{en),]Cl,
CoCl,6H,0 + H,0 —— [Co(H,0),]** +2C + H,0
[Co(H,0).]°* + 3 H,NCH,CH,NH, — [Co(en};]** + & H,0
2[Cofen);]** +H,0, + 2H* ——> 2[Co(en),]>* +2 H,O
- (+) [Cofen);]Cl,
T () [Cofen),]dl,

[Colen},** +3 CIF —— £ [Colen),]Cl,
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Preparation and resolution of [Co(en),*] enantiomers

Synthesis B.2: [(+)Co{en),][{+}tart]CI-5H,0
* [Co(en},]Cl, + [(+}tart]: ——5 % [(+) Co(en),][{+)tart]* + % [(-} Cofen},][(+)tart]* + 3CI-

[(+} Colen),J[(+)tart]* + CI + 5H,0 ———'5  [(+) Cofen),][{+}tart]CI-5H,0 (s)

Synthesis B.4: [{+)Co{en)s]l;H,0
[(+} Colen)s][(+)tart]CHSH,O () ——=—> [(+} Cofen)s]* + [(+)tart]? + CI-+ 5H,0
[(+) Cofen), T +3 1+ H,0 ——> [(+) Cofen),]I,H,0 (s}
Synthesis B.4: [{-JCo(en), ]I, H,0

NaOH
[(-) Colen),][(+)tart]” (aq) + 31 + H,0 ——> [{-) Co(en}y]l;-H,0 (s}

Synthesis B.5: Racemization of [{+)Co{en),]l,-H,0 or [{-)Co{en)},]I;-H,O

[(') Co(en)a]la'HZO (S) £ HZO £ Cactivated T [(i) Co(en)a]la'Hzo (S) e HZO + Cactivated +I

Preparation and resolution of [Co(en),*] enantiomers

2. Determine the yield of all isolated products. Comment on the
results obtained.

Synthesis A: [Co{en),]Cl,

1 mol CoCl,-6H,0 1 mol [Co{en);]Cl, 3455¢g
9.05 g CoCl,6H,0 x X X T =
238¢g 1 mol CoCl,-6H,0 1 mol [Cof{en);]Cl,

=13.13g is the mass of [Co(en},;]Cl, that can be obtained with a 100% yield.

If you obtained, for example 11.49 g, the yield of that reaction is:

11.49
Yield=—— x 100 =87.5%
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Preparation and resolution of [Co(en),*] enantiomers

Synthesis B.2: [(+)Co{en),][{+)tart]CI-5H,0

1 mol [Cofen);]Cl; 1 maol [{(+)Colen),][{+}tart] 5145¢g
7.2 g [Cofen);]Cl; x X X =
3455¢g 2 mol [Co(en};]Cl, 1 mol [{(+}Colen},][(+)tart]

=5.36 g is the mass of [(+)Co{en),][(+}tart]Cl-5H,0 that can be obtained with a 100% vield.

If you obtained, for example 3.0 g, the yield of that reaction is:

30g
Yield=———x 100=56 %
5.36g

Preparation and resolution of [Co(en),*] enantiomers

Synthesis B.4: [{+)Co{en),]I,-H,0

1 mol [(+}Cofen),l[{+}tart] 1 mol [(+}Co(en};]l,-H,C
X
514.5¢ 1 mal [(+)Cofen},][{+}tart]

2.0 g [(+)Colen)][(+}tart]CI-5H,0 x

638 g
X
1 mal [{+}Co(en),]l;H,0

= 2.48 g is the mass of [{+}Co(en);]l;'H,0 that can be obtained
with a 100% vield.

If you obtained, for example 2.3 g, the yield of that reaction is:

23g
Yield=— x100=92.7%
2.48¢g
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Preparation and resolution of [Co(en),*] enantiomers

Synthesis B.4: [{-)Co{en),]l;-H,0

1 mol [Cofen);]1Cl; 1 mol [{-})Co(en) ][(+}tart] 1 mol [(-}Co(en},]I,
X X
3455¢g 2 mol [Co(en};]Cl, 1 mol [{-}Cof{en};][({+}tart]

7.2 g [Cofen);]Cl; x

638
g = 6.64 g is the mass of [{-)Co(en},][{+}art]Cl-5H,0 that can be

1 mol [(-}Cofen},]l; obtained with a 100% vield.

If you obtained, for example 3.5 g, the vield of that reaction is:

35g
Yield=——x100=52.7%
6.

bdg

Preparation and resolution of [Co(en),*] enantiomers

3. In the purification of both (+) and (-} [Co(en);]l;-H,0, the
compounds were washed with water containing Nal. What is the
purpose of the Nal?

+ Addition of Nal prevents the dissolution of the solid.

+ Precipitation is favoured due to the common ion effect.

Adding a common ion decreases solubility, as the reaction shifts toward the left to relieve
the stress of the excess product. Adding a common ion to a dissociation reaction causes
the equilibrium to shift left, toward the reactants, causing precipitation.

https://study.com/academy/lesson/the-common-ion-effect-and-selective-
precipitation.html

[(+} Co(en)k]l;H,O (s) —> [(+) Colen)sP** + I
Nal

+ Removes tartrate anion forming the salt, sodium tartrate, which is soluble in water.
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Preparation and resolution of [Co(en),*] enantiomers

4. If [a], of pure [(+)Co(en);]I;+-H,0 is +892, what percentage of
this enantiomer is present in the sample? Assume that the only
impurity is [(-}Co(en);]l;H,0. Do the same for the other
enantiomer. Use that data to recalculate the yields obtained for
each synthesised enantiomer.

[{+)Co{en},]l,-H,O

a) The first step is to calculate the magnitude of the rotation, specific rotation, from the
data obtained with the polarimeter:

Path length: 1dm Velume: 25 mL

m {g): 0.34¢g Temperature: 21.89C

O, measurements 1.126 1.140 1.130
o {average) 1.132

Preparation and resolution of [Co(en),*] enantiomers

v @ _ 1132 1132
al; = —= 5= = 83.23¢
[e]3 lc 1.% 0.0136

Correction of temperature using the following equation:

[]%° = [«]} - [1 + 0.0001 (T — 20) =
83.23 -[1 + 0.0001 (21.8 — 20)] =
83.23 - 1.00018 = 83.24¢

b) The second step is to calculate the percent optical purity (X} of the complex:

]y measured 83.24¢
= 0= o= 935%

" al, standard e

X
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Preparation and resolution of [Co(en),*] enantiomers

c} Third step is to calculate the percentage of enantiomer:

) (100 —x) (100 —93.5)
% enantiomer=x + —————=9354 ———~

=9354+3.25=9689
5 5 + %

d} The last step is to recalculate the yield of the reaction:

The calculated yield for the synthesis of [(+}Co(en},]l;-H,O was 92.7% assuming 100% of
enantiomer purity. With a 96.8% of enantiomer purity, the vield of the reaction is:

Yield = 92.7 96'8—8970/
e = i 'm— 2 (1]

Preparation and resolution of [Co(en),*] enantiomers

[{-)Co{en},]l;'H.,O

Path length: 1dm Volume: 25 mL
m {g): 031g Temperature: 220C
o {average) -0.518
a -0.518
a) [Qf]g = E: 1.0?= —41.77¢

25
[a)?® = [«]} - [1 + 0.0001 (T —20) =
—41.77 - [1 + 0.0001 (22 — 20)] = —41.8¢

b) [a]; measured 1 —41.8¢ —
= X = i—
[a]l; standard —89e 0
_ (100 — 47)
c) % enantiomer =47 + — = 474+ 265=735%
73.5
d) Yield =52.7- — =38.7%

100
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Preparation and resolution of [Co(en),*] enantiomers

[{+)Co(en);][{+)tart]CI-5H,0

Path length: 1dm Volume: 25 mL
m {g): 0.17g Temperature: 21.8°C
o {average) 0.601
a 0.601
a) [ac]; = EZ E= 88.42

25
[a]2° = [a]] - [1 + 0.0001 (T — 20) =
88.4 - [1+ 0.0001 (21.8 — 20)] = 88.42¢

[z], measured 88.42¢
b) X=—=—  x100= = 86.7%
[al, standard 102¢
) (100 — 86.7)
c) % enantiomer = 86.7 + = 86.7 + 6.65 = 93.35 %
d) Yield = 56 93'35—5230/
e = 100 = 5 (1]

Preparation and resolution of [Co(en),*] enantiomers

Racemic mixture

Path length: 1dm Volume: 25 mL
m {g): 0.22g Temperature: 23°C
o {average) 0.078
a 0.078
E) [Qf]; = E: 1-0@: 8.862

25
[a)3® = [«]} - [1 + 0.0001 (T —20) =
8.86 - [1 + 0.0001 (23 — 20)] = 8.862

b) [a]; measured 100 8.86¢ 9.96 %
o . 3 = =
[aly standard goe ?
_ (100 — 9.96)
] % enantiomer = 9.96 + —————=9.96 + 45.02 = 5198 %

d) We have obtained maore percentage {55%) of the positive enantiomer in the racemic
mixture. This is the reason we did not cbtain [x], = 0.
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Preparation and resolution of [Co(en),*] enantiomers

Additional Calculations

(+) tartaric acid

‘ Path length: ‘ 1dm Volume: 25 mL

m (g): 5.035g Temperature: 20.6°C
‘ a measurements ‘ 2.561 2.560 2.564
‘ o (average) 2.562 [a]®% +12.4

2.562
[} = £ = o = 12.73°

lc
25

[a]3° = [al} - [1+ 0.0001 (T — 20) =
12.73 - [1 + 0.0001 (20.6 — 20)] = 12.73°
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SYNTHESTS AN STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (IT1) COMPLEXES

( The aim of this practice is to synthesise and )
study (using IR) the following mononuclear
complexes of cobalt (I} [Co{NH,):CI]Cl,,
[Co(NH,)(]Cl;, [Co(ONO)(NH,):]Cl, and
\_ [Co(NO,)}(NH,):]Cl,. )

Opjectives:

1. To explore the reactivity of Co(lll} complexes vs Co(ll}
complexes.

2. To investigate nitro- and nitrito- linkage isomerism in
pentaamminecobalt(lll)




SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (II1) COMPLEXES

Prelmmnary ouestions:

1. Why does the general method for the synthesis of a Co(lll}
complex generally begin from Co(ll} salts?

Because coordination compounds of Co(lll} undergo ligand exchange very
slowly compared with complexes of many other transition metal ions. This is
why Co(lll} complexes are considered inert, and therefore kinetically stable
compounds. For example,

3+ + T ;i 13+ +
[CO(NH;){;]UW) } 6H30(m1) — [CO(Hzo)GJ“”” + 6NH4U”I)
has an equilibrium constant of 10%. The large equilibrium constant suggests
that the complex ion [Co{NH;}.]** is thermodynamically unstable. This reaction
is highly thermodynamically favoured, yet the inert [Co{NH,)]3 complex ion
lasts for weeks in acidic solutions because the rate of reaction is very slow.

SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

On the contrary,

[CO(NHJ)U](L:(T) == GHgoi;q) —% [CO(H;O)ﬁ]f:q] + ﬁNHﬂuq)
This reaction is virtually complete in a few seconds. The [Co(NH,)]*" complex
is thermodynamically unstable and labile. The inert complex has Co(lll} while
the labile one has Co(ll). Both ammine complexes are octahedral, and in the
case of Co(lll), a d® species, the t,g levels are filled. Co(ll), on the other hand,

has partially filled =, orhitals.

Cofll) & —T— —T— e, + — &
R

High spin complexes Low spin complexes

_— — g Crystal field stabilisation energy is highest for low-
spin d® complexes, which accounts in part for the
—H_ % T extraordinarily large number of Co{lll) complexes
known. These highly stabilised low spin Co(lll)

Low spin complexes complexes are considered inert.

Co{lll) d®

02/02/2021



SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (II1) COMPLEXES

2. Is it possible to oxidise Co?* (aq} with hydrogen peroxide?

If we take into consideration the standard potential of both couples:

E0 (Co3*/Co?*) = 1.82V

E® (H,0,/H,0) = 1.77V

Hydrogen peroxide cannot oxidise Co?* to Co3*. But, in our case we are considering
the oxidation of Co(ll) amminacomplexes. When hydrogen peroxide is added to an
alkaline cobalt(ll} solution, oxidation occurs to give cobalt{lll) complexes. The air
oxidation in an alkaline ammonia sclution can also be effected via hydrogen
peroxide giving the hexaamminecobalt(lll) ion.

4[Co(NH3)61%* (aq) + O2(glaq) + 4H* (aq) ==> 4[CO(NH3)6]3* (aq) + 2H20y))
2[Co(NH3)g]%*(aq) + H202(giaq) + 2H*(aq) ==> 2[CO(NH3)6]**(aq) + 2H20y)
+1.82V for [Co(H20)613*(aq) + €~ = [CO(H20)6]**(aq)

+0.10V for [CO(NH3)6]3+(aq) +e a| CO(NH3)5]2+(aq,

SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

3. How is the carbonate anion is coordinated with the metal ion?

e,
"
.,
"~

\“O
L >=0 -
/ \O

02/02/2021



SYNTHESLS AND STUDY OF SOME: PROPERTIES FOR SEVERAL COBALT (LIL) COMPLEXES

Expevimentol procedure

Synthesis of [Co(NH,);CI]CI, ‘[-\
5g of [Co(

CO;)(NH;),IJNO
(In fume hood) 3)(NH;),INO4

+
50 mL H,0

N

o, /1 Add 4 mL HCI

Add 10 mL NH,
Heat @60-702C during 20 min.

Add 80 mL HCI (dropwise)

l Filter (Buchner)

v

Filtrate Red-purple crystals

| Wash (ethanol) and dry

SINTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TZI) COMPLEXES

Starting material of
[Co(CO;)(NH3),INO;,

Different
steps in the
synthesis
procedure

Final product
[Co(NH;)<Cl]Cl,

02/02/2021



SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

Synthesis of [Co(NH;)4]Cl; \[-\Z.Sg of [Co(CO,)(NH;)LINO,
# +
(In fume hood) 25mLH,0

e

Co, 4 Add 2 mL HCI + 0.5g activated charcoal

Add 10 mL NH,
Heat @60-702C during 30-45 min.

l Determine pH. Add NH; if necessary.

l Filtrate over filter paper

v v

Filter Discard filter paper with charcoal

Add 1-3 mL HCI (dropwise)

Cool in ice bath and
filter (Buchner) l

Wash with 4M HCl and ethanol. Then dry.

SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TZI) COMPLEXES

Starting material of
[Co(CO5)(NH;),INO,

Colour of the solution during
synthesis procedure

(l/ ') | Final product
&‘, / [Co(NH;)¢ICl;

02/02/2021



SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

Synthesis of [Co(ONO)(NH;),]Cl, ¢ 1.5g0f [ColNHy);NT,
+50mL H,0
(In fume hood) | +5mL NH,

e

l Heat to dissolve

l Filter over pleated filter paper if turbid

v v

Filter Discard filter paper
Cool to 10°C

Add 2M HCl to pH = 6.Sl
Maintain solution

Add 1.5¢ Nalﬁ@?l

Add 1.5mL 6M HCl l’

Cool in ice bath 30 min l’

Filtrate (plate) l

SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TZI) COMPLEXES

Filter (filtering plate)

v v
Filtrate Orange solid
Wash with cold water and ethanol.
l Dry.

Colour of the
solution during
synthesis
procedure

Final product
[Co(ONO)(NH;)s]Cl,

02/02/2021



SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

Synthesis of [Co(NO,)(NH;),]Cl, ¢ 1.5gof [Co(ONO)(NH,),]Cl,
+20 mL H,0 (warm)
(In fume hood) \ +6-7 drops NH,

T

Cover with a watch glass

Gently heat until colour change

Add 10mL conc. HCI

Let solution crystalise
and then filter (Buchner)

|
!
l Cool in ice bath
!
l

|
ey
Y Yellow solid Filtrate

Wash with ethanol.
Dry.

~

Crystals [Co(NO,)(NH,):]Cl,

SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TZI) COMPLEXES

Isomers interconversion

Nitrite complex
solution + heat

Nitrite complex
in water bath

solution

Nitrite complex
solution + 4M HCI
+ irradiate UV light

Nitrite complex
solution

02/02/2021
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SYNTHESTS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (IT1) COMPLEXES

fdditionol ouestions
STEP A: SYNTHESIS OF [Co(NH,);Cl]Cl,

A-4 Write and adjust all the reactions that take place in this
synthesis.
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SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (II1) COMPLEXES

Addition of HCl leads to the rupture of carbonate ligand, releasing CO, to the
medium of reaction. Please, notice that the bonds that are broken are those from
the carbonate molecule, not all metal-ligand bonds. The formation of a gas that is
released favours the reaction to the right side. The coordination sphere of cobalt
is composed of four ammonia ligands, one chloride and cone hydroxyl group. This
OH- group is not a ‘good leaving group’. That is the reason why we can only
substitute chloride for ammonia when we add concentrated NH; to the solution.
When we add HCl in the last step to obtain the precipitated complex, acidification
transforms —OH into —OH, which is a ‘good leaving group’ enabling the entrance
of one chloride ligand in the coordination sphere of cobalt.

Order of leaving groups:

Excelent Worst

HCOs>> NOs™> | = H,0 = Br > CI' = S04 > SCN™ >F >CH3COQ0™ > NCS > NO» > NH: > OH > CN

_ﬁ—

SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (T1L) COMPLEXES

[Co{CO;}{(NH;),] ¥+ H* — [Co(NH,),{(OH}NCI]*

[Co{NH,),{OH}{CI)]*+ NH; = [Co{NH,);(OH)]**

[Co(NH,)s{OH)]** + H* — [Co(NH,)(OH,)]**

[Co{NH;)s{OH,}]** + HCl — [Co(NH;)sCl]?* + H,0
{

[Co(NH,)CI]**+ 2 CI- — [Co(NH,)CI]ICl, {solid)

| [Co(CO,){NH,),]* + HCl — [Co(NH,),(OH)CI]* + CO, (g)
[Co{NH,),{OH)CI]* + NH; {ag) — [Co(NH;)(OH)]?* + CI
[Co{NH,){OH)]?* + 3HCI — [Co(NH,):CI[Cl, {s) + H,O + 2H*




SYNTHESIS AND STUDY OF SOME: PROPERTIES FOR SEVERAL COBALT (TTT) COMPLEXES

A-5 If Co(lll) complexes are inert for the ligand substitution, why
is an instant release of CO, observed when the complex
carbonate solution is acidified?

As was remarked previously, the bonds that are broken are those from the
carbonate molecule, not metal-ligand bonds, that explains the rapid gas
formation. The most probable mechanism which is proposed for this step is the
following:

Ccl |2+
(0) ¥ 1,
E\nﬁ)_. (:n< >(:—()} —'»1NH3)¢(‘.«|<‘0 2 ‘E\”m“/ + CO,
O | OH,

C
()/ o
The fact that the rupture of the O-C bond occurs in the intermediate has been

established using 80 isotopic exchange reactions in different carbonate
complexes.

SYNTHESLS AND STUDY OF SOME: PROPERTIES HOR SEVERAL COBALT (T11) COMPLEXES

A-6 Why is there only one additional ligand of NH; in the
coordination sphere of the metal?

As it was remarked previously, after the acidification of the carbonate complex,
the complex that is present in solution is [Co(NH,),(OH)CI]* .

This OH" group is not a ‘good leaving group’. That is why we only can substitute
chloride for ammonia when we add concentrated NH; to the solution.

[Co(NH,),(OH)CI]* + NH; (ag) — [Co(NH;)s(OH)]>* + CI-

02/02/2021



SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (II1) COMPLEXES

STEP B: SYNTHESIS OF [Co(NH,),]Cl,

B-1 What is the role of activated charcoal in this synthesis?

The activated charcoal increases the speed of the reaction by helping in the
formation of the bonds between Co and NH;. Thus it is used to increase the
reaction of the ligand exchange. The charcoal is made from finely divided carbon
sheets that provide a large surface area. The holes on the surface of the
charcoal are used to enable the reaction of the ligand exchange to take place.
Moreover, activated charcoal helps to remove excess of NOj to avoid
precipitation of [Co(NH,) JNO, .

SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

STEP C: SYNTHESIS OF [Co(ONO)(NH,):]Cl,

C-1 Which of the two isomers is more stable?

Linkage isomerism involves ligands that are capable of bonding through cne type
of atom in one situation and another type of atom in a different situation. The
nitrite ligand can link to metals through the N atom (‘nitro’ complexes) or the O
atom (‘nitrito” complexes). The ‘nitro’ complex is more stable. Thus, the nitrito
isamer is less stable, and can be converted to the nitro isomer slowly by standing
at room temperature, or quickly by heating or adding HCl to a solution containing
the nitrito compound or using UV light.

NH3 2+ NHa 2+
HaNu,,,. | o NH3 H3N7,,, | W NH3

Co. 0 Co.
HNT | YN HaN™ | Vo_ 0

NH5 0 NH; N

“nitro” 1somer “nitrito” 1Isomer

02/02/2021



SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (II1) COMPLEXES

Transfaormation of nitrito isomer into nitro isomer probably takes place vig this
heptacoordinated intermediate.

(H,N),Co
N=(j:

SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

C-2 Why the nitrite complex is obtained first?

Because the complex that is obtained first is the kinetic product; the reaction
takes place with low activation energy. Nitrite complex is easily formed following
probability and statistics. Since the molecule O-N-O has two atoms of oxygen and
only one atom of nitrogen, it is more likely to bind the metal centre using an
oxygen atom than using nitrogen.

'y — E, of Product A is lower than E, of
/ “\ Product B, indicating that Product A
f ,f":‘ﬁ"':"-._\\\ is more easily formed. Thus Product
Jj-“ ) A is the Kinetic Product.
,"/' Energy level of Product B
/ is lower than that of
% E \ Product A, indicating
5 " \ | greater stability. Thus
A Product B is the
l l \\ Thermodynamic Product,
Energy of I } ‘I
Reactants seasibe { Product B

Progress of Reaction

02/02/2021
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SYNTHESLS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (ITT) COMPLEXES

STEP D: IR CHARACTERISATION

D-1 Assign the peaks corresponding to the ligands in the different
complexes

IR spectrum of [Co(CO;)(NH,),I*
(=¥

g ety g

L

-
=)

SNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (III) COMPLEXES

3267 cm™ : Stretching vibration N-H

1620 cm™ : Antisymmetric stretching C=0
1370 cm : Stretching N-O

1342 cm™ : Rocking vibration N-H

1249 cm™ : Symmetric stretching C=0
821 cm™ : Stretching CO; out of plane

679 cm™ : Rocking vibration CO; in the plane
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SYNTRESIS AND STUDY OF SOME PROPERTEES FOR SEVERAL COBALT (TZE) COMPLEXES

IR spectrum of [Co(NH;);CIICl,

I
PR/ LN I

ansmitancia

Tr

0.9 §

——
R T T T .

| S I |0| 1 IJU‘UUI I
00 Lo Long. de onda (cm-1)

-
o

SYNTRESIS AND STUDY OF SOME PROPERTEES FOR SEVERAL COBALT (LZE) COMPLEXES

3151 cm™: Antisymmetric stretching N-H

1562 cm™! : Degenerated deformation vibration NH;

1311 cm ! : Rocking vibration N-H

832 cm™ : Symmetric deformation vibration N-H and vibration
Co-Cl

493 cm : Stretching vibration Co-NH4
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IR spectrum of [Co(NH,},ICI,
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SYATHESTS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (T11) COMPLEXES

3080 cm™: Antisymmetric stretching N-H
1562 cm™ : Degenerated deformation vibration NH,
1322 cm™ : Rocking vibration N-H

832 cm! : Symmetric deformation vibration N-H and vibration

Co-Cl
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IR spectrum of [Co(ONO)(NH,).]Cl,

%

78‘
B (1) or00

SINTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (LII) COMPLEXES

3136 cm1: Antisymmetric stretching vibration N-H
1620 cm! : Degenerated deformation vibration NH,
1460 cm! : Antisymmetric vibration N=0O

1316 cm-1 : Rocking vibration N-H

1061 cm™! : Symmetric stretching vibration N-O

840 cm™ : Bending NH,

500 cm! : Stretching vibration Co-NH,
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IR spectrum of [Co(NO,)(NH,)]Cl,
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SYNTHESES AND STUDY (F SOME PROPERTIES FOR SEVERAL COBALT (TZL) COMPLEXES

3127 cm™: Antisymmetric stretching vibration N-H
1579 cm™ : Degenerated deformation vibration NH;
1426 cm™ : Antisymmetric vibration N=O

1307 cm! : Rocking vibration N-H

845 cm™ : Bending NH,

825 cm! : Wagging NO,

502 cm™ : Stretching vibration Co-NH,

473 cm! : Deformation vibration Co-NO,
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D-2 In the case of the carbonate complex, indicate which is the
preferred mode of coordination.

NH;3 +
HaNo,,, l 0
H3N/ ~o

NHs

SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIL) COMPLEXES

D-3 Compare the spectra of the complexes containing nitro and
nitrite ligands and indicate the differences between them.

Antisymmetric | Symmetric ot ) _ e
Complex stretching stretching Bending Wagging At
NO e NO, NO, Co-N

[Co{NO,}{NH.):]Cl, 1428 cm? 1310 cm? 824 cm? 594 cm? 499 cm!

[Co{ONO)(NH,)JCl, 1468 cm 1065¢cm®  825cm!
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SYNTHESIS AND STUDY OF SOME PROPERTIES FOR SEVERAL COBALT (TIT) COMPLEXES
Tk tiond nforwation

l- < Br- < SCN- < Cl- < F- € OH-,ONO- < OH, < NCS- < NCCH; < NH,,
py < NO2- < CN-,NO, CO.

Ligands that produce a small A are called weak-field ligands and are on the left end of the
series. Ligands that produce a large A are called strong-field ligands and are on the right
end of the series.

Assuming the above series to be correct (since the spectrochemical series in not an
absolute ordering of ligands} the observed order in the series varies somewhat from one
complex to another.

| have found in most of the articles that the strong field ligands start from CO and
generally go up to NH; or (up to NCS-. But from NH, to NCS- they are not as strong as the
above mentioned).

The weak field ligands start from H,0 and go to I-.

Strong: NC5- < NCCH; < NH;,py < NO2- < CN-,NO, CO.

Weak:I- < Br- < SCN- < Cl- < F- £ OH-,0ONO- < OH,

02/02/2021
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