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1. (5%) Gross error, systematic (or determinate) error, and random (or indeterminate)
error are three types of errors that affect measurement precision and accuracy.
How are systematic errors detected? In addition, which type 6f error cannot be

eliminated, but it may be reduced by better technique.

2. (10%) Two different analytical methods were used to determine lead in river water.
Both methods were used to the same samples, each collected from various
locations. The concentration of Pb in parts per billion (ppb) was determined using

the two methods, and the following results were obtained:

Sample Method A Method B
1 48.86 48.88
2 - 50.60 52.63
3 51.02 52.55
4 ; 47.99 50.94
5 | _ 54.20 53.02
6 50.66 50.66
7 4591 47.78
8 48.79 4844
9 . 47.76 | 48.92

10 51.13 51.63

(a) What type of ¢ test should be used to compare the two methods?

(b) Do the two methods give difference results at the 95% confidence level?




BrFEREIB3EFERALHELRIANL R

RATHEAR] L 5 IR EA S B R e

FAFE (REB) 1 2 471E22(2801)
£ 7 R %27 Hh[EE4) #5

Table 1. Values of £ for Various Levels of Probability
Degrees of

B e 80% 90%  95%  99%  99.9%
1 3.08 6.31 127 637 637
2 1.89 2.92 430 992 316
3 1.64 2.35 318 584 129
4 1.53 2.13 278 460 8.6l
5 1.48 2.02 257 403 6.87
6 1.44 1.94 245 371 5.96
7 1.42 1.90 236 350 541
8 1.40 1.86 231 336  5.04
9 1.38 1.83 226 3325 478
10 - 1.37 1.81 223 317 459

3. (4%) What is the molarity of K* in a solution that contains 63.3 ppm of
K3Fe(CN)s (329.3 g/mol)?

4. (4%) A 25.0-mL sample containing Cu®** gave an instrument signal of 23.6 units.
When 0.500 mL of 0.0287 M Cu(NO;3), was added to the solution, the signal
increased to 37.9 units. Calculate the molar concentration of Cu2* assuming that

the signal was directly proportional to the analyte concentration.

5. (7%) (a) What is the pH of a solution that is 0.200 M in NH; and 0.300 M in
NH4Cl. The acid dissociation constant K, for NHs* is 5.70 x 10°1°, (b) Calculate
the pH change if we add 100 mL of 0.0500 M NaOH to 400 mL of the buffer

solution that was described in (a)?
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6. (5%) Calculate the potential of the following cell. If the cell is short circuited,
indicate the direction of the spontaneous cell reaction.
SHE: Standard Hydrogen Electrode

Formic acid (HCOOH, K, = 1.8 x 10
SHE || HCOOH(0.1302 M), HCOO(0.0764 M) | Ha(1.00 atm), Pt

7. (5%) The presented experimental results describe the electrochemical process of
the insecticide parathion in 0.5 M pH 5 sodium acetate buffer in 50% ethanol.
Please specify the instrument used and the chemical reactions resulted in peaks A
B, and C.

Rxn 1: $NO; + 2¢ + 2H* — $NHOH
Rxn 2: §NO; + 4¢” + 4H* — $NHOH + H,0
Rxn 3: $NHOH —> ¢NO; + 2¢ + 2H*

NO
P. — \
H3C/\O// \o = ¢h02

O\/CH3

2

(93
f

A b

Current, pnA

3’ L [ s 1 o | e l_ ‘§
0.4 0 -04 -0.8 -1.2
Potential, V vs. Ag/AgCl
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(6%) Ion-selective electrodes (ISEs) are widely used in the analysis of anions like
bromide, chloride, and fluoride, or cations such as potassium, sodium, and
calcium in various samples, including environmental, industrial, and clinical

samples. Please explain the working principle of ISEs.

(6%) Compounds of Cu(Il) are generally colored, but compounds of Cu(l) are not.
Explain. The complex formed between Cu ion and 1,10-phenanthroline has a
molar absorptivity of 7000 L cm™ mol™! at 435 nm, the wavelength of maximum
absorption. Calculate the percent transmittance of a 6.77 x 10~ M solution of the

complex when measured in a 1.00-cm cell at 435 nm.

(4%) Select the spectroscopy technique below that is most significantly affected
by atomization temperature.

(A) Atomic absorption épectroscopy

(B) Atomic emission spectroscopy

(C) Atomic fluorescence spectroscopy

(D) X-ray absorption spectroscopy

(5%) The presented figure illustrates the flame absorbance profiles for three
elements: Cr, Mg, and Ag. Please explain the effects that give rise to the three

distinct absorbance profiles.

J
=
S
z
Cr
I
0 25 5.0

Height, cm
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12. (6%) What types of mass spectrometer are used in inductively coupled plasma

mass spectrometry (ICP-MS)? How do they differ from one another?

13. (6%) The presented spectrum illustrates the IR absorption of hexanoic acid. Please
specify the potential stretching vibrations accountable for peaks A, B, and C.
C-O stretching
C=0 stretching
O-H stretching (and C-H stretching)

&f 948

O-H
& Hexanoic acid 1296 binding
] 1419 (C)
s fHeang o
= H=C~C~C~C~C~C~0-H binding
n [ I T T |
= HHHHH
<
5
5
! 1721
01 ®B) ’
4d00 2600

Wavenumber (cm-!)

14. (10%) Below are typical optical spectra of an organic compound. Please identify
the spectra of (A), (B) and (C) for the different radiative transitions between
electronic states. In addition, explain why spectrum (A) and spectrum (B) are
almost mirror images of each other. Explain why spectrum (C) has a longer

wavelength than (B).
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15. (8%) Please match the most applicable substance type list below to each of the
chromatographic methods: (i) gas-liquid, (ii) ion-pair, (i) liquid-liquid (partition),
(iv) ion exchange, (v) gel permeation, (vi) gel filtration, (vii) gas-solid; and (viii)

liquid adsorption.

Types of substances: (a) low molecular weight gases, (b) volatile, thermal stable
substances; (c) ionic species, (d) ionic species using hydrophobic or nonpolar
stationary phases, (¢) non-volatile, thermal unstable compounds of low to
moderate molecular weights, (f) high molecular weight polar compounds, (g) high
molecular weight non-polar compounds, (h) low to moderate polarity solutes of

low to moderate molecular weight.

16. (4%) Please select the most suitable detector listed below for gas chromatography
(GC) analysis of organic pollutants such as (i) polycyclic aromatic hydrocarbons
(PAHs) and (ii) polychlorinated biphenyls (PCBs), as well as (iii) permanent gas
such as CO, CO2, CHs and Hy, and (iv) organophosphorus pesticides.

Types of detectors: (a) thermionic, (b) flame ionization, (c) thermal conductivity,

and (d) electron capture.
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17. (5%) The polarity order of the three compounds is A> B > C. Please predict the
elution order of them in the reversed-phase chromatography illustrated below. In

addition, how does the polarity of the mobile phase effect on the elution time?

Please fill in the blanks (a) and (b) with “high” or “medium”.

() _polarity mobile phase

AAA

Time

() polarity mobile phase

el F 1 Ty



