. Please define the terminologies of (a) Spectroscopy (b) Mass-spectroscopy and (c)
Diffraction techniques. (10)

. Fourier Transform Infrared Spectroscopy (FTIR) is commonly used to analyze organic
materials. (a) Explain the role of "Fourier Transform" in this technique and how it is
applied to convert the raw data into a usable spectrum. (b) Describe how to interpret the
data obtained from FTIR, focusing on identifying functional groups and understanding
the significance of the absorption peaks in the spectrum. (10)

. Explain the working principle of Raman spectroscopy and how it differs from infrared (IR)
spectroscopy in terms of vibrational mode selection (Raman-active vs. IR-active).
Discuss the key differences between Raman and fluorescence signals, including their
excitation mechanisms and spectral characteristics. If fluorescence occurs during
Raman measurements, what strategies can be used to minimize or avoid it in order to

obtain clear Raman spectra?

. How does preferred orientation affect an X-ray diffraction (XRD) pattern in terms of peak
intensities and missing reflections? Explain how the pattern may differ from a randomly
oriented sample and why these changes occur. Finally, discuss experimental
techniques to minimize the effects of preferred orientation. (15)

. XRD peak broadening may be created by the size or strain effect. Please describe how
“size” and “strain” effect generate to the full-width-half-maximum (FWHM) as a function
of the incident angle of light. (5)

. X-ray Photoelectron Spectroscopy (XPS) is a surface-sensitive technique used to
analyze the elemental composition and chemical state of materials. (a) Explain the
working principle of XPS, including how it detects elements and provides information on
their chemical states. (b) What kind of information can be obtained from an XPS
spectrum, and how can the binding energy shifts be used to interpret the chemical
environment of elements in the sample? (15)

. X-ray Fluorescence (XRF) and Energy Dispersive X-ray Spectroscopy (EDXS) are two
techniques used for elemental analysis of materials. (a) Compare the working principles
of XRF and EDXS, focusing on how each technique detects elements in a sample. (b)
Highlight the differences in the type of data obtained from XRF and EDXS, and how the



results can vary in terms of resolution and sensitivity. (10)

. Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) are
two imaging techniques used to analyze materials at the nanoscale. (a) Compare the
working principles of SEM anid TEM, focusing on how each technique forms an image.
(b) Discuss the differences in sample preparation for SEM and TEM, including the
requirements for sample thickness, conductivity, and any coating or treatment needed
before analysis. (15)

. Atomic Absorption Spectroscopy (AAS) and Inductively Coupled Plasma Spectroscopy
(ICP) are commonly used techniques for measuring the concentration of elements in a
solution. (a) Explain the working principles of AAS and ICP. (b) Compare the differences
in the type of data obtained from these two methods, including sensitivity, detection
limits, and the range of elements that can be analyzed. (10)
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