PRINCIPLES IN SPECTROSCOPY - TOPIC TEST 1

QUESTION 1
Spectroscopic techniques are based on

A the transformation of molecules when subjected to nuclear radiation
B  the behaviour of matter when exposed to x-rays

C the decay of molecular compounds

D the interaction of matter with light

QUESTION 2

Electromagnetic radiation can be described as

A aform of energy that consists of electric and magnetic fields that travel at the
speed of light.

B  mass-less particles travelling in a wave-like motion.
photons of which contain a quantum (particular quantity) of energy.
D Al of the above.

QUESTION 3
As the energy of electromagnetic energy increases,

A The wavelength decreases and the frequency increases
B  The wavelength decreases and the frequency decreases
C The wavelength increases and the frequency increases
D The wavelength increases and the frequency decreases
QUESTION 4

Which of the following spectroscopic techniques does not utilise the visible range of the
electromagnetic spectrum?

A Flame tests

B  Nuclear magnetic resonance

C  Atomic absorption spectroscopy
D Colorimetry

QUESTION 5

Which of the following statements is incorrect?

A All types of spectroscopy utilise energy differences within atoms or molecules

B  All types of spectroscopy involve the absorption of some type of electromagnetic
radiation

C Alltypes of spectroscopy measure the amount of light absorbed by an atom or
molecule

D  Alltypes of spectroscopy can be used qualitatively to some extent

© The School For Excellence 2019 ATAR Central — Chemistry Page 1



QUESTION 6
Which of the following types of spectroscopy could not be used to analyse metals?

A  flame tests

B AAS

C IR

D AES
QUESTION 7

UV light has higher energy than the visible, infrared and radiowave sections of the
electromagnetic spectrum. This means that an analysis using UV light
A will cause changes to the nuclear spin, vibrational and electronic states of the sample.

B  causes light to be emitted by the sample as outer shell electrons absorb energy and
move to an excited state.

C will only cause transitions in the electronic state of the sample.

D allows multiple types of spectra to be obtained.

QUESTION 8
Colorimetry is based on the principle that:

A The greater the amount of light of a certain wavelength absorbed by the sample, the
greater the concentration of the substance being investigated.

B  The greater the amount of light of a certain wavelength reflected by the sample, the
greater the concentration of the substance being investigated.

C The angle of refraction of a certain wavelength of light determines the concentration of
the substance in the sample.

D The principle is too complicated to explain.

QUESTION 9
The main purpose of a Blank in UV-Vis analysis is to:

A  Set the instrument to “zero concentration” by adjusting it for any radiation absorbed by
the solvent alone.

B  To determine the lowest concentration the instrument is able to detect.
All of the above.

D None of the above.
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QUESTION 10
Which of the following statements is incorrect?
A spectroscopic analysis always allows the structure of the sample to be determined

B quantitative analysis via spectroscopy is based on the amount of light being absorbed
being proportional to the concentration of the sample

C one reason that calibration curves are used in spectroscopic techniques is to eliminate
systematic error due to absorbance by the solvents

D spectra obtained from spectroscopic techniques can either show the wavelengths of
light absorbed or transmitted.

QUESTION 11

(a) Explain what an absorption spectrum is and how this principle can be applied to atomic
absorption spectrometry. (2 marks)

(&) How can AAS be used quantitatively? (2 marks)
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QUESTION 12
Why does spectroscopic analysis result in unique spectrums? (2 marks)

Solution

QUESTION 13
Why doesn'’t visible light cause changes to the vibrational state of a molecule as well as the
electronic state? (2 marks)

Solution
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SOLUTIONS

QUESTION 1 Answer is D
QUESTION 2 Answer is D
QUESTION 3 Answer is A
QUESTION 4 Answer is B
QUESTION 5 Answer is C
QUESTION 6 Answer is C
QUESTION 7 Answer is C
QUESTION 8 Answer is A
QUESTION 9 Answer is A
QUESTION 10  Answeris A
QUESTION 11

(&) An absorption spectrum shows which wavelengths of light are being absorbed by a

(b)

sample as it makes a transition from some sort of ground state to an excited state. In
AAS, UV or visible light is absorbed by electrons which makes them move from their
ground state to an excited electronic state. The absorption spectrum would show all
the colours of the visible spectrum with bands missing for the wavelengths that have
been absorbed.
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The absorption of a series of standard solutions would be measured and the results
would be used to create a calibration curve. The absorbance of the sample would then
be measured and its concentration determined from the calibration graph. The
absorbance of the sample will be proportional to the concentration of the sample.

© The School For Excellence 2019

ATAR Central — Chemistry Page 5



QUESTION 12

Every atom or molecule has a unique structure and arrangement of protons and electrons.
This means that every atom or molecule also has a unique set of electronic, vibrational and
nuclear energy levels and a unique range wavelengths of light that can be absorbed.
Therefore, every different chemical substance has its own spectrum.

QUESTION 13

For changes to any sort of energy state to occur, the exact amount of energy (that is equal to
the energy gap) must be absorbed. Visible light has the right amount of energy to match the
energy gap between the electronic levels (electron shells) in atoms. The energy gaps
between ground state vibrational states and excited vibrational states are smaller than the
energy found in visible light and therefore the visible light will not be absorbed. Infrared light
is lower in energy than visible light and has the right amount of energy to match the energy
gap between vibrational states in molecules.
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