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h=6.626 x 10 J-s; k=1381x10% J/K; 1 amu = 1.661 x 1077 kg;
c=2.998 x 10¥ m/s; me = 9.109 x 103! kg; le=1.602x107C,
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Which range of the electromagnetic waves is mainly used in the NMR spectroscopy?

(A) Visible lights (B) Xrays (C) Radiofrequencies
{D) Microwaves (E) Infrared radiation

Light has a wavelength of 5.6 x 10> nm. What is the energy of a photon of this light?
(A) 2.53 x10'%] (B) 3.95x107%0] (C) 1.24x10°18]

(D) 118 x 107} (B) 3.55x1071%]

Which of the following statements are irue?

I. An excited atom can return to its ground state by absorbing electromagnetic radiation.

II, The energy of an atom is increased when electromagnetic radiation is emitted from it.

HI. The energy of electromagnetic radiation increases as its frequency increases.

IV. An electron in the » = 4 state in the hydrogen atom can go to the » = 2 state by emitting
electromagnetic radiation at the appropriate frequency,

V. The frequency and wavelength of electromagnetic radiation are inversely proportional to each other.
Ay HILV By ILHL IV (C) LI IV

(D) LI, 1m (B) 1L 1iv,V

The wavelength of light associated with the »n =2 to » = 1 electron transition in the hydrogen spectrum is
1.216 x 1077 m. By what coefficient should this wavelength be multiplied to obtain the wavelength
associated with the same electron transition in the Li** ion?

A 1 (B) 1/3 ) 1/4 (D) 1/7 (E) 1/9

For an electron in a one-dimensional box, what is the minimum energy to excite the electron from the
ground state?

(A) SHY8mlI? (B) 2h¥8ml? (C) H/8mlL?
(D) 3hH8mi? (E) 4h*/8mL*

What is the electron configuration for the chromium atom?

(A) [Kr] 4s'3dS (B) [Ar] 4s23d" (C) [Kr] 4s23d*
(D) [Ar] 4s'3d° (E) none of these

Consider the following sets of quantum numbers. Which set represents impossible combinations?

Ay n=1,1=0,m=0, my=+1/2 B)Y n=2,1=1,m=2, my=-1/2

(C) n=4,1=3, m=-2, m=-1/2 (D) n=3,1l=2, m=-1,m=-1/2

Which of the following statements is true about the ionization energy of Mg*?

(A) It will be equal to and opposite in sign to the electron affinity of Mg,

(B) It will be equal to and opposite in sign to the electron affinity of Mg™.

(C) It will be equal to the ionization energy of Li.

(D) It will be equal to and opposite in sign to the electron affinity of Mg?*.

(E) none of the above

A polished metal surface requires 1.75 x 1077 J to remove electrons via the photoelectric effect. When
photons with a wavelength of 237 nm strike the surface, what will be the kinetic energy of the gjected
electrons?

(A) 1.75x10°1%) (B) 1.01x10'8) (C) 839x 10}

(D) 6.64x10°] (E) none of the above
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12,

13.

14,

15.

16.

17.

18.

19.

Answer question 10 to 14 according the following information.

A general reaction written as 2A + 2B — C + 2D is studied and yields the following data.
[Ado (Blo Initial A[C]/At

0.100 M 0.100 M 4.00 x 107> mol/L-s

0.200 M 0.100 M 4.00 x 107> mol/L-s

0.100 M 0.200 M 8.00 x 107 mol/Ls

For the first of the reactions in the table of data, determine —A[B]/At.

(A) 8.00 %109 (B) 1.60x 104 (Cy 4.00 x [0°

(D) 2.00 x 107 (E} none of these

What is the order of the reaction with respect to B?

(A 3 (B 2 ) 4 (M 1 (E) 0

What is the overall order of the reaction?

(A) O (B) 2 <€) 3 (D) 4 (E) 1

What are the proper units for the rate constant for the reaction?

(A) L-mol"s™ (B) s (C) L¥mol s
(D) molL s (E) LEmol?s!

What is the numerical value of the rate constant?

(A) 4.00 x 107 (B) 4.00x 102 (C) 4.00 x 1073

(D) 4.00 x 10+ (E) none of these

Which process would take longest time?

(A) internal conversion (B) vibrational relaxation (C) intersystem crossing
(D) fluorescence (E) phosphorescence

Which partition function of energy states is least sensitive the temperature?

(A) electronic states (B) vibrational states (C) rotational states

(D) electronic spin states  (E) nuclear spin states

Based on the Boltzmann distribution and degeneracies, which kind of energy states does not populate the
most on the lowest energy state?

(A) electronic states (B) vibrational states (C) rotational states

(D) electronic spin states ~ (E) nuclear spin states

Which of the following statements is correct?

(A) The system does work on the surroundings when an ideal gas expands against a constant external
pressure.

(B) The internal energy of a system increases when more work is done by the system than heat is
flowing into the system.

(C) The internal energy of a system decreases when work is done on the system and heat is flowing into
the system.

(D) All the statements are true.

(EY All the statements are false.

When a student performs an endothermic reaction in a calorimeter, how (if any) does the calcuiated value
of AH differ from the actual value if the heat exchanged with the calorimeter is not taken into account?
(A) AH.a. is less positive because the reaction absorbs heat from the calorimeter.

(B) AH.u. equals the actual value because the calorimeter does not absorb heat,

(C) AH.u. is more negative because the calorimeter always absorbs heat from the reaction.

(D) AHarc is less negative because the calorimeter absorbs heat from the reaction.

(E) AH... is more positive because the reaction absorbs heat from the calorimeter.
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20. At 25°C, the following heats of reaction are known:

AH (kl/mol)
2CIF + Oy — Cl;0 + F20 167.4
2CIF; + 20; — CLO + 3F0 3414
2F2+ Oz — 2F.0 —43.4

At the same temperature, calculate AH for the following reaction:
CIF + F2 — CIF;
(A) ~217.5 kl/mol (B) —108.7 kl/mol (Cy +217.5 k)/mol
() —130.2 kFmol (E} none of these
Answer question 20 to 25 according the foHowing information,
The process HaOgy —  Ha0q, takes place at | atm and 95°C.
21. Whatisw?

(A) greater than zero (B) More information is needed.
(C) equal to zero {D) less than zero
22, Whatis g7
(A) greafer than zero {B) More information is needed.
(C) equal to zero (D) less than zero
23, What is AF?
(A} less than zero (B) More information is needed.
{C) greater than zero (D) equal to zero
24. What is AS?
{A) More information is needed. (B) less than zero
(C) equal to zero (D) greater than zero
25. What is AG?
(A) less than zero (B) equalto zero
(C) greater than zero (D) More information is needed.
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26.

27.

28.

AL

The “Precision” of an analytical procedure is not normally expressed as which of the following?

{A) Recovery

(B) Repeatability

(C) CV (coefficient of variation)

() RSD (relative standard deviation)

Which of the following statement about UV/Vis spectrophotometry is incorrect?

(A) The UV/Vis regions of the spectrum cover a range from approximately 200 to 800 nm.

(B) The measurement of light absorption by a solution of molecules is governed by the Beer-Lamber
Law.

(C) Most UV absorption of organics due to n-n* and n-n* transitions

(D) If more double bonds are present in a structure in conjugation, UV absorption takes place at shorter
wavelengths.

Which of the following parameter can increase column efficiency in liquid chromatography?

(A) Large particle size of stationary phase

(B) Decreased column length

(C) Low column temperature

(D) None of the above

SN MER (HBETNEBMB Y - M)

Define the following terms. (12 points, 3 peints for each term)

(A) Gradient elution

(B) Detection limit

(C) Electroosmotic flow

(D) Guard column

Please draw a schematic diagram of fluorescence spectrophotometer and briefly describe how does it
work? (10 points)

Please write three common detectors used in gas chromatography and briefly explain their detection
mechanism, (12 points)
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4.

Two neutral analytes (A and B) were separated by capillary electrophoresis using a buffer consisting of
50 mM phosphate buffer at pH 9.0. Separation voltage was set at 20 kV and separation temperature is
25 °C. Only one signat was observed in the electropherogram. (as shown in Fig.1)
(A) Please describe how to improve the resolution between A and B. (5 points)
(B) When analytes A and B were separated successfully, please describe how to identify these two
peaks. (5 points)
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Fig. 1. The electropherogram of two neutral analytes (A and B)







