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1. (10%) What is a buffer solution and what are its properties? Considering solutions

prepared by (a) dissolving 8.0 mmol of NaOAc in 200 mL of 0.1 M HOAc. (b)

adding 100 mL of 0.05 M NaOH to 100 mL of 0.175 M HOAc. (c¢) adding 40 mL of

0.12 M HCl to 160 mLof 0.042 M NaOAc. Ih what respects do these solutions

resemble one another? How do they differ? The pKa of acetic acid (HOAc) in water
is 4.76.

2. (5%) A solution contains 2.0 x 10* M NaCl. Calculate the concentration of Na*in

ppm. The atomic weights of Na and Cl are 23.0 and 35.5, respectively.

3. | (7%) Compounds of Mn(Il) are usually very weakly colored, whereas compounds
of Mn(I1I) are often intensely colored. Explain this difference in terms of electronic
transitions. A specific Mn complex has a molar absorptivity of 3200 L cm mol™! at
its wavelength of maximum absorption (Amax). Calculate the molar concentration of
the complex if the percent transmittance is 35%, when measured in a 1.00-cm cell

at 7\,max

4. (6%) Calculate the formation constant K¢ for Ag(CN);™:
Agt+2 CN == Ag(CN)y
if the cell
SCE||Ag(CN)y" (7.5x10* M), CN- (0.025 M)|Ag
develops a potential of -0.625V.
(The electrode potential of SCE is 0.244 V at 25°C)

(Ag'+e == Ag) E=+0.799V)

5. (10%) Briefly distinguish between qualitative, semi-quantitative, and quantitative
analysis. Explain how quantitative analysis is usually achieved in practice. How can
the accuracy of an analytical result be evaluated? Additionally, describe how the

standard addition method works and discuss when it should be used.
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6. (10%) An aqueous sample contains NaNO; and KBr. The bromide ions are
determined by argentometric titration using AgNOs, with fluorescein as an
adsorption indicator (Fajans method). Upon addition of AgNOs, AgBr is formed as

a colloidal precipitate. Please answer: (a) Before the equivalence point, what is the

net charge on the surface of the AgBr colloidal particles? Explain the origin of this
charge. (b) After a slight excess of AgNO; has been added beyond the equivalence
point, what happens to the surface Acharge of the AgBr particles, and why? (c)
Explain how the Fajans method detects the end point of the argentometric titration.

(d) Identify the ions present in the counter-ion layer surrounding the AgBr particles

(i) before and (ii) after the equivalence point.

7. (10%) (a) Explain why plate height increases at (i) very low and (ii) Very high flow

rates in the following figure.
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(b) Why is high pressure needed in high performance liquid chromatography
(HPLC). | '

(c) When you try separating an unknown mixture by reversed-phase chromatography
with 50% acetonitrile-50% water, the peaks are eluted between 1 and 3 min, and they
are too close together to be well resolved for quantitative analysis. Should you use a

higher or lower percentage of acetonitrile in the next run? Explain.
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(5%) Match each gas chromatographic detector in Column I with the most

appropriate description of its applicable samples in Column II.

Type of detector Applicable samples
(a) Flame Ionization Detector (1) Universal detector
(b) Thermal Conductivity Detector (ii) Halogenated compounds
(c) Electron Capture Detector (iii) Compounds containing N and P
(d) Thermionic Ionization Detector (iv) Hydrocarbons
(e) Flame Photometric Detector (v) Compounds containing P and S

(6%) Strong acid and weak acid cation-exchange resins differ in their chemical
structures and ionization behaviors. (a) Describe the key structural differences
between strong acid and weak acid cation-exchange resins. (b) Given a water
sample containing Ca®* and Mg”* at pH 4.0, which type of resin would be more
suitable for ion exchange? Explain your reasoning.

(10%) What is the role of the inductively coupled plasma (ICP) in inductively
coupled plasma mass spectrometry (ICP-MS)? Name one of the most commonly
used mass analyzers in ICP-MS and briefly describe its operating principle. Discuss
the major advantages of ICP-MS over other elemental analysis techniques such as
atomic abéorption spectrometry and inductively coupled plasma-optical emission
spectrometry.

(7%) For each molecule listed in the table below, indicate whether it is more suitable

for infrared spectroscopy, Raman spectroscopy, or both. Briefly justify your answer

for one of the molecules listed above.

' f Aromatic
Hz0 Lle H: Cos Hydrocarbons

(6%) lon-selective electrodes are powerful tools in clinical and environmental
analysis and are widely used in potentiometric measurements for the determination
of specific ions in solution. Explain the working principle of potentiometry and
clearly distinguish it from amperometric measurements. Additionally, describe

how an jon-selective electrode achieves selectivity toward a particular ion.



Bl 3 R 115 2 EAR LA WAL A
RATHEELR L 2T SR LA BE R AR

Fkte (K#B): 24714 (3001)
#_4 _H-HE_4 R HE[25£5] 5%
13. (4%) Differential Pulse Voltammetry (DPV) is widely used for trace
electrochemical analysis. (a) Describe the potential waveform and current sampling
strategy used in DPV. (b) Explain why DPV provides higher sensitivity and lower
detection limits than conventional voltammetric techniques such as linear sweep or
cyclic voltammetry.

14. (4%) Please assign a suitable name to the corresponding analytical techniques.
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