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Part I.

VBN

Section I (14 47): B2 (FEEA—HEREELE)

(1). A process can NEVER occur spontaneously at
constant temperature and pressure, if

(A) AS>0, and AH>0

(B) AS>0, and AH <0

(C) AS <0, and AH>0

(D) AS <0, and AH <0

(2). When gaseous HCl in the ground electronic state
absorbs infrared radiation, which of the following
changes in the vibrational quantum number, v, and the
rotational quantum number, J, are allowed?

(A) Av =2, AJ=0

B Av=1, AJ=0

O Av=1, AJ=1

D) Av=1, AJ=2

3). The phase diagram for the zinc-magnesium
system is shown below. A eutectic point is

represented by which point?
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(4). For a reaction of A—S—»B—X »c . 1f
kz<<k;, which of the following graph best describes
the time-courses of the concentration profiles?

Cone,

[4] [8

@) Time

Time

{5). At what temperature will the average kinetic
energy of SO,(g) molecules (M.W.=64 g/mol) be

.the same as that of Oy(g) molecules (M.W.=32

g/mol) at 300 K?
(A)300K
B)212K
(C)424K
D 150K
(E) 600 K

(6). Which of the following statement is false?

(A) For a system containing 0.01 M KCI solution, .

the process of liquid water freezing into ice at
0°C will occur spontaneously.

(B) In the case of 1 moles of Ar and 4 moles of N,
mixing together at constant T and P, the sign of
A8y, AH i, and AGyyy 1 (+, 0, ).

(C) For a spontaneous process at constant T and P,
AG” is always negative,

(D) The equilibrium constant can be calculated
from AG®.

(7). The energy-level diagram shown in the figure
below offers information on:

4 —20B

—12B

Energy

—6B
e 2B
-0

(A) energies of a particle in a one-dimensional box
(B) electronic energies of the hydrogen atom

(C) electronic energies of the hydrogen molecule
(D) bond length of a diatomic molecule

(E) vibrational energies of a diatomic molecule
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Section IT (36 57): RGIE

(16 pts) (A). Consider a one-dimensional particle-in-a-box éystém, where
Vix) = 0 for 0<x< L, but V{x) = oo for x>L, x<0
2 ( nrx K

It has a normalized solution of ¢, (x) =, |= sin —H] with E, = _’?ﬁf wheren=1,2,3...
L L 8mL

(Al). Given p, = —iﬁ%, calculate < p, >
(A2). Draw the probability density function for the lowest three energy levels for this system.

(A3). Now, consider the box is with finite depth, i.e. (k) = 0 for 0<x< L, but Vix) =V, for x>I,
x<0, roughly sketch the probability density function for the lowest three energy levels for this
finite system.

(Ad). Give a chemical example or application for this finite system, and explain how it is related
to the particle-in-a-box system.

(12 pts) (B). Curves (i) and (ii) are two isothermal curves. Now, heat an ideal gas from state a
through three different paths: path I through constant volume, path 2 through constant pressure,
and path 3 through an adiabatic process. Given the sign convention is that work done on the
system is positive, and heat adding to the system is positive.

4

()
(i)

(B1). Which process(es) returns with a positive ¢?
(B2). Which process(es) returns with a positive w?

(B3). Based on these processes, compare and explain the relative size of C, and C,.

(8 pts) (C). A two-state system consisting of N distinguishable particles. The energy of the
ground state is 0, and that of the excited state is &, (with g, >0).

(C1). Write the molecular partition function g.
(C2). Determine the total energy U.
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Part II. Analytical Chemistry (50%)
A BRA( 108 HBM2 5 - ERDERIF > K440 0.5 5)

(1) Which points in the titration curve (for a diprotic species shown 12
in the left) should the hydrolysis of weak acid be taken into
consideration to calculate the solution pH? 10
() @0 (OL)E® ()@ @e (e)®

(2) The isoelectric point for glycine (pK; 2.350, pK, 9.778) in a
solution of 5.0 mM glycine (Cgjycine) dissolved in pure water is
(a) PK, (b) PK;
(c) pI(Ky + Ky)/2] (d) ~log(JK; +K; )
(B) klog[JKlKZCglyc'mc + K}Kw ]

Kl + Cglycinc

solution pH

—~ N W hA W O N ® W
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(3) Which of the following aqueous solutions has the largest ionic strength?
(a) 0.100 M glucose (b) 0.050 M sodium nitrate (c) 0.050 M sodium sulfate
(d) 0.050 M sodium bromide (e) 0.050 M sodium hydroxide and 0.050 M hydrogen chloride

(4) Which of the following is applied to reduce the problem caused by the sample matrix?

(a) internal standards (b) standard hydrogen electrode
(c) standard curves (d) standardization
(e) standard deviation
(5) The wavelength selector in the scheme is a e i
(a) polychromator. (b) monochromator.
(c) interference filter. (d) interferometer. Light
(e) photodiode array. T

(6) Which of the following ionization methods are suitable for analytes with large molecular weights such as
proteins? @ EIL, @ CI, @ ESI, @ APCI, ® MALDI

(a) O@ (b) @® (c) @® (d)@ (e) @O
(7~10 3 i¥ ) Find the most appropriate answer from a~o.
(a) Arrhenius equation (b) Beer's law (c) blackbody radiation
(d) Boltzmann distribution (e) Brownian motion (f) Debye-Huckel equation
(g) Franck-Condon principle (h) Gaussian distribution (i) Hammett acidity function
(j) intersystem crossing (k) law of mass action (1) Henderson-Hasselbalch equation
(m) Nernst equation (n) Stokes equation (0) van Deemter equation

(7) The central concept for the preparation of buffer solutions.

(8) An important concept that explains the difference in the effect of temperature on the signal intensity of
AAS (Atomic Absorption Spectroscopy) and AES (Atomic Emission Spectroscopy).

(9) A concept that explains the relation between the absorption and emission spectra of a fluorophore (namely,
Aex < Aem).

(10) A concept that helps to derive the mobility of analytes in capillary electrophoresis.
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1. Write the equations for the propagation of uncertainty. (%A1 2 45 WA 5] 2 X F35 4+ & I EALR)
(@) [10.5 (£0.5)+ 15.50 (£ 0.95)] =26 (+ ?)
(b) log[8.50 (+ 0.07)] = 0.92942 (+ ?)

2. Give (i) the full name in English, (ii) the role of use (in the scope of chemical analysis), and (iii) the
analytical method for each of the substances, apparatus, and instrument components shown below. The
answers for (x) and (y) are given as examples. (5 /88 » 5812 4 > £ 12 )

{X) (8) (C) Pathway of (e) +10 volt s . o
itted ; erial shif
HOLC—. o CO, FAied Spkies 50 18 e direction
+, = insuiato electrode -2 s
HN™ ™ _NH @ ) [ e} () >
0,6—" /\\/ N—CO,H CO.K Dynode Transparent =T B, .
2 window 08 bl | B :
(i) ethylenediaminetetraacetic acid A ;
(li} a complexing reagent lectrons -egﬁ\ o H Image

(lii} complexiometric titration

Girill
Cathode

Anode

Eléctron

& hole |

‘direction

(P-daped S/

==
: by
) Electrical (@ %M M Fv.em;g;e
connection frequency Joad coil <& o pace . Ring
KCl(ag) Capillary : +V| <0V focus plane 0 V' zelectrodes V, (> 0V)
saturated injection tube | [,_,,_1' 2NN
with AgCI Plosma tube <7 L P
Coolant tube | 13 Sidizgon Gridi, M Grid,
g otmisin TRy o
cgt?_lteAd i Sample tube ~— T Deflector e b
Wiog Coolant gas inlet Gdd 7 enarzy > iy
porous plug Repeller [if :C1d .
(Vycor) Plasma gos inlet , . | !
D =2 grift region— i1
{i) silver/silver choride electrode oledg o Pieretl
{ii) a reference electrode J Tov
(i) valtammetry (or amperometry, electrochemistry, etc.) Sample aerosol inlet
3. The diagram shows the measurement of the solution pH by a glass
combination electrode with a silver/silver chloride reference i
electrode. The obtained result was ¥ = s; (n = 4). . Another =R
home-made pH electrode was prepared and used to measure the il
o I Air inlet
acidity of the same sample. The pH was found X%,+ s, (n = 5), L
According to mull hypothesis at the 95% confidence level, X; M8y, Mbuid lovel of auter __ i
_ N . reference electrode ~ §. [’
n=4)and X, (% sz, n=35)are not significantly different.
(a) (2%) Define combination electrode. Fiouigleyetor inner
(b) (3%) Define null hyporhesis. ;rkqueousl
7 . . I i
(¢) (2%) From the concept of significant figure, comment on the Ag wire ] i'a[tng?asfgg] Eﬂu
. . .3 |
meaning of the concentration, 0.1 M HCI, shown at the gelandie
lower right corner of the diagram. AgCl paste €& ) Solution
suspended leve! of

(d) 2%) If you become a teaching assistant and teach college

between -

analyte

students using a pH electrode, you will give students foldes Agwin in beaker

instructions on how to protect the electrode from being P R

damaged. Write down two important instructions. +KCI§S§ I Y
(e) (5%) Write equations to show the meaning of "According to null EY ok il A

hypothesis at the 95% confidence level, X (£s,n=4)
and X, (¥ sy, n=>5) are not significantly different.”
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Table 3-1  Summary of rules for propagation of unceriainty : i
: - R [
Funection Uncertainty Fanction”  Uncertainty? n—1
y=x¢ %e, = a%e, 1 . ts
y=x+x - Z T a y= e~(x-ip/20? p=Xt—
y=m-x @ Gt e o271 n
g = e 2% —_
y=logx ey 10 434 , B # ¥ —~% | mn,
Y =x0x e cajculated —
x Toe, = Toel + Poek, y=Inx ey, = :{ pooled m+n
= = —
2 2(x %)+ T (x; - %)?
" — setl set2
y= 10 <= (In10)e, ~ 23026 ¢, peote ny o+, =2
Y
. st(m ~1) +s3(n, = 1)
= B
yi=ed o A+ ny —2
a. X represeiis a varlable and a represents a constant thar has no uncertainzy,
bu e Jxis the relative error In x and e, is 100 % ¢ fx.
Values of Student’s ¢
Confidence level (%)
Degrees of freedom 50 90 95 98 99 9.5 99.9
1 1.000 6.314 12,706 31.821 63.657 127.32 636.619
2 0.816 2.920 4,303 6.965 9.925 14.089 31.598
3 0,765 2.353 3,182 4.541 5.841 7.453 12.924
4 0.741 2.132 2,776 3,747 4.604 5.598 8.610
-] 0.727 2.015 2.571 3,365 4.032 4.773 6.869
6 0.718 1,943 2.447 3.143 3.707 4317 5.959
7 0.711 1.895 2.365 2.998 3.500 4.029 5.408
8 0.706 1.860 2.306 2.896 8,355 3.832 5.041
9 0.703 1.833 2,262 2.821 3.250 3.690 4,781
10 0.700 1.812 2.228 2.764 3.169 3.581 4.587
15 0.691 1.753 4131 2.602 2.947 3.252 4.073
20 0.687 1.9 2.086 2.528 2.845 3.158 3.850
25 0.684 1.708 2.060 2.485 2,787 3,078 3.725
30 0.683 1.697 2,042 2,457 2.750 3.030 3.646
40 0,681 1,684 2.021 2.423 2.704 2.971 3.551
60 0.679 1.671 2.000 . 2,390 2,660 2915 3.460
120 0.677 1.658 1.980 2,358 2,617 . 2.860 3.373
o 0.674 1.645 1.960 2326 2.576 2.807 3.291

In calculating confidence intervals, & may be substituted for s in Equation 4-3 if you have a great deal of experience with a particular method and
have therefore determined its “true” population standard deviation. If o is used instead of 5, the value of 1 to use in Equation 4-3 comes from the

bottom row of this table.
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