k

AR A RMBLER o RN
rx .

EFRFEFE~EZER-EZ

2
RIFERE 114 LFERBLPEZHALEHA

RETILER] oA BB F R R

# B /X &5 3001
A F B - adieE

— R EEFIE—
1. $HEESE (F) L2 EFER - HBLBATEHE -

2. ZRMEH BAFLATAGMENRA  AFHFFBXBRAHPRH R
FoOBBRFHERABRAE RG22 RBEHRE - |
3-%i&ﬁ%%%iﬁ%i‘é%%%ﬁgJ@Wﬁg’RKW%%ﬂ

£ BEBERACZEMI LB FRER -

4, BEEXRMEFRFEKMWA -

5. BREETRAEMETETAAS  RAFEMANE HEERALL
REEZTE B EFRABA/ZETR wERFF (SR REHE
W) RASLHMERELMNBEEE  HAR—FaF L8787 -

6. HitBAERA ~ ERERERIHFX  FEFHMAELEAL THX
FEASRGANRERRERE: > EERAREHOELEEFE
Pk 5| mAG ki k o




<
=

EHE RS 114 ZF BRSPS RNERA
FREELaR) © AT EIREAH AT AT

ZXpHE (3001) @ 4#1cE

#$£_6_ A F_1_R e [ERE5] %

(4%) Water splitting, which involves the two half-reactions of proton reduction and
water oxidation, has been extensively studied for clean hydrogen production. In
theory, electrochemical water splitting requires a voltage of 1.23 V. However, in
practice, over 1.6 V is needed to drive the overall water splitting reaction. Please

explain the possible reasons behind this overpotential.

(12%) Please matches the following techniques: (i) cyclic voltammetry, (ii)
differential pulse voltammetry, (iii) chronoamperometry, v(iv) electrochemical
impedance spectroscopy, (V) square-wave voltammetry, and (vi) linear sweep

voltammetry with the corresponding electrochemical methods shown below.
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(6%) In atomic absorption spectroscopy, flame, graphite furnace, hydride
generation, and cold vapor are some representative atomization methods. Describe
why electrothermic atomization, hydride generation and cold vapor can achieve

higher sensitivity than flame atomization.
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4. (3%) Why are detection limits in inductively coupled plasma mass spectrometry

generally lower with double-focusing spectrometers than with quadrupole mass

spectrometers?

5. (6%) Describe the key components and arrangement of an instrument used for

fluorescence spectroscopic measurements.

6. (6%) UV-vis absorbance for 1x10* M MnO,", 1x10* M Cr,0,%", and an
unknown mixture of both (all in a 1.0-cm cell) are given below. Find the

concentration of each species in the mixture.

Wavelength (nm) ~ MnO,” standard ~ Cr,0,°” standard ~ Mixture

266 0.042 :0.410 0.766

320 0.168 0.158 0.422

7. (10%) The five widely used types of high-performance liquid chromatography are
listed below: (i) exclusion, (ii) adsorption, (iii) ion exchange, (iv) reversed-phase
partition, and (v) normal-phase partition. Please match each type to the most
suitable blank in the following figure.

Increasing polarity
Water-insoluble ‘ Water-soluble

Non-polar ] o ] . lonic
{  Nonionicpolar ‘'
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8. (4%) The effect of solvent variation on chromatograms is shown in the following
figure, illustrating the separation of analytes: (1) 9-10, anthraquinone; (2) 2-methyl-
9,10-anthraquinone; (3) 2-ethyl-9,10-anthraquinone; (4) 1,4-dimethyl-9,10-
antraquinone; (5) 2-z-butyl-9,10-anthraquinone. Please match the most suitable
solvent composition from the list below to each blank: (i) 70% methanol/30% water,
(ii) 60% methanol/40% water, (iii) 50% methanol/50% water, and (iv) 40%

methanol/60% water.

Inject

20 30 a0 50
Retention time, min

9. (6%) What are the differences between gas-liquid and gas-solid chromatography in
terms of their separation mechanisms? Which technique is more suitable for

separating permeant gases such as CO, CO2, Hz and methane?

10. (4%) Mass spectrometry is an extremely versatile detection system for gas
chromatography (GC). Interfacing a high-performance liquid chromatography
(HPLC) system to a mass spectrometry is a much more difficult task, however.
Describe the major reasons why it is more difficult to éombine HPLC with mass

spectrometry than it is to combine GC with mass spectrometry.
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11. (6%) Consult the table below and select an appropriate acid/base pair to prepare a

buffer with a pH of 7.4. Describe the procedure for preparing a 0.1 M buffer solution

with a pH of 7.4.

Chemicals Formula K K K

Acetic acid CH;COOH 1.75 x 10°

Phosphoric acid ~ H3PO4 7.11x10°  6.32x10% 45x1071
Tris (HOCHz);:CNH,  8.32 x 107

12. (6%) Plots (A) and (B) illustrate two common types of interference typically
encountered in real sample detection. Can these interferences be corrected using the

standard addition method? If so, how does the standard addition method work?

‘(A) Additive interference (B) Multiplicative interference

Signal
Signal

Analyte concentration Analyte concentration

13. (6%) Calculate the formation constant 'Kf for Ag(CN), :
Ag* +2CN~ = Ag(CN),~
if the cell

SCE|| Ag(CN),~ (7.5 x 103 M), CN~(0.025 M) | Ag) develops a potential of
-0.625V.

(The electrode potential of SCE is 0.244 V at 25°C)
(AgT +e” = Ag) E =+0.799V)
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14. (4%) Moving the cutoff criterion line is known to affect sensitivity and specificity
in opposing directions. In this case of improved sensitivity with reduced specificity,

either Cutoff Criterion 1 or Cutoff Criterion 2 should be selected.

/ Disease

False

1
]
t
I
l
negative ¢
i

False
positive

No disease Cutoff criterion 1

Cutoff criterion 2

15. (5%) The two figures below illustrate the effects of (A) ligand coordination number
and (B) analyte concentration on the shapes of complexometric and precipitation
titration curves, respectively. For complexometric titration (Figure A), it should be
noted that the overall formation constant for each product remains the same. Please
match the most appropriate items from the list below to each label:

Figure A (a to c): (i) unidentate, (ii) bidentate, (iii) tetradentate ligands
Figure B (a, b): (i) high NaCl concentration, (ii) low NaCl concentration
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16. (8%) If you are tasked with determining the sodium hydrogen carbonate content of -

an antacid tablet, based on following equations and the principle of gravimetric

volatilization procedure. Please fill in the blanks in the following figure.
NaHCOs(aq) + HyS04(ag) = COsg) + Hy00y + NaHSO4ag)
CaS0, + H,0 - Ca0 + H,S0,

2NaOH + €O, - Na,COs + H,0

Nitrogen

j‘f / Y oy el
> _!_cl_on non-fibrous _}ﬁ

silicate (Ascarite)

Reaction mixture containing
bicarbonate and & (3

Drying tube containing (b)

17. (4%) The figure below illustrates the effebt of electrolyte concentration on the
thickness of the double layer surrounding a colloidal AgCl particle in a solution

containing excess AgNOs, Please fill in the blanks with: (i) hlgh or (ii) low

electrolyte concentration.

(a) electrolyte (b) electrolyte
concentration concentration-
+0Q
[
5 -
S Large | Large
4 excess : : excess |
-& Q2 [¢ Small :
. excess
AgNO3
0 b
0

Distance from surface =———egm-




