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1. Explain the following terms with text and examples. ( 20pts)

( 2 ) Haloform reaction

(b ) Robinson annulation

{ ¢ ) Hofmann rearrangement
{ d) Claisen rearrangement

( ¢ ) Stork enamine reaction

1L Use appropriate reagents to complete the following transformations.
Several reagents may be needed for each transformation. (15pts)
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, 1. Use the following compounds as starting materials to complete the syntheses.
- Write down each reaction step. (30 pts )

- (a)
. OH OH
; : —_ : :cozu
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o : — . 0° : :
(e)
NH,
Br. Br

j CHs CH;

| 1V. What is the function of quaternary ammonium salt in the reaction below ? (6 pts )

CHCl, , NaOH o
Cl

—
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V. Propose mechanisms for the following reactions. ( 14 pts )

(a)
I
|
: N N
t‘ HNO,
i
i’ E 5 H,S0,
i
A
i O
; excess Bry , NaOH OH
CH;4 I —
: H
2

‘\'&J‘:A




SANPR NIE XV 2Rt S e

FHE AR (e i s L) | R
|

V1. Propose a compound structure based on the given spectral data. { 15 pts)
No points will be counted if no proper interpretation.
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1) Why is g-= AU only for a constant volume process? Is this formula valid if work

other than -V work is possible?

2) Under what conditions are AH and AU for a reaction involving gases identical?

3) You wish to measure the heat of sotution of NaCl in water. Would the calorimetric

technique of choice be at constant pressure or constant volume? Why?

4) Why is the efficiency of a Carnot heat engine the upper bound to the efficiency of

an internal combustion engine?

5) Under what conditions is ASy, < 0 for a spontancous process?

6) Under what conditions is d4 < 0a condition that defines the spontaneity of a

process?

7) Which thermodynamic state function gives a measure of the maximum electric

work that can be carried out in a fuel cell? Why?

8) Under what condition is K» = K,?

9) Why is the magnitude of the boiling point elevation less than that of the freezing
point depression?

10} Why are activity coefficients calculated using the Debye—Hiickel limiting law

always less than one?

11) Why is the zero point energy lower for a He atom in a same sized box than for an

electron?

12) Why does the energy of a rotating molecule depend on £, but not on m;?

13) A molecule in an excited state can decay to the ground state either by stimulated

emission or spontancous emission.  Use the Einstein coefficients to predict how the

relative probability of these processes changes as the frequency of the teansition
doubles.

14) Does the initial excitation in Raman spectroscopy take place to a stationary state
of the system? Explain your answer.

15) If a spectrai peak is broadened, can you always conclude that the excited state has
a short lifetime? Why?

16) If the probability density of finding the electron in the 15 orbital in the H atom
has its maximum value for r = 0, does this mean that the proton and electron are
located at the same point in space? Why?

17) erle an equation giving the relationship between the Rydberg constant for H and
for Li",

18) Why are MOs on heteronuclear diatomic molecules not labeled with gand u
subscripts?
19) The ground state of O} is X T1, and the next few excited states, in order of

increasing energy, are a'Il,, 4°[1,, 8°E;,7A,,*%;, and ¢*%;. On the basis of

selection rules, which of the excited states can be accessed from the ground state by
absorption of UV light?

20) Explain why two magnetic fields, a static field, and a radio-frequency field are
needed to carry out NMR experiments.

21) Why do clectronic degrees of freedom generally not contribute to the constant
volume heat capacity?

22} What is a half-life? Is the half-lifc for a first-order reaction dependent on
concentration?

23) What is the steady-state approximation, and when is this approximation
employed?

24) What is a transition state? How is the concept of a transition state used in
activated complex theory set?

25) What is the one main assumption in the Lindemann miechanism for unimolecular
reactions?
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1. SETCHAYET ¥ (Atomic number) it
2. ShTCAEIEE T8 (Blectron configuration) o
3 SRS T EA
U B RS IER EDR(Spin only) > FIFRERIE/\ P4 S 2 Sl RS
IE S G S YIRS (Magnetic moment)15 BM .
; 5. ST 3T HERBHBE S (Term symbol)L
' 6. NH;, CI, A1 HaN(CHz);NH, $Bil F(Ligand )l » BCALEE T4k 5 sigma GEHAORE
3 73(Sigma donating ability) » {RAH/ NS .
! 7. [CoCHNHy)s I A Y A
i 8. WRCALITHEA > B & TP R AL R
9. 0198 (Bond ordene

0. BRS>Fifi MR .
B PSS RO IR A 5858« (=)
(ﬂ) PCls + H, QO —

—
—

(b) 2PCis+8H,0 -»
(©  Hg+Zn{CHs), —
(d) S0, +6HF —
12, AR TRt s
TiCpH(CH3) + ROH — TiCp,(OR)(CHs) + H,
MnH(CO); +ROH — no reaction
AL o (Py43)
13 YIS IS S5 it AT SRR EBR - (s
(8} XeFs
L) $0:% -

14 i EH[Co(NHy ) AT AE R [BI(Orbital energy level) « (U443)
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(1) BeCl; 1 BCis
(b) -~ B{n-Butyl)s F[I B(t-Butyl)

16. Etf‘l’;\” Fe}l- 0.77V FeEI- -0.44V Fe

P e G 4 4 AL 4K Disproportionation) S 7 MAACHE - (749

[Fe(CON]™, [Fe(n*-CsHs),)*, LiAlH,
18. AR porphycin S5&%) LR BN » 07 TERRAEL T (Carrier)
(V443

20, LRSI FUIRHMSE R 2 F7160 » 1S HF 5 > DIUSEHY 15 s
B B89 2p, GURS RIS SYUR (bonding orbita )15 44414 (antibonding
orbital)ty 53T WIS EHERMBEIE © I3 H L TTEES HOMO WISIRRETE © (7550
21 FCaCIONF,)s T S8 & ISRAEIE ] - (743
| 22 TIME  SETAGURIS « TR RMS S H891 -
[Co(NFL)]™, [RA(NHs)s]™, [Ir(NH;)s]*, [Mn(OF)s], [NI(OHLy)*
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1. (a) What is the difference between qualitative and quantitative analysis? (4%)
{b) Explain the difference between systematic and random errors. (8%, 12% total)

2. Describe the preparation of 100 mL of 1.00 M HCI from a concentrated solution that has a
specific gravity of 1.18 and is 37 wt% HC1 (36.5 g/mol). (8%)

3. (a) Find the pH of a solution prepared by dissolving 12.43 g of Tris [(HOCH»);CNH;, 121.135
g/mol] plus 4.67 g of Tris hydrochloride [(HOCH,);CNH,*CI', 157.596 g/molj in 1.00 L of water

_ PEris - ner = 8.072 (6%)

| {b) If we add 12.0 mL of 1.00 M HCI to the solution in (a), what will be the new pH. (4%, 10%
total)

4. (a) Calculate the thermodynamic potential of the following cell and indicate whether if is

galvanic or electrolytic., (10%)
Pt U™ (0.200 M), UO,* (0.0150 M), H' (0.0300 M) 1

Fe™ (0.0100 M), Fe** (0.0250 M) | Pt
Fe'*+¢ & Fe¥ E'=0771V

i U0 +4H" +2¢” &> U™ +2H'0 E°=0334V

(b) Calculate the equilibriuim constant for the reaction

- U™+2H,0+2Fe™ &2 U +4HY +2Fe” (5%, 15% total)

H 3. Describe the basic operating principles of atomic emission, atomic absorption and atomic

! fluorescence spectroscopy. For each of these methods, what does one actually measure
experimentally? Also, for each of these methods, show quantitatively how the experimental
measurements relate to the concentration of the atomic species. (15%)

6. A 50.0-mL aliquot of well water is treated with an excess of KSCN and diluted to 100.0 mL.
Calculate the parts per million of iron(III) (55.9 g/mol) in the sample if the diluted solution has
an absorbance of 0.506 at 580 nm when measured in a 1.50-cm cell. The molar absorptivity of
FeSCN* is 7.00 x 10° L/om + mol at 580 nm. ($%)

{ 7. (a) How do gaseous and desorption. ionization sources for mass spectrometry differ? (6%)

(b) Describe the causes of the energy distribution of ions leaving ionization source. Why do
double-focusing mass spectrometers give narrow peaks and higher resolution? (6%, 12% total)

8. Define (a) selectivity factor (b) longitudinal diffusion (c) plate height (d) gradient elution in
liquid chromatography (e) electroosmotic flow. (20%)






