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Heat —T—>  —— ldeagas

() EEE 52 (First law of thermodynamics), (9)
(b) {800 B ol S HERTE 42 A L) (Isothermal and reversible work), (9)

[2] §4FIFH Carnot Cycle fliERREA

(2) ELBSEHE (The efficiency of a heat engine), (9)
(b) #IJEAEE " E R (Second law of thermodynamies). (9)

(3] WA T 5 e e T

Scienlists have always had trouble describing the nature of light. In many
experiments light shows a definite wavelike character, but in many others light
seems 1o behave as a stream of photons. The dispersion of white light into
spectrum by a prism is an example of the first type of experiment, and the
photoelectric effect is an example of the second.  Because light appears wavelike
in some instances and particle-like in others, this disparity is referred to as the
wave-particle duality of light.  In 1924, a young French scientist named Louis de
Broglie reasoned that if light can display this wave-particle duality, then matter,
which certainly appears particlelike, might also display wavelike properties under
certain conditions.  This proposal is rather strange at first, but it does suggest a
nice symmetry in nature. Certainly if light can be particlelike at times, why
should matter not be wavelike at times?

(a) GREBFIERER ight appears wavelike in some instances and particle-like in
others "INIR S, (%)
(b) 5% de Broglie 7] wave-particle duality of light #5050, dEFIEIE

SHE—EES.Ix107 Ke, S 3x10° m/second YW T8y de

Broglie =7 (8)
()RR R I v] 5 (visible), 844 3 (ultraviolet) HEZET 4R e (infrared)
EE? HREE. (8)
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The Schrodinger equation is ow fimdamental equation of quantam chemistry, The
sobuion to the Schrodinger equation is called wave fincion  Solution to the time-
independent Schrodinger equation is called stafionawy-state wave fimction because it
is independent of fime. Many problems of imtevest o chemists can be treated by
using only statfonary-stats wave function. For example, a fres particls of mass m
that is restricted to lic along a one-dimensional iterval of kngth %, which is called "2

particle ina box™ . _
() L3rd wave fmcton ITZRAREARAH, (3)
() T stationary-state? R{AIFSRIRLPEIFIRFAILL stationary-state wave
fanction ZEHEIRT (8) _
(c) TR free particle™ZE L TR HEMNR 04 M-EEF(boundary condition)
Rz ;

{c.1) A three-dimensional box, (4)
(c2) A cyclic benzene ring.  (#)

15] B “Parficle in a one dimexnsional box" 15, “free particle™ T30 0r 32 BT,
LR A — A P Ry (F(x)=0; —w<x<+w).

(8) Wi free-particle FRERYTR, R Schrodingsr equation, (3)
(b) 22 FFIRL AR Schrodinger equation #IHE. (8) :

1727 5 b2
wlix1=ﬁ¢p[L2”—?~—x]; Wa(x)= 4y a{%]
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(1) Define the following terms. Ae{ry SR RETT i B T3 Lk
(a) biosensor (2%)

(b) ionic strength  (2%)

(c) buffer solution (2%)

(d) monochromator  (2%)

(e) solid-phase extraction (2%)
(f) partition chromatography (2%)

(2) Briefly describe the differences between the following terms.

(a) digestion and extraction (3%)

(b) precision and accuracy (3%)

(c) detection limit and sensitivity (3%)

(d) a working electrode and a counter electrode (3%)

(e) atomic absorption spectrometry and atomic emission spectrometry  (3%)

(3) Describe the general classification of column chromatographic method.
(5%)

(4) (a) What is capillary electrophoresis ? (5%)
(b) How capillary electrophoresis works ?  (5%)

(5) Describe the preparation of 100 mL of 6.0 M HCI from a concentrated
solution that has a specific gravity of 1.18 and is 37% (w/w) HCI ( 36.5 g/mol).
(10%)

(6) Calculate the pH change that takes place when a 100-mL portion of (a)
0.0500 M NaOH and (b) 0.0500 M HCl is added to 400 ml of a buffer solution
that is 0.200M in NH; and 0.300 M in NH.CI. (Ka for NH," is 5.70x107%; Kw is
1.00x10™)  (10%)

(7) A solution contains 0.0100 M 105, 0.0100 M I, 1.00x10 M I3, and pH 6.00
buffer. Consider the reactions

21057+ I"+12H" +10e" = I3 + 6H;0 E’=1210V

Iy +2e = 3 E°=0535V

(a)Write a balanced net reaction that can occur in this solution. (2%)

(b)Calculate E? and K for the reaction. (2%)

(c)Calculate E for the conditions given above. (2%)

(d)At what pH would the concentrations of 105, I, and |5 listed above be in
equilibrium. (2%)



(8) The purity of pharmaceutical preparation of sutfanilamide, CoHsN 0S5
{168.18 g/mol), can be determined by oxidizing the sulfur to SO, and bubbling
the 80, through H,0; to produce H.S04. The acid is then titrated with a
standard solution of NaOH to bromothymol blue end point, where both of
sulfuric acid's acidic protons have been neutralized. Calculate the purity of the
preparafion, given that a 0.5138-g sample required 48.13 mL of 0.1251 M
NaOH. (10%)

{8) Substances A and B have retention times of 16.40 and 17.83 min,
respectively, on a 30.0 cm column. An unvetained species passes throtugh the
column in 1.30 min. The peak widths (at base) for A and B are 1.1 and 1.21
min, respectively. Calculate:

(¢} the column resolution (2%}

(b} the average number of plates in the column  (2%) -

{c) the plate height (2%)

(d) the length of column required to achieve a resolution of 1.5 (2%)

(¢) the time required to elute substance B on the longer column  {2%)

{10) In the DPD colorimetric method for the free chiorine residual, which is :
reported as parts per million of Cl,, the oxidizing power of free chiorine

converts the coloriess amine N,N-diethyl-p-phenylenadiamine to a colored dye

that absorbs strongly over the wavelength range of 440-580 nm, Analysis of a

set of calibration standards gave the foliowing resuits

ppmCl ahsorbance
0 0.000
0.50 0.270
1.00 0.543
1.50 0.813
200 1.084

- A sample from a public water supply is analyzed to determine the free &It:rine
residual, glving an absorbance of 0.113. What is the free chlorine residual for
the sample in parts per million CL? (1 0%), -
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