Measuring Properties of Inorganic Compounds in Lab

1. IR spectra
2. UV-Vis spectra
3. Conductivity
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1. IR spectra
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Principle of IR spectroscopy

* Molecules are made up of atoms linked by chemical
bonds. The movement of atoms and the chemical
bonds like like spring and balls (vibration)

o

Vibration of a Diatomic Molecule
Approximates an Oscillating Spring

* This characteristic vibration are called Natural
frequency of vibration.



BASIC PRINCIPLE:

* A chemical substance shows marked selective absorption in IR

region.

» After absorption of IR radiation the molecules of chemical
substance vibrate at many rates of vibration giving rise to closely

packed absorption spectrum called as IR absorption spectrum.

* Various bands present in the IR spectrum corresponds to
characteristic functional group and bonds present in the chemical

substance.

* Thus IR spectrum of a chemical substance is fingerprint for its

identification.



MULL TECHNIQUE:

* In this technique a small quantity of sample is thoroughly ground

in a clean mortar until the powder 1s very fine.

* After grinding, the mulling agent (mineral oil or Nujol) is
introduced in small quantities just sufficient to take up the powder

(mixture approximates the consistency of a toothpaste).

* The mixture is then transferred to the mull plates & the plates are
squeezed together to adjust the thickness of the sample between

IR transmitting windows.

* This is then mounted in a path of IR beam and the spectrum is

ruin.



Demerit:

* Although Nujol is transparent throughout IR region, yet it has a
disadvantage that it has absorption maxima at 2915, 1462, 1376
& 719 cm!.

* So when IR spectrum of solid sample is taken in Nujol mull,
absorption bands of solid sample that happen to coincide with
the absorption bands of the Nujol mull will be hidden (but
others will be clearly seen in IR spectrum) and then interferes

with the absorption of the sample.



= Infrared spectroscopy (IR) measures the bond vibration
frequencies in a molecule and 1s used to determine the
functional group.

= The IR region 1s divided 1into three regions:

|. The near IR (12500-4000 cm!) (overtons region)
2. The mid IR (4000-200 cm!)
3. The far IR (200-10 cm!)

= The mid IR region 1s of greatest practical use to the organic
compounds.
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Table 13.4 Important IR Stretching Frequencies

Type of bond
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(alcohol)

O—H
(carboxylic acid)
N—H

C—H

Wavenumber (cm™)

2260-2220
2260-2100
1680-1600
1650-1550

~1600 and ~1500-1430

1780-1650
1250-1050
1230-1020
3650-3200

3300-2500

3500-3300
3300-2700

Intensity

medium
medium to weak
medium

medium

strong to weak

strong
strong
medium

strong, broad

strong, very broad

medium, broad

medium




MOLECULAR VIBRATIONS

There are 2 types of vibrations.
1)  Stretching vibrations

2) Bending vibrations

*  1)Stretching vibrations: inthis bond length is altered.

*  They are of 2 types

a) symmetrical stretching 2 bonds increase or decrease in length.




b) Asymmetrical stretching: in this one bond length is
increased and other is decreased.
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2)Bending vibrations:

*These are also called as deformations.

*In this bond angle is altered.

*These are of 2 types

*a) in plane bending— scissoring, rocking
*b) out plane bending— wagging, twisting



Scissoring:
This is an in plane bending.

In this bond angles are decreased.2 atoms approach each other.

o

Rocking: -

*In this movement of atoms takes place in same direction.



Wagging:
It is an out of plane bending.

In this 2 atoms move to one side of the plane. They move up and down the

plane.
\
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Twisting:

*In this one atom moves above the plane and the other atom moves below

the plane. .
\
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Violet, cis form Green, trans form
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Here, color can distinguish the two
Also Far IR (500 — 300 cm™)

Trans: one peak

Cis: two peaks
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Measuring Properties of Inorganic Compounds in Lab

2. UV-Vis spectra
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Principles of Spectroscopy

* The principle is based on the measurement of
spectrum of a sample containing atoms /
molecules.

. * Spectrum is a graph of intensity of absorbed or
emitted radiation by sample verses frequency
(v) or wavelength (A).

* Spectrometer is an instrument design to
measure the spectrum of a compound.



The electronic spectrum of [Ni(H,0)]%*:

The complex looks green, because it absorbs only weakly at 500 nm,
the wavelength of green light.

8 . u
| |
e UV  «—— visible ——1 infrared
— |
> [ | : ot
B | | [Ni(H,O)g]
— | |
: AR ~
S 4. : ‘ | Ao ~T2g
© | |
Q ! |
= l |
|
|
! \_,
|
| |
0 ! ‘ ) : ! t ' ] | ' |

200 300 400 500 600 700 800 900 1000 1100 1200
A, wavelength (nm)










pESEECS e =
Messurement  Help
o bs No. l
Spectrum Measurement - Parameter T :

Paameters | Data File |

Photomeric Moce: [EEN <)

Resperne Medun v i :

BandWidh |20 -

Scannwg Speed [ 100h/min E 1
{ sw r— R

|1T1
2 00 o No. of Cycle
D ata Pilch 0.2rm - 1

~ Dusplay
o T

oK ] Cam:alJ Open J SMJ ‘

0 N i i i i
300 320 340 380 380 400

Wavelength [nm]

B199960%12 ' %

4 ]




i

280
Wavelength [nm]

Sample vis spectrum



Measuring Properties of Inorganic Compounds in Lab

3. Conductivity



Co(NH,),Cl;] - does not ionize.

(Co(NH;),Cl1,]C1 = [Co( NH;)‘,C ,]" + CI" (2 ions)

Co NH3)6]CI3 [Co(NH3)6] +3Cl (410ns)

(Co(NH,)5]CIICl, = [Co(NH,){CI}*" + 2CI" (3 ions)

As the number of ions in solution increases, their conductivity also increases.
Therefore, conductivity follows the order:

[Co(NH;);Cl} <[Co(NH;),Cl,]Cl < [Co(NH,)sC1]Cl, < [Co(NH;),]Cl,
Number of | molar conductivity,
ions Q' cm? mol!
2(1:1) 96-150
3(1:2) 225-273
4 (1:3) 380-435
5(1:4) 540-560

(For aqueous solutions)
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