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1. (5%) Describe the baéic principle of voltammetry. Why are stripping methods more

sensitive than other voltammetric procedures?
2. (6%) Describe the working principle and instrumentation of a pH meter.
3. (3%) Distinguish between concentration polarization and kinetic polarization.

4. (6%) Why has inductively coupled plasma mass spectrometry (ICP-MS) become an

important and widely used method for elemental analysis?
5. (3%) Please describe the basic principle of ion-pair chromatography.

6. (9%) In the Figure below, suppressed-ion anion chromatography is used to separate
and detect NOs~ and SO42~ in a sample containing NaNOs3 and CaSOq. Fill in the
blanks (A to I) with the species that are listed below. |

NOjs", SO, KNO3, K2804, HNO3, H2S04, KOH, H, K

KOH eluent

Sample .
NaNQ; + CaS0Qy \%1

(A) B

j\ o

Elution time «—s-

Anion
separator
column

Congcentration —

Concenrtration —»

detector

CBi ductlwty / Elutlon time ws

waste
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7. (15%) The Table below lists the properties and characteﬁstiés of typical gas
chromatography columns. Please (a) describe thé physical differences between
FSOT, WCOT, SCOT and packed columns. (b) Why the efficiency of SCOT

columns is less than that of WCOT columns but significantly greater than that of
packed columns? (c) What kinds of samples can be separated by PLOT columns?

FSOT* WCOTS SCOT* Packed
Length, m 10-100 10-100 10-100 1-6
Inside diameter, m 0.1-0.3 0.25-0.75 0.5 2-4
Efficiency, plates/m  2000-4000  1000-4000  600-1200  500-1000
Sample size, ng 10-75 10-1000 10-1000 10-10°
Relative pressure Low Low Low High
Relative speed Fast Fast Fast Slow

*Fused-silica open tubular column
¥Wall-coated open tubular column
#Support-coated open tubular column (also called porous layer open tubular or PLOT)

8. (5%) The Figure below shows the effect of potassium concentration on the
calibration curve for strontium determined by atomic absorption spectrometry
(AAS). Please explain why the slope increases with (a) the use of nitrous oxide

instead of air as the oxidant, and (b) increasing the concentration of potassium ions.

ROy T e A o G s e

0.8 K 25000 pg/mL

K 10000 pg/mL

06— ' - +K 1000. pg/mL
8 .,
<] g
£ 04 (N,0-acetylene) k
~ K 0 pg/mL
0.2 K 1000 pg/mL

(Air-acetylene) i

! | I |
0 2 4 6 8

Strontium concentration, pg/mL
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9. (6%) Please fill in the blanks in the following table.

Gas Chromatographic Detectors

Type Apblicable Samples Typical Detection Limit
Flame ionization (a) 0.2 pgls

Thermal conductivity  (b) 500 pg/mL |

Electron capture (©) | 5 fg/s

Mass spectrdmetef Tunable for any species 0.25-100 pg

10. (4%) The Figure below shows the visible absorption spectra of 1,2,4,5-tetrazine.
Please explain why the absorption profiles appear different in gas phase, hexane,

and aqueous solution. -

(a) Vapor

(b) Hexane
solution

Absorbance

{c) Aqueous
solution

450 500 550 600
© Wavelength, nm



S5 3 KR 112 £ 4 AR B R AR

LrprBEE ] L HAT BRI R

A E (RAE) © HATAEE(2901)

#£ 5 R KA R *HE [FRE] %

11. (6%) Describe the components and configuration of an ultraviolet and visible (UV-

12.

13.

14.

15.

Vis) absorption spectroscopy.

(3%) Please explain why the complex ioﬁ Cu(NH3)4?* gives blue color in solution?

(3%) Which of the following compounds would have a greater fluorescence

quantum yield? Explain.
Ox OH O o OH
T o
C
COH f CO,H
phenolphthalein fluorescein

(6%) A 0.5000-g sample containing NaHCO3, NaCOs, and H>O was dissolved and
diluted to 250.0 mL. A 25.00-mL aliquot was then boiled with 50.00 mL 0f 0.01255
M HCL After cooling, the excess acid in the solution required 2.34 mL of 0.01063
M NaOH when titrated to a phenolphthalein end point. A second 25.00-mL aliquot
was then treated with an excess of BaClz and 25.00 mL of the base; precipitation of
all the carbonate resulted, and 7.63 mL of the HCl was required to titrate the excess
base. Calculate the composition of the mixture.

Phenolphthalein transition range: 8.3-10.0

(6%) The structure of triethanolamine in its fully protonated form is:

HO\/¢E/\,OH
OH ,
Its pKais 7.8. You have available at your lab bench 0.1 M solutions of HCl, NaOH,
and the uncharged (free base) form of triethanolamine, as well as ample distilled
water. Describe the preparation of a 0.5 L solution of 0.05 M triethanolamine buffer,
pH 7.6.
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16. (6%) Experiments show that the average observer can just detect the red color of
Fe(SCN)** when its concentration is 6.4 x 10 M. In the titration of 50.0 mL of
0.050 M Ag* with 0.100 M KSCN, what concentration of Fe** should be used to
lower the titration error to near zero?

' Agt+SCN- === Ag(SCN)() Ko=11x 1012
Fe** + SCN' === FeSCN?*  Kr=1.05x 10°

17. (8%) Calculate the potential required to initiate deposition of copper form a solution

that is 0.010 M in CuSOs and contains sufficient HoSO4 to give a pH of 4.00.




