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1.

In FT-IR instrumentation an interferometer is employed to coup with a major
ohstacle. Identify the purpose of having an interferometer. {a) instability of the
light scurce. {b) poor detection sensitivity. (c} slow detection and electronics. {d)

it is employed to improve the resolution of a grating.

Which of the following statements directly lead to an increase in FT-IR resolution?
1. scan time domain signal sufficiently long; 2. increase the number of
measurements. 3. Increase the light path. 4. Increase the mirror drive distance. 5.
Increase the speed of motor drive. Your answer: {a) 1 and 2; (b) 3 and 4; (¢} 2 and
5;(d)1and 4; (e) 3, 4 and 5.

Which of the following statements of combination could explain the poor
sensitivity with flame AAS? 1. short light-path; 2. weak light source; 3. low
steady state analyte concentration in the flame; 4. low resolution of the
monochromator; 5. poor nebulization efficiency.  (a} 1 and 3; (b} 2 and 3; (c) 2
and 4; (d} 3 and 5.

In early 1977, the two Viking landers began sending data on the elemental

makeup of Mars surface soil, whose results sugpested that the main components
were 510:2(45%), Fe20: (18%), ALO:(5%), MgO (8%), CaO (3%) and SO: (8%).
What instrument was in use on these spacecrafts which allowed instantaneous
analysis of elements in soil and rocks of Mars. (2} AAS; (b) AES; (¢) ICP-MS; (d)
XRF; (&) ET-AAS.

In Taiwan diesel used for fishing boats is frequently being smuggled to the shore
for motor vehicle use due to the large price difference. Off-road inspection and
sampling of diesel from trucks coupled with in-lab analysis is the most effect way
to trace the illegal supply of the fishing boat diesel. Which of the following
analytical methods is used in this type of investigation? {a) hydrocarbon content
by GC; (b} lead content by AAS; (c) water content by HPLC; {d) sulfur by XRF.

In the incident of tainted milk imported from China that we heard a lot about,
melamine was deliberately added in milk to fortify the content of nitrogen, an
index of protein content. This criminal act cannot be detected by the
conventional Kjedahl method. Why? (a) It's sensitivity for melamine is too low; (b)
it is based on acid-base titration; (¢) it is based on gravimetric method; (d) no
distinguish between nitrogen from protein and melamine; (e) because melamine
is not a protein.

Continued from question 6. Technigues involving HPLC can detect the presence of
melamine in tainted milk with a detection limit = 0.50 ppm. Which of the

following statements are false? 1. If a sample contains 0.5 ppm melamine, the
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method can always find its presence; 2. There is a slight possibility that samples

containing no melamine will give a signal greater than 0.5 ppm; 3. The D.L. can be , ,cf_:—:_'
lowered, if MS rather than UV detection is used; 4. if a product claims not to l ///;"‘
contain melamine as confirmed by HPLC/MS, one should consider the product is S
melamine free.  Your answer: (a) 1 and 4; (b) 2 and 3; (c)3and4;(d) 1, 2 and 4. ’;’i; :

8. When one uses 2 25.00 £ 0.03 mL Class A volumetric pipet to deliver 100 mL of | o ;
water. What is the uncertainty in the 100 mL water? (Hint: the precision can be as ,\ j‘,xnj j
smallas £ 0.006 mL). {a) + 0.12mL; (b) * 0.06 mL; (¢} + 0.012 mL; (d) 0.06 - ‘_f__ |
0.12 mL,

9. Which of the following practices have little to do with improving accuracy? 1.
Analyze standard reference materials; 2. Repeat analysis; 3. Run blanks; 4.
increase recovery; 5. Increase sample volume. Your answer: (a) 1 and 3; (b) 2 and
3;{c) 1, 3and 4; (d) 2 and 5.

10. Which instrument was used on-board the Gassinj spacecraft to measure
chemical composition of Titan’s atmosphere (note: Titan is Saturn’s largest moon).
In this expedition, H,, CHa, Ar, CO, and CB/CH, as well as N**/N* were measured.
(a) XRF; (b) FT-IR; (¢} GC; {d) GC-MS; {e] cyclic voltammetry,

11. Which of the following statements concerning the Karl Fischer method are true?
1. 1t works based on acid-base titration; 2. It is used to determine alcohol content
in solution; 3. It can be a coulometric procedure; 4. It works based on redox

i reactions; 5. Its reagents involve iodide. Your answer: (a) 1; (b) 1 and 2; {c) 3 and
4;(d) 3,4, and 5; {e} 4 and 5.

12. Which technique fits to the following descriptions: 1. It is the most sensitive

electrochemical analytical technique; 2. It can be used to determine trace

I amount of heavy metals in solution; 3. Its high sensitivity is owing to an
enrichment process; 4. The measured current is propertional to the analyte
concentration. Your answer: (a) cyclic voltammetry; {b) amperometry; (c)

coulometry; (d} stripping voltammetry; (e) sampled current polarography.

13. Which instrument that could invalve a device that fit to the following
descriptions: 1. Sample liquid is pushed through a tiny charged capillary; 2. The
liquid pushes itself out of the capillary and forms aerosol; 3. The aerosol is
produced by a process involving the formation of a Taylor cone; 4, As the solvent
evaporates, the anafyte molecules are forced closer together, repel each other
and break up the droplets. Your answer: (a) BPLC-MS; (b) ICP-MS; (c) ICP-OQES; (d}
CE.

14.If an anatytical methaod is found to have a constant low recovery, which of the
following problems are ltkely to be responsible for? 1. Matrix effect; 2. Interfering
species binding with the analyte; 3. Contaminated blank solvent in which
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standard reference material is spiked; 4. Poor reproducibility or precision. Your l‘ﬁ;:f;
P
answer: (a) Tand 2; {b) 2and 3; (c} 1, 2 and 3; (d) 1, 2 and 4. : A
o
Ly

For amino acid aniline (M;A) to dissalve in water, whose pKi=2.34 and pK,=9.87. 1.
Its isoelectric pH for 0.010M alanine = 6.11; 2. its isoionic pH for 0.10M alanine =
6.10; 3. At the isoionic point, [H,A"] = {A]; 4. At the isoelectric point, [H,A"] = [AT];
5. Isoelectric focusing technique is a sensitive way to separate proteins. Which of
the above five statements are correct? You answer: (a) 1, 3; (b) 2 and 3;(c)2,4
and 5; (d) 4 and 5.

{5 pts) (a} Name three mechanisms with which ions or molecules are transported
from the bulk of electrolyte soluticn toward or away from an electrode. {b} Why
concentrated supporting electrolyte is usually needed in electrochemical
experiments?

(5 pts} (a) Describe the mechanism of the production of an MNN Auger electron,
{b) How can one distinguish between X-ray photoelectron peaks and Auger
electron peaks in a spectrum?

(5 pts) Scanning tunneling microscope (STM) and atomic force microscope (AFM)
represent two of the most commeon types of scanning prabe microscope. (a)
What are the advantage of STM and AFM 7 {b) What are the limitations of each
type?

{6 pts) The following cell was found to have a potential 0.2897 V.

SCE (saturated calomel electrode) | |Mg* (o = 3.32 x 107 M} |membrane
electrode for Mg?* (E° for SCE = 0.244 V)

(a}  When the solution of known magnesium activity was replaced with an
unknown solution, the potential was found to be 0.2041 V. what was the pMg of
this unknown solution?

{b)  Assuming an uncertainty of £ 0.002 V in the junction potential, what is the
range of Mg** activities within which the true value might be expected?

(c)  What is the relative error in [Mg*'] associated with the uncertainty in £,?
(4 pts) (a) Define Nernstian response in ion-selective electrode. (b) Define the
selectivity coefficient in ion-selective electrode?

(4 pts) Oxygen can be reduced to H,0, or H,0 via 2-electron or 4-electron
pathway. Rotational ring - disk electrodes (RRDE) is one of the best ways to
differentiate the mechanism of oxygen reduction. How one can use RRDE to

study the reduction mechanism of oxygen reduction.
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7. {4 pts) Cyclic voltammetry represents one of the most important methods to f g{é‘. ;
prohe the redox property of electrochemical system. Name three criteria with < ""
which one can diagnose the reversibility of a redox couple in voltammetry. wL "f;»

8. (5 pts) Stripping analysis using Hg electrode has been one of the most sensitive . j;::ﬂ ‘
methods in electrochemistry. What are the advantages of mercury electrode? } _ :"ie f

9. {5 pts) Differential pulse voltammetry is known to be more sensitive than M.. E }
traditional linear sweep voltammetry. Why is this so? “i;'{ [

10. (6 pts) Define (a} charging current in electrochemistry. (b} What factors
determine the magnitude of charging current? {c) Given the solution resistance
of 0.1 O and electrode capacitance of 30 pF, calculate the time needed to charge
up the electrode to 95% of its capacity.

11. (6 pts) A low-frequency sine wave voltage is the input to the following circuit.
Sketch the anticipated output of each circuit.

(a)
Ry
AN
Ri
Vi o My -
b0 v,
.
R = 10 KO and R = 100 KQ v
(b)

3
i}




