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1 = - 2

fi Periodic table of elements He

1.01 with atomic masses / u 4.00

3 4 5 6 7 8 9 10

Li Be B Cc M o F Ne

6.94 |9.01 10.81 |12.01 |14.01 [16.00 [19.00 |20.18

11 12 13 14 15 16 17 18

Na |Mg Al Si P S Cl |Ar

22.99 [24.31 26.98 |28.09 [30.97 |32.07 [35.45 139.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca |Sc |Ti Vv Cr |Mn |Fe |[Co |Ni Cu [Zn |Ga |Ge |As |Se [Br |Kr

39.10 |40.08 |44.96 |47.88 [50.94 |52.00 |54.94 |55.85 |58.93 |58.69 [63.55 [65.39 [69.72 |72.61 |74.92 |78.96 |79.90 |83.80

37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54

Rb |Sr |Y Zr |[Nb Mo |Tc |Ru [Rh |Pd |Ag |Cd |In Sn (Sb Te |l Xe

85.47 [87.62 |88.91 [91.22 |92.91 |95.94 [98.91 |101.07|102.91|106.42|107.87 |112.41|114.82(|118.71|121.76 | 127.60 | 126.90 | 131.29

55 56 57-71 |72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs |Ba Hf [Ta |W Re |Os |Ir Pt |Au |Hg |TI Pb |Bi Po |At |Rn

132.91|137.3 178.49 | 180.95 | 183.84 [ 186.21|190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.19 | 208.98 | 208.98 | 209.99 | 222.02

87 88 89-103(104 (105 |106 [107 [108 |109

Fr Ra Rf Db |Sg |Bh |Hs (Mt

223|226 261 |262 (263 [264 (265 [268
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La [Ce |Pr |[Nd [Pm |Sm |Eu |Gd |[Tb [Dy [Ho |Er |Tm (Yb |Lu
138.91|140.12 | 140.91 | 144.24 | 144.92|150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
89 90 91 92 93 94 95 96 97 98 99 100 {101 |[102 |103
Ac |Th |Pa |U Np |[Pu |[Am [Cm |Bk |Cf |Es |Fm (Md [No |[Lr
227 |232 |231 |238 |237 (244 (243 |247 |247 |251 [252 [257 |258 |259 262
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Fundamental Constants, Equations and Conversion Factors

Atomic mass unit 1 amu = 1.6605 x 10" kg
Avogadro’s number N=6.02 x 10" mol
Boltzmann’s constant k=1.3806503 x 10 JK '
Electron charge e=1.6022x10" C
Faraday’s constant F=9.6485 x 104 C mol "
Gas constant R=8.314JK mol =0.08205L«atmK mol
Mass of electron m,=9.11x10"" kg

Mass of neutron m,=1.67492716 x 10_27 kg
Mass of proton m,=1.67262158 x 10_27 kg
Planck’s constant h=6.63x10" Js

Speed of light c=3x10"ms’

Nernst equation (T = 298 K) E=E"-(0.0592/n) log K
Arrhenius equation k=A™
Clausius-Clapeyron equation InP=-AH,,/RT+B

De Broglie relation .=h/mv

Ideal gas equation PV =nRT

Free energy G=H-TS

E = hv

AG=AG'+RTInQ AG = - nFE
AU=qg+w w = - PAV

V(cylinder) = nr*h
V(sphere) = 4/3 nr®
A(sphere) = 4 nr?

10=10"m 1TW=1Js
1J=1kgm's" 1cal = 4.184 J
1Pa=1kgm s =1Nm" 1 bar =10 Pa

1 atm =1.01325 x 105 Pa = 760 mmHg (torr)
1 eV / molecule = 96.4853 kJ moI'1

Standard atmosphere = 101325 Pa

RT at 298.15 K = 2.4790 kJ mol "’
Pi (7) = 3.1415927






Country: Language:

Problem 1: Chemistry of Amides and Phenols

Total Scores: 38 points
1-1|1-2| 13|14 | 15| 1-6 | 1-7 | 1-8

Points | 4 4 4 4 6 4 8 4

Condensation of a carboxylic acid with an amine gives an amide product. For example,
condensation of formic acid with dimethylamine forms N,N-dimethylformamide (DMF), which can be
described as the following resonance structures.

©
O 0]
C.. .CH Cs®.cH
H/ \[Tl/ 3 H/ \I}l/ 3
CH3 CH3

1-1 Predict the order of melting points among N,N-dimethylformamide (compound A),
N-methylacetamide (CH;CONHCH;, compound B), and propionamide (CH;CH,CONH,,
compound C). Express your answer from high to low melting point as follows:

> > (Insert compound codes A, B, C)

1-2 Carbonyl groups are usually identified by their characteristic strong absorptions in
the infrared spectra. The position of the absorption is dependent on the strength of
the C=0 bond, which in turn is reflected in their bond lengths. In amides, the strength
of the carbonyl groups can be shown by the resonance structure noted above. For
example, cyclohexanone shows an absorption at 1715 cm™ for the carbonyl group
(C=0). In comparison with cyclohexanone, predict the absorption band for the
carbonyl group in propionamide. Select your answer from the following choices.

(a) 1660 cm™ because of the shorter carbonyl bond length
(b) 1660 cm™ because of the longer carbonyl bond length
(c) 1740 cm™ because of the shorter carbonyl bond length
(d) 1740 cm™ because of the longer carbonyl bond length
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1-3 Glycine (H;N-CH,-COOH) is an a-amino acid. Three glycine molecules can form a
tripeptide Gly-Gly-Gly via amide linkages, accompanied by elimination of two water
molecules. Draw the structural formula of this tripeptide.

1-4 When an a-amino acid contains a substituent, there is a possibility of optical isomers.
For example, L-alanine and D-alanine are two enantiomers. What is the number of all
possible linear tripeptides that can be formed from the following three amino acids:
glycine, L-alanine and D-alanine as the starting materials in the condensation

reaction?
@) O O
HoN H->N HsN
2 %OH 2 %OH 2 %J\OH
H H H CHj HC H
Glycine (Gly) L-Alanine (L-Ala) D-Alanine (D-Ala)

1-5 Among the tripeptides synthesized in 1-4, how many are optically active?

Nowadays, polyacrylamide gel associated with electrophoresis (PAGE) was widely used in
analyses of proteins and nucleic acids. However, one of the first applications of polyamide gel is
the separation of phenol compounds on thin-layer chromatography. The phenol compounds
bearing different substituents have varied acidities. The higher acidity results in stronger binding
to PAGE gel.

1-6  Predict the binding affinity of phenol (compound D), 4-methylphenol (compound E)
and 4-nitrophenol (compound F) with a polyamide gel. Express your answer from
high to low binding affinity as follows:

> > (Insert compound codes D, E, and F)

The absorption maximum of a molecule in its ultraviolet and visible spectrum (UV-vis spectrum) is
related to the number of conjugated double bonds in a chain. A compound containing more than 5
conjugated double bonds tends to absorb visible light, and hence shows the complementary color.

5
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For example, phenolphthalein is a commonly used acid-base indicator, which is colorless in acidic
and neutral solutions, but reddish pink in basic solutions (pH 8.3-10.0).

O _

concentrated H,SO,4 O OH

@ - SC, T
180°C, 5h O OH
HO

(@)

OH

Phenol
Phenolphthalein

Phenol Phenolphthalein
For translation: concentrated

1-7  Draw the structural formula of H derived from phenolphthalein that is attributable to
the reddish pink color in aqueous NaOH solution.

1-8 A simple way to prepare phenolphthalein is via condensation of compound G with 2
equivalents of phenol. What is the most effective reagent for G to accomplish this
transformation? Select your answer from the following compounds.

@ o ® o © o @ o © o

[IH [IH [IH [IEO [Iéo
H OH OH

0 0 O
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Problem 2: Organic Synthesis and Stereochemistry

Total Scores: 48 points
2-1|2-2 2324|2526 | 2-7| 2-8

Points | 4 8 6 6 6 8 6 4

Natural carbohydrates are generally produced by photosynthesis in plants. However, unnatural
carbohydrates can be prepared by organic synthesis. The following outline is a synthetic scheme

for the unnatural L-ribose (compound /).

CO,Me

0

0
_ 100 °C 0s0, HO. CoMe  Me2C(OMe),
o Il —— 22 o -

sealed tube H*, CH,COCH
CO,Me B COMe s 3

CO,H
CO,Me 2 COMe  \eOH
(minor) E (major)

MeOzC COzMe Meozc\n/o o COQMG HQ o) CHon
1 4  MCPBA o ?‘(_7/4 (1) MeOH/H* H,O* 1\<_7/4
\ /3 oL/ —— gy —> 3

pig liver JV CO,Me )V
/L \EiCOzMe esterase \ﬂi 2 \ﬂiCOzH O3
+

O
O
2 3 5 /
Sz sz 2) LiAlH,, then H,O — S =
K e T o
. 1 (L-ribose)
= G
For translation sealed tube = pig liver esterase =
(minor) = (major) =

2-1 Compound A has the molecular formula of C,,H;005, Draw the structural formula of
A.

2-2 Given the chemistry described for reaction sequence A to C, indicate whether the
following statements are true or false (Use T to represent true and F to represent
false).
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(a) OsO, is an oxidizing agent in the reaction of A to B.
____ (b) MeOH is generated as a by-product in the reaction of B to C.
(c) Protons act as the catalyst in the transformation of B to C.
____ (d) C will still be formed albeit in lower yields in the absence of Me,C(OMe),.

Pig liver esterase is an enzyme that can hydrolyze esters to carboxylic acids. Hydrolysis of C by
the pig liver esterase afforded an enantiomeric mixture of D and E, in which E was the major
component. The optical rotation of the mixture was [oc]D20 = -37.1°. Further purification by
recrystallization gave pure E with the optical rotation [OL]D20 =-49.0".

2-3 What is the molar ratio of D/E in the product mixture before the recrystallization?
Show your work.

2-4  Reaction of F with meta-chloroperbenzoic acid (MCPBA) afforded G as the product.
Indicate whether the following statements are true or false (Use T to represent true
and F to represent false).

_____(a) The reaction was to oxidize compound F.
_____(b) The oxygen atom inserted originated from MCPBA.
_____(c) The R/S notation of C-1 remained unchanged before and after the reaction.

The molecular formula of H is CgH4¢0s. Proton NMR data of H are listed as follows:

"H NMR (CDCl) 5 1.24 (s, 3H), 1.40 (s, 3H), 3.24 (m, 1 H), 3.35 (s, 3H), 3.58 (m, 2H), 4.33 (m, 1H);
4.50 (d, J = 6 Hz, 1H), 4.74 (d, J = 6 Hz, 1H), 4.89 (s, 1H).

2-5  Draw the configurational formula of H.

2-6 Assign R/S notations for compound | at C-1, C-2, C-3 and C-4. Give your answers
as follows:
Cc-1 ; C-2 ; C-3 ; C-4
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2-7 What are the identities of P, Q, R, S, T and U in the Fischer projection of compound |

(L-ribose)?

CH,OH

Disaccharides are compounds with two monosaccharide subunits linked together by a glycosidic
bond. Polysaccharides contain as few as ten, or as many as thousands, monosaccharide

subunits. An example of a disaccharides is as follows:

2-8 How many diastereoisomers would be obtained for pentasaccharide J, if it is derived

from five units of D-glucose?

OH
HT H
0 4
H—0
HO » H
H H/5

pentasaccharide J derived from D-glucose
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Problem 3: Organic Photochemistry and Photophysics

Total Scores: 36 points

3-1|3-2| 3-3

3-4

3-5|3-6| 37| 3-8

Points | 8 4 4

Crown ethers show size-dependent binding capability to alkali metal ions.

azacrowns A and B exhibit different binding constants for Na+, K+, and Cs .

For translation: Binding constant

>
w

Binding constant (logqq K)

Radius (pm)

Metal ion Radius (pm) Compound A Compound B
Na* 98 249 3.57
K* 133 1.83 5.00
Cs* 165 1.37 3.39
Metal ion
Compound

For example, the

Anthracene exhibits strong fluorescence with emission wavelength centered at 325 nm.

Combining the binding selectivity of azacrowns for alkali metal ions and the highly fluorescent

anthracene, a metal ion selective fluorescent sensor E has been developed.

3-1  Provide the structural formula of C and D in the following synthesis.

10
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\
10

(2) PCls /benzene o} Oj
K>,CO3

(0] (@)
SO,Cl N
(1)/@7 2 toluene K/él:)
OH HO 2

[ j pyridine ’
OK/O\)O (2) -BuOK* Q

HO(CH;),NH(CH,),OH

Y
10

For translation: benzene: pyridine: toluene:

For comparison studies, the anthracene derivatives F and G shown below were also synthesized.
These compounds E, F, and G are almost non-fluorescent in neutral conditions due to the strong
photoinduced electron transfer (PET) quenching process arising by donating nitrogen lone-pair
electron to the anthracene excited-state.

3-2 Upon adding aqueous HCI, which compound will exhibit strong fluorescence? Select
your answer from the following choices.
(a) none of them (b) Eand Fonly (c) G only (d) all of them

3-3 By adding one equivalent of potassium acetate into a dilute solution (10'5 M) of E, F,
and G in methanol, respectively, which compound will show the strongest

fluorescence? Select your answer from the following choices.
(a) E (b) E (c) G

1
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3-4 Upon adding one equivalent of metal acetate to a dilute solution of F, which metal
acetate will cause the strongest fluorescence? Select your answer from the following
choices.

(a) sodium acetate (b) potassium acetate (c)cesium acetate (d) doesn’t make any

difference

Upon irradiation with ultraviolet light, trans-stilbene is transformed into an intermediate H, which
undergoes a photocyclization to form dihydrophenanthrene |. Further oxidation of | gives

phenanthrene.

—> L» QOQ oxidation
— e — OO0

heat H H
trans-Stllbene | Phenanthrene

For translation:  ?trans-Stilbene Pheat ‘oxidation

3-5  Draw the structural formula of compound H?

3-6 What is the relative stereochemistry of the two H-atoms shown (cis or trans) in

compound 1?

Dihydroazulene derivative J exhibits interesting photochromic behavior.  Upon irradiation,

colorless dihydroazulene J undergoes photoinduced rearrangement to the corresponding
vinylheptafulvene K. The vinylheptafulvene undergoes thermal reversion to dihydroazulene.

CHs NC.1_CN
CN 2
i hv % CH,

heat 9 6

|
Ix

For translation: ®heat

12
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3-7 Which compound will absorb light with longer wavelength? Select your answer
from the following choices.
(aJ (b)K

3-8 Compound K can react with one equivalent of CF;CO,H to generate a stable aromatic
salt. Which position of K is most likely protonated? Select your answer from the
following choices.

(a) C-2 (b)C-3 (c)C-4 (d)C-5

13
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Problem 4: Gold Capital of Asia

Total Score: 42 points
4A-1 | 4A-2 | 4A-3 | 4A-4 | 4A-5 | 4A-6 | 4B-1 | 4B-2 | 4B-3 | 4B-4| 4B-5

Points 2 4 4 2 6 2 2 2 2 8 8

A

Chiufen, the old mining town located within the hills in the northeast Taiwan, is a place where you
can really experience Taiwan's historical legacy. It was the site of one of the largest gold mines In
Asia. Accordingly, Chiufen is often referred to as the Gold Capital of Asia. The compound KCN is
traditionally used to extract gold from ore. Gold dissolves in cyanide (CN ) solutions in the presence
of air to form Au(CN), , which is stable in aqueous solution.

4 Au(s) + 8 CN™(aq) + O,(g) + 2 H0O(I) 4 Au(CN), (aq) + 4 OH"(aq)

4A-1 Draw a structure for Au(CN),; showing the spatial arrangements of the atoms.

4A-2 How many grams of KCN are needed to extract 20 g of gold from ore? Show your
work.

Aqua regia, a 3:1 mixture (by volume) of concentrated hydrochloric acid and nitric acid, was
developed by the alchemists as a means to “dissolve” gold. The process is actually a redox
reaction with the following simplified chemical equation:

Au(s) + NOgz(aq) + CI"(aq) AuCly”(aq) + NO,(g)

4A-3 Write down the half reactions, and use them to obtain a balanced redox reaction for
this process.

4A-4 What are the oxidizing and reducing agents for 4A-3 process?

14
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Gold is too noble to react with nitric acid. However, gold does react with aqua regia because the

complex ion AuCl, forms. Consider the following half-reactions:

Aut*(ag) +3e" —  Au(s) Ec=+1.50 V
AuCl, (ag) +3e~ — Au(s) +4Cl (aq) Ec=+1.00V

An electrochemical cell can be formed from these two redox couples.

4A-5 Calculate the formation constant for AuCl, at 25 c:
K = [AuCl, ]/ [Au’ ] [CIT*

4A-6 The function of HCI is to provide CI . What is the purpose of the CI for the above
reaction. Select your answer from the following choices.
(a) CI" is an oxidizing agent
(b) CI" is a reducing agent
(c) CI” is a complexing agent
(d) CI" is a catalyst

B

Gold Nanoparticles

The synthesis and characterization of gold nanoparticles is currently an active research area. The
Brust-Schiffrin method for the synthesis of gold nanoparticle (AuNP) allows the facile preparation of
thermally stable and air-stable AuNPs of reduced polydispersity with a controlled size distribution
ranging in diameter between 1.5 and 5.2 nm. The preparative procedure is briefly described as
follows. An aqueous solution of HAuCl, is mixed with a toluene solution of tetra-n-octylammonium
bromide. The solution is mixed with dodecanethiol and is treated with an excess of NaBH.,.
Formation of the AuNPs is evidenced by the immediate, pronounced darkening of the toluene phase.
After ca. 24 h, the toluene solvent is removed with a rotary evaporator and the resulting solid washed
on a frit with ethanol and hexane to remove excess thiol. These AuNPs can be repeatedly isolated
and re-dissolved in common organic solvents without irreversible aggregation or decomposition.

4B-1 Is the methodology for this fabrication referred to a top-down or a bottom-up
approach? Select your answer from the following choices.
(a) top-down approach, which entails reducing the size of the smallest structures to
the nanoscale

(b) bottom-up approach, which involves manipulating individual atoms and molecules
15
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4B-2

4B-3

4B-4

4B-5

into nanostructures

The trimethyl-n-octylammonium bromide can also be used as a phase-transfer
reagent. It can carry AuCl, from an aqueous phase to an organic phase. Which
property does trimethyl-n-octylammonium bromide possess to function as an
efficient phase-transfer reagent? Select your answer from the following choices.

(a) one side of the molecule is electropositive, the other side is electronegative.

(b) one side of the molecule is hydrophilic, the other side is hydrophobic.

(c) one side of the molecule is acidic, the other side is basic.

What is the function of NaBH, in this preparation? Select your answer from the
following choices.

(a) reducing agent

(b) oxidizing agent

(c) neutralization agent

(d) complexing agent

If the average diameter of a gold nanoparticle is 3 nm, what is the estimated number
of Au atoms in each nanoparticle? (the atomic radius of Au is 0.144 nm). Select your

answer from the following choices and show your work.
(a) 10°
(b) 10°
(c) 10’
(d) 10°

What is the estimated percentage of Au atoms on the surface of a nanoparticle?
Select your answer from the following choices and show your work.

(a) 20-30%
(b) 40-50%
(c) 60-70%
(d) 80-90%

16
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Problem 5: Lewis Structure
Total Score: 21 points

5-1|5-2|5-3| 54|55

Points 2 4 4 6 5

5-1 Draw one Lewis structure for each of the following molecules.
(@) N:
(b) NH;
(c) O;
(d) SO;

5-2 Draw the Lewis structure of carbon monoxide and assign formal charges and
oxidation states to both the carbon and oxygen atoms in carbon monoxide.

Thiourea-S,S-dioxide, O,SC(NH,),, has the following skeletal structure

5-3  Draw the Lewis structure of thiourea-S,S-dioxide with zero formal charges on all
atoms.

5-4  Based on the Valence Shell Electron Pair Repulsion (VSEPR) model, what is the
geometry around the sulfur, carbon, and nitrogen according to the Lewis structure
you predicted from 5-3?

5-4a What is the geometry around the sulfur atom? Select your answer from the
following choices.

(a) trigonal pyramidal
17
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(b) triangular planar
(c) T-shape

5-4b Similarly, what is the geometry around the C-atom? Select your answer from
the following choices.

(a) trigonal pyramidal

(b) triangular planar

(c) T-shape

5-4c Finally, what is the geometry around the N-atom? Select your answer from the
following choices.

(a) trigonal pyramidal

(b) triangular planar

(c) T-shape

Molecular structure in the solid state is usually determined by X-ray diffraction analysis. According
to this method, the structure of thiourea-S,S-dioxide is shown below:

All the N, H atoms are coplanar with S, C atoms, and the dihedral angle between the OSO plane
and the SC(NH.), plane is 65 .

5-5 Draw the Lewis structure and resonance forms that are consistent with the geometry
determined.

18
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Problem 6: Alkalinity of Water and Solubility of CO,

Total Scores: 40 points

6-1

6-2

6-3 6-4 6-5

Points

4

4

6 6 4

The capacity of water to accept H'ions is called alkalinity. Alkalinity is important in water treatment
Generally, the basic species responsible for

and in the chemistry and biology of natural waters.

alkalinity in water are HCOj, 0032-, and OH. At pH values below 7, H in water detracts
significantly from alkalinity. Therefore, the complete equation for alkalinity in a medium where

HCO,, CO, ., and OH are the only contributors to alkalinity can be expressed as

alkalinity = [HCO5] + 2[CO5" ] + [OH] = [H']

The contributions made by different species to alkalinity depend upon pH. Relevant chemical

equations and equilibrium constants (at 298 K) are shown below:

CO2g) 2 COx4q)

COz(aq) + H,O 2 H,COs3

H,CO; @ HCOs + H'

HCO, = CO; +H'

CaCOs 2 Ca’ +COs

H0 2 H +OH

Koo, = 3.44x10"
3

KH2003 =2.00x10

4
Kot = 2.23x10

-1
Koo = 4.69x10

9
Ksp = 4.50x10

K, =1.00x10 "

Note: Calculations must be shown.

6-1 Natural waters (river or lake water) generally contain dissolved CO..
[H:CO;] : [HCO;] : [CO5"] in a water at [H'] = 1.00 x 10”7 M will be:

(a :1.00: _(b) . Calculate (a) and (b).

19
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6-2  Gaseous CO; in the atmosphere can be regarded as a contributor to the alkalinity of
water in equilibrium with air. Calculate the concentration of CO; ., (mol/L) in pure
water that is in equilibrium with the unpolluted air at 1.01 x 10° Pa and 298 K
containing 0.0360% (molar ratio) CO,. (assuming standard pressure = 1.01 x 10° Pa)

If you are unable to solve this problem, assume that concentration of CO; .q = 1.11x10° M for
further calculations.

The solubility (S) of CO, in water can be defined as S = [COy(sq)] + [H2CO3] + [HCO;] + [0032-].
The solubility of atmospheric CO, in water that is in equilibrium with the unpolluted air at 298 K and
1.01 x 10° Pa will vary with alkalinity.

6-3 Find the solubility of atmospheric CO; in pure water (mol/L). Neglect dissociation of

water.

6-4  Find the solubility of atmospheric CO; in water (mol/L) initially containing 1.00x10°
mol/L NaOH.

At 298 K, 1.01 x 10° Pa unpolluted air is in equilibrium with natural water saturated with CaCO;. The
following main equilibrium may exist:

CaCOsy) + COy s+ H:0 2 Ca” + 2HCO;

6-5 Calculate the equilibrium constant for the above equation.

If you are unable to solve this problem, assume that equilibrium constant K, = 5.00x10° for
further calculations.

6-6 Calculate the concentration of Ca2+ (mg/L) in CaCOs-saturated natural water that is in
equilibrium with atmospheric CO,.

20
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If you are unable to solve this problem, assume that concentration of Ca*" ;)= 40.1 mg/L for
further calculations.

6-7  Find the alkalinity (mol/L) of the above solution.

6-8 In an underground lake saturated with CaCO;, the water has a high content of CO,.

The concentration of Ca2+ in this lake was found to be as high as 100 mg/L. Assume
the lake and the air above is a closed system, calculate the effective pressure of CO,

(Pa) in air which is in equilibrium with this Ca2+ content.

21
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Problem 7: Kinetic Behavior of Ozone

Total Scores: 28oints
7-1 7-2 7-3 7-4 7-5

Points 6 6 6 4 6

Ozone (O,) is a form of oxygen. It is a natural component of the stratosphere, where it shields the
earth from life-destroying ultraviolet radiation. On absorbing light in this region, ozone is converted
to dioxygen molecules.

For the overall reaction of ozone decomposition,

203 —> 302

One of the proposed mechanisms is expressed as

k

0O, === 0+0, (1)
K1

0, +0 LN 20, (2)

where k1, k.1, and k, are the rate constants.

7-1  According to the above mechanism what are the differential rate equations for the
formation (or consumption) of O3, O,, and O at time t, assuming step 2 is irreversible.

7-2  Simplification in obtaining the rate law may be found by making appropriate
assumptions. Assuming that the concentration of O atoms reaches equilibrium
rapidly, its concentration may be given by the equilibrium constant of the reaction (1).
The second step is rate determining. Under this equilibrium approximation, deduce
the differential rate equation for the O; depletion as a function of O, and O3

concentrations.

22
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7-3

Another assumption frequently made is that the rates of oxygen atom production and
consumption are equal (this is called steady state). Under the steady state
approximation, that is d[O]/dt = 0, show that the rate equation is:
_ d[os] _ 2k1k2[03]2

dt  k4[0,]+k,[0;]

One pathway for the destruction of ozone (20; = 30,) in the upper atmosphere is catalyzed by

Freons. For instance, when CCI,F, (Freon-12) migrates to the upper atmosphere, the ultraviolet

photolysis of CCI,F, may give rise to Cl atoms according to the following reaction:

ccLF, s cF,cl+cl (3)

7-4

Chlorine atom can act as a catalyst for the destruction of ozone. The first slow step of
a Cl-catalyzed mechanism is proposed as follows:

Clg *+ O3 —> ClOyg + Oy (4)

Assuming a two-step mechanism, propose the second step in the mechanism.

The activation energy for Cl-catalyzed destruction of ozone is 2.1 kJ/mol, while the
activation energy for the reaction without the presence of catalyst is 14.0 kJ/mol.
Estimate the ratio of the rate constant for the catalyzed reaction to that for the
uncatalyzed reaction at 25 °C. Assume the frequency factor is the same for each
reaction.
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Problem 8: Protein Folding
Total Scores: 26 points
8-1|82)|83|84|85| 86| 87

Points 2 2 6 4 4 2 6

Most proteins exist usually only in two forms, the native form (N) and the unfolded form (U) when
they are thermally or chemically denatured, without appreciable concentrations of other stable
intermediates in equilibrium with the native and unfolded forms. For these proteins, the
folding-unfolding equilibrium can be described by the following simple chemical equation:

K(T)

where N and U denote the folded state (native state) and the unfolded state (denatured state) of the
protein, respectively. K(T) is the equilibrium constant for the process at absolute temperature T.

8-1 What is the equilibrium constant for the process when the native and denatured
states are present in equal proportions at equilibrium?

8-2 What is the standard free energy change of the process (AG°(T)) when the native and
denatured states are present in equal proportions at equilibrium? Express your

answer in Sl units.

8-3  If (Cn)eq and (Cy)eq denote the equilibrium concentrations of N and U in solution,
respectively, and C is the total concentration of the protein, the fraction of the total
protein that is unfolded under the equilibrium condition is given by f, = (Cy)es/C.
Deduce an expression for fy in terms of the equilibrium constant K. Show all work
on the answer sheet.
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When a protein is denatured by increasing the temperature of the solution, the fraction of the
unfolded protein increases with temperature, as shown in the following Figure.

\ 4

T1f2
— T
The mid-point of the denaturation curve is given by fy=%and T =T,,. The latter is often referred to

as the denaturation temperature. At temperatures higher than Ty, fyincreases above ', but at
temperatures lower than T+, fy decreases below V%.

8-4 What is the sign of AG°(T) at temperatures below and above T,,? Select your answer
from the following choices.
(a) Negative both below and above T,
(b) Positive both below and above T,
(c) Positive below T, but negative above T,
(d) Negative below T, but positive above T,

8-5 How does the standard Gibbs free energy change for the process vary when the
temperature (i) increases above T, and (ii) decreases below T,,? Select your answer
from the following choices.

(a) Decrease in both cases.
(b) Increase in both cases.
(c) Increases above T, but decreases below T,
(d) Decreases above T, but increases below T,

25






Country: Language:

The kinetics of unfolding and refolding of a protein has recently become an intense area of study.
We could rewrite the chemical equation for the process as follows:

Ks
Ky

where kr and k, denote the forward and backward reaction rate constants, respectively., assuming

N U

that both the forward and reverse processes are elementary steps that follow first-order kinetics.

8-6 For the simple chemical equation and elementary kinetic steps used to describe the
protein folding-unfolding process outlined above, what is the relationship between
equilibrium constant K and the rate constants krsand k,?

8-7 Derive a rate law for the overall process, that is dCy/dt in terms of only rate
constants, Cyand (Cy)eq.
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Name:

Problem 1: Chemistry of Amides and Phenols

1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 >
Total Points 4 4 4 4 6 4 8 4 38
Received
1-1

Express your answer from high to low melting point as follows:

(Insert compound codes A, B, C)

1-2 Answer for multiple choice question:

1-3 Draw the structural formula of tripeptide Gly-Gly-Gly






Code: Name:

The number of all possible linear tripeptides is:

1-5

The number of optically active linear tripeptides is:

1-6
Express your answer from high to low binding affinity as follows:

> > (Insert compound codes D, E, and F)

1-7 Draw the structural formula of compound H:

1-8  Answer for multiple choice question:






Code:

Name:

Problem 2: Organic Synthesis and Stereochemistry

Total Points 4 8 6 6 6 8 6 4

48

Received

2-1 Draw the structural formula of compound A.

2-2 TorF

(&) 0sOyis an oxidizing agent in the reaction of A to B.

(b) MeOH is generated as a by-product in the reaction of B to C.

(c) Protons act as the catalyst in the transformation of B to C.

(d) C will still be formed albeit in lower yields in the absence of Me,C(OMe)..

2-3  DIE ratio before recrystallization:

Show your work here






Code: Name:

TorF
(&) The reaction was to oxidize compound F.

(b) The oxygen atom inserted originated from MCPBA.

(c) The R/S notation of C-1 remained unchanged before and after the reaction.

2-5 Draw the configurational formula of compound H.

2-6  Give your answers as follows






Code: Name:

2-7

CHO P:
Q:

P__
Q R:
R=—S S:
T—T"U T:
CHon U:

2-8 The number of diastereoisomers of pentasaccharide is:






Code:

Name:

Problem 3: Organic Photochemistry and Photophysics

3-1

3-2

3-3

3-4 3-5 3-6 3-7

3-8

Total Points

36

Received

3-1 Draw the structural formula of C and D

3-2  Answer for multiple choice question:

3-3  Answer for multiple choice question:

3-4  Answer for multiple choice question:






Code: Name:

3-5 Draw the structural formula of compound H

3-6 (cis or trans)

3-7  Answer for multiple choice question:

3-8  Answer for multiple choice question:






Code: Name:
Problem 4: Gold Capital of Asia
4A-1| 4A-2 | 4A-3 | 4A-4 | 4A-5| 4A-6 | 4B-1 | 4B-2 | 4B-3 | 4B-4 | 4B-5 >
Total Points| 2 4 4 2 6 2 2 2 2 8 8 42
Received
4A-1 Draw a structure for Au(CN),
4A-2 Weight for KCN: g

Show your work here

4A-3






Code:

Name:

4A-4 oxidizing agent:

reducing agent:

4A-5 Formation constant K:

Show your calculations here

4A-6 Answer for multiple choice question:

10






Code: Name:

4B-1 Answer for multiple choice question:

4B-2 Answer for multiple choice question:

4B-3 Answer for multiple choice question:

4B-4 Answer for multiple choice question:

Show your work here

11






Code: Name:

4B-5 Answer for multiple choice question:

Show your work here

12






Code: Name:
Problem 5: Lewis Structure
5-1 5-2 5-3 5-4 5-5 >
Total Points 2 4 4 6 5 21
Received

5-1

5-2

5-3

13






Code:

Name:

Answer for multiple choice question 5-4a:

Answer for multiple choice question 5-4b:

Answer for multiple choice question 5-4c:

14






Code:

Name:

Problem 6: Alkalinity of Water and Solubility of CO,

6-1

62 | 63 | 64 | 65 | 66 | 67

6-8

Total Points

40

Received

6-1

Show your work here

[H,COs] : [HCO;]:[COs ] =

:1.00:

() (b)

15
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Name:

6-4

16






Code:

Name:

6-5

6-6

17






Code:

Name:

6-7

6-8

18






Code: Name:
Problem 7: Kinetic Behavior of Ozone
7-1 7-2 7-3 7-4 7-5 )3
Total Points 6 6 6 4 6 28
Received

7-1

7-2

19






Code:

Name:

7-4

20






Code: Name:
Problem 8: Protein Folding
81| 82| 83| 84| 85| 86| 87 >
Total Points 2 2 6 4 4 2 6 26
Received

8-1

8-2

21






Code: Name:

8-4  Answer for multiple choice question:

8-5 Answer for multiple choice question:

8-6

22
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Name:

8-7
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Code:

Name:

24






Code:

Name:
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Name:
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Name:
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Name:
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Code: Name:

Total Scores: 38 points

1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 >
Total Points 4 4 4 4 6 4 8 4 38
Received
1-1

The order of the melting pointsis: C>B > A
The resonance structure of amide shows a partial negative charge on oxygen and a partial positive

charge on nitrogen. Primary and secondary amides also participate in strong hydrogen bondings,
but not tertiary amide.

Ref. L. G. Wade, Jr., Organic Chemistry, 4th ed., p. 956.

Propionamide, mp =79 OC; N-methylacetamide, mp = 28 OC; N,N-dimethylformamide, mp = -61 °C.

1-2 (b) 1660 cm'1 due to a longer carbonyl bond length

|;| 0 |;| 0 @ O |;| 0
H,N\)LN/\II/N\)]\OH H3N\)j\l}l/\n/N\)l\Oe
H O H O

Gly-Gly-Gly or Gly-Gly-Gly

1-4  There are 27 possible tripeptides.






Code: Name:

1-5 Among them, 26 tripeptides are optically active.
Optically inactive tripeptide: HoN-GGG-OH

Optically active tripeptides: H,N-GG A-OH, H,N-GG A-OH, H,N-G AG-OH,
HoN-"AG A-OH, HoN--A"A’A-OH, and so on.

1-6  The relative binding strength with polyamide gel for phenol (compound D), 4-methylphenol
(compound E) and 4-nitrophenol (compound F)is: F>D > E
Ref. Raymond Chang Chemistry, p. 662.

K.-T. Wang J. Chin. Chem. Soc. 1959, 6, 73-79. Paper chromatography of phenols by
polyamide impregnated paper.

1-7

The acidity of phenols, J. McMurry Fundamentals of Organic Chemistry 5th ed., p. 249. The
range pH 8.3-10.0 for color change of phenolphthalein.

1-8

Ref. J. Chem. Soc. 1920, 117, 215. J. Med. Chem. 1999, 42, 2112-2124.






Code:

Name:

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 >
Total Points 4 8 6 6 6 8 6 4 48
Received
2-1
@)
COzMe
/1 /)
COQMe

Ref. J. Org. Chem. 1982, 47, 140-142.

2-2

TorF

_T (a) 0OsO,is an oxidizing agent in the reaction of A to B.

_ T (b) MeOH is generated as a by-product in the reaction of B to C.

_T (c) Protons act as the catalyst in the transformation of B to C.

_ T (d) C willstill be formed albeit in lower yields in the absence of Me,C(OMe),
2-3

12.1:87.90r12.2:87.8

Ref. Tetrahedron 1984, 145.






Code: Name:

2-4
TorF
T (@) The reaction was to oxidize compound F.
T (b) The oxygen atom inserted originated from MCPBA.
F_ (c) The R/S notation of C-1 remained unchanged before and after the reaction.
2-5

MeO,_ o ,CH20H

)&

= -

0]

><O

Ref. J. Org. Chem. 1990, 55, 3853-3857 ('H NMR data).

2-6 C-1: S ; C-2: S ; C3 R C-4: S
2-7
CHO
HO——H
HO——H
HO——H
CH,OH OH group for P, R and T, and H atom for Q, S and U.

No points at all if all the P, Q, R, S, T and U are assigned to OH group. No points at all if all the P, Q,

R, S, T and U are assigned to H atom.






Code: Name:
3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 )
Total Points 8 4 4 4 4 4 4 4 36
Received
3-1
_Cl
H,C N
0 0
c OO0 ()
0 0
o/
3-2

(d) all of them

(a) sodium acetate

3-5






Code: Name:

3-6

trans

37 (b)

Ix

3-8

(b) C-3






Code: Name:

4A-1 | 4A-2 | 4A-3 | 4A-4 | AA-5 | 4A-6 | 4B-1 | 4B-2 | 4B-3 | 4B-4 | 4B-5| ¥
Total Points| 2 4 4 2 6 2 2 2 2 8 8 42
Received
4A-1
[N=C—Au—C=N]

The structure of Au(CN), is linear.

4A-2 13.024 g

Calculation:
4 Au+ 8KCN + 0O, +2H,0 4 KAu(CN), + 4 KOH
20 g + 197 g/mol ~ 0.10 mol (Au)
0.10 mol x (8/4) x 65.12 g/mol = 13.024 g (KCN)

4A-3

Oxidation Au(s) + 4Cl (aq) —= AuCl, (aq) +3e-
Reduction 3 NOj; (aq) + 6 H*(agq) + 3e” — 3 NO,(g) + 3 H,0(l)

Au(s) + 3NO; (ag) + 6 H"(aq) + 4 Cl-(aq) == AuCl, (aq) + 3 NO,(g) + 3 H,O(l)






Code: Name:

4A-4 oxidizing agent: HNO3 or nitric acid

. reducing agent: Au

4A-5

25.42

K=10"%=26x10"

Calculation:

Au**(aq) +3e" —> AuU(s) Eo=+1.50 V
Au(s) +4Cl(ag) —> AuCl, (aq) +3 e —E°=-1.00V
—-3e

| | |
Au(s) + Autt(aq) + 4 Cl-(ag) —> AuUCl, (ag) + Au(s)  E°=+0.50 V
|

+3e
E =E°-(0.059/n)logQ
at equilibrium, Q =K, E=0, K=[AuClL]/[Au][CIT

25.42

E° = (0.059/n) logK, 0.50 = (0.059/3)logK, K=10""=26x10"

AG]_O + AGZO = AGQ,O
(—nFE;° ) + (—NFE;°) = —=RTInK

E° = (RT/nF)InK = (0.059/n)logK,  0.50 = (0.059/3)logK, K =10%**2 =26 x10%

4A-6 Answer for multiple choice question:  (c)






Code: Name:

4B-1  Answer for multiple choice question:  (b)

4B-2  Answer for multiple choice question: (b)

4B-3  Answer for multiple choice question:  (a)

4B-4 Answer for multiple choice question: (b) 10
Calculation:

.. . 3
Vaues = Ex 7T X T punps

3
VAu :§X7Z'X M

ﬂ X JT X r3 8 \ ’
N - VAuNPs _ 3 AuNPs _ [ Faunps ] — LIAO ~1000
J 1.44 A

Ny 4
VAu — X T X rA3u Au






Code: Name:

4B-5  Answer for multiple choice question: (b) 40-50%

Calculation:
Method 1:
3 - 3 . 3 _ 3
4/3 x tx FAuNPs — 4/3 x tx TR NAu CoFaunps = Fag X NAu
Surface area of a gold nanoparticle: Saunps = 47 FAUNPS>

. _ 2 2/3
. Saunps = 47 ray” Nag

2/3

Ns =~ Saups / T Fas® = 4 Nay
P~ Ng/ Nau= 4/ Np, "
Nau~ 1000

P~ 40%

or
Method 2:

. 3 : 3
V\A/uNPs _V\A/uNPs [ rA;JNPs ] _[ rArL-JNPs ] (15 Ajs —(12.12 AT
P~ — A x100%=—-—" A2 x100%= x100%~ 47%

3 o \3
AuNPs

V. Tanes (15 Aj

10






Code: Name:

5-1 5-2 5-3 5-4 5-5 >
Total Points 2 4 4 6 5 21
Received
5-1
“_ 8 :0—O
N .O._ )
/ | \ \ ®o \\O.o
: N=N : H H H ‘,Q. .
(a) (b) (c)

.0; "0
\>s= s=—0
"o( ¢!
(d) )

Comment: (a) and (b) are one point each; and in (c) and (d) at least two resonance forms are required

with 0.5 point for each. Dot, line and arrow sign are all correct answers.

6:6 :O:: .S)::b:' . ;)::I.O:. *
s ) . .0 .0
] O.. ..OO. T te
o . are all correct answers
But
6:6 .O.= \\ Q_O\ .
\o 0. -0

are incorrect answers

1






Code: Name:

5-2
H C: O : e~——re
2 points -C=0: acceptable
Formal charge C—1 ; O+1 one point (0.5 point each)
Oxidation state c” ; 0" one point (0.5 point each)
5-3
.0y \
L] \ _ /00
S—C
o // \ LN ]
‘0. N—
The structure / is correct.
D
L] \ _ / LN}
/S—C\
: N-
The structure / would have a formal charge and is incorrect.

5-4 S: (b) trigonal planar (2 point)

C: (b) trigonal planar (2 point)

N: (a) trigonal pyramidal (2 point)

12






Code: Name:

5-5

Lewis structure showing (1) negative charge at S, and (2) C=N double bond with positive charge at
N (or related resonance form): 3 points

Resonance form showing the delocalization of C=N double bond: (1 point)

Structure showing S—O dative bond: (1 point)

13
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6-1 6-2 6-3 6-4 6-5 6-6 6-7 6-8 >

Total Points 4 4 6 6 4 6 6 4 40

Received

6-1 (4 Points)

[H'] = 1.00x10" mol/L
Ka1 = [HCO5J[H ]/ [H2CO3] = 2.23x10™, [HCO5 )/ [HoCO3] = 2.23x10°
Ke2 = [COs JH']/ [HCO3] = 4.69x10™, [CO; J/ [HCO5] = 4.69x10"
[H,CO4] : [HCO5] : [CO5" ] = 4.48x10™ : 1.00 : 4.69x10" (4 points, 2 points for each)

(a) (b)

6-2 (4 Points)

Pco, = (1.01x10° Pa) x 3.60x10" = 36.36 Pa

[COsaq] = Kco, X Peo, = 0.0344 x (36.36 Pa/1.01x10° Pa) = 1.24x10” mol/L (4 points)

(If you are unable to solve this problem, assume that [COypq)] = 1.11x10° M for further
calculations.)

6-3(a) (6 Points)

Solubility = [COjaq)] + [H2COs] + [HCO5 ] + [CO5 ]

= [COyaq] + [HCO;] (3 points)

([H2CO35] = [COxaq)] X Kyco, = 2.48x10"° mol/L and [0032'] = Kaz2/ ([H)[HCO3]) = Kaz = 4.69x10™"

14
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mol/L, both can be neglected)
[H'[HCO5]/ [COsaqy] = KaiKh,co, = (2.23x10).(2.00x10°) = 4.46x10"

From 6-2, [COzaq] = 1.24x10" moliL,

[H] = [HCO5] = 2.35x10"° mol/L

~. Solubility = [CO(q)] + [HCO3] = 1.24x10° +2.35x10° = 1.48x10" moliL (3 points)

6-3(b) (6 Points)

(Using [CO2(;q)] = 1.11x1 0° M for calculation)

Solubility = [COyaq)] + [H2C03] + [HCO3] + [COs ]

= [COzag)] + [HCO3] (3 points)
([H2C03] = [COaq)] X Khyco, = 2.22x10” moliL and [0032'] = Kaz/ ([HJ[HCO3]) = Kap = 4.69x10™"
mol/L, both can be neglected)
[H'][HCO5]/ [CO2aq)] = KatKhco, = (2.23x10)-(2.00x10) = 4.46x10"

From 6-2, [CO2q] = 1.11x10” moliL,

[H] = [HCO:] = 2.225x10" mol/L

~. Solubility = [COyq)] + [HCO;] = 1.11x10" + 2.225x10° = 1.34x10”° moliL (3 points)

6-4(a) (6 Points)

(Using [CO4(zq)] = 1.24x10°° M for calculation)

15
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In 1.00x10'3 mol/L NaOH solution, the solubility of CO, will be much higher because of the following
reactions

(1) COzaq+ 20H 2 COs* + HO A= Kiyc0,x KarX Kazl(1.00x10 ) = 2.09x10"
(2) COya + COs™ + H,0 2 2HCOs A= Koo, X KatlKqz = 9.37x10°

Combining (1) and (2): COgaq + OH 2 HCOs A= 4.43x107

With such a large K value, all OH will finally be converted to HCOs ..
[HCO;] 1.00x10" mol/L (4 points)
[OH] = 1.82x10® mol/L
[H*] = 5.49x10™° mol/L
[COs*] = 8.54x10° mol/L

Solubility = [COxaq)] + [H2CO3] + [HCO5] + [CO;” ]

= [COgag] + [HCO3] + [CO;*] = 1.24x10° + 1.00x10" + 8.54x10°° = 1.02x10" mol/L (2 points)

6-4(b) (6 Points)

(Using [CO2(;q)] = 1.11x1 0° M for calculation)

In 1.00x10'3 mol/L NaOH solution, the solubility of CO, will be much higher because of the following
reactions

(1) COzaq+ 20H 2 COs* + HO A= Kiyc0,x KarX Kal(1.00x10 ) = 2.09x10"
(2) COya + COs™ + H,0 2 2HCOs A= Koo, X KatlKq = 9.37x10°

Combining (1) and (2): COgaq + OH 2 HCOs A= 4.43x107

With such a large K value, all OH will finally be converted to HCOj ..

16
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[HCO,]  1.00x10" mol/L (4 points)

[OH] = 1.82x10® mol/L
[H'] = 5.49x10™° mol/L

[COs%] = 8.54x10° mol/L

Solubility = [COyag)] + [H2CO3] + [HCO3] + [COs ]

= [COgaq] + [HCO;] + [CO2] = 1.11x10" + 1.00x10" + 8.54x10° = 1.02x10" moliL (2 points)

6-5 (4 Points)

Keq = Ksp X Kico, X Kat/Kaz = (4.50x10°%) x (2.00x10°®) x (2.23x107*)/(4.69x10™"") = 4.28x10°

(4 points)

(If you are unable to solve this problem, assume that K¢q = 5.00x10” for further calculations.)

6-6(a) (6 Points)

(Using K¢, = 4.28x10”° and [COy(,q] = 1.24x10™° M for calculation)

Mass balance : [HCO;3] = 2[Ca2+] (3 points)
-5 2+ -2 2+ 2+ 2

From 6-5, K = 4.28x10 = [Ca” ][HCO3] /[COzpaq] = [Ca” 1(2[Ca” ]) / [COzag)

From 6-2, [COzaq] = 1.24x10" moliL,

[Ca2+] = 0.510x10" mol/L = 20.5 mg/L (3 points)

6-6(b) (6 Points)
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(Using Keq = 5.00x10° and [CO5,q)] = 1.11x10°° M for calculation)

Mass balance : [HCO;3] = 2[Ca2+] (3 points)
-5 2+ -2 2+ 2+ 2

From 6-5, K = 5.00x10 = [Ca ][HCO;]/[COuusq] = [Ca” 1(2[Ca” ]) / [COxay)

From 6-2, [COzaq] = 1.11x10" moliL,

[Caz+] = 0.5177x10"° mol/L = 20.75mg/L (3 points)

6-6(c) (6 Points)

(Using Keq = 5.00x10”° and [CO5(,q)] = 1.24x10° M for calculation)

Mass balance : [HCO;] = 2[Ca2+] (3 points)
-5 2+ -2 2+ 2+ 2

From 6-5, K=5.00x10 =[Ca ][HCO3] /[COyaq] =[Ca 1(2[Ca ]) /[COzpaq]

From 6-2, [COx(aq)] = 1.24x10° mol/L,

[Ca2+] = 0.5372x10" mol/L = 21.53 mg/L (3 points)

6-6(d) (6 Points)

(Using K¢, = 4.28x10”° and [COy(,q)] = 1.11x10°° M for calculation)

Mass balance : [HCO;3] = 2[Ca2+] (3 points)
-5 2+ -2 2+ 2+ 2

From 6-5, K = 4.28x10" = [Ca’ JIHCO3 T /[COxaq] = [Ca’ 1(2[Ca"1)° / [COzaq)]

From 6-2, [COxaq] = 1.11x10" moliL,

[Ca’] = 0.4916x10" mol/L = 19.70 mg/L (3 points)

(If you are unable to solve this problem, assume that [Ca2+](aq) =40.1 mg/L for further
calculations.)

6-7 (6 Points)
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HCOj  is the major species in solution.

The pH of the solution can be estimated as pH = (pKa1 + pKa2)/2 = (3.65 + 10.33)/2 = 6.99 = 7.00,

where K,1 and Ky, are the dissociation constants of H,COs.

At pH 7.00, both [OH] and [H'] can be neglected. Besides, [CO5" ]<<[HCOs] (from 6-1)

Alkalinity = [HCO;] +2[CO32_] +[OH]=[H] = [HCOs] (3 points)

From 6-6, mass balance, [HCO,] = 2[Ca’ ] = (a) 1.02x10" mol/L (using [Ca**](sq from 6-6(a))

Alkalinity = (a) or (b) or (c) or (d) or (e)

(b) 1.035x10 mol/L (using [Caz"](aq) from 6-6(b))
(c) 1.0744x10°° mol/L (using [Ca*]aq) from 6-6(c))
(d) 0.9831x10°° mol/L (using [Ca**](aq) from 6-6(d))
(e) 2.00x10°® mol/L (assuming [Ca**](.q = 40.1mgI/L)

(3 points)

6-8(a) (4 Points)

(Using Keq = 4.28x1 0" for calculation)
Mass balance : [HCO,]=2[Ca’ ]

[Ca”] =100 mg/L = 2.50x10" mol/L

Inserting into Keq = 4.28x10" = [Ca’ JTHCO31"/ [COzaq)] = 41Ca*T/[COaq)]

[COpaq)] = 1.46x10” mol/L

(2 points)

Pco, = ([COzaq] / Kco,) X 1.01x10° Pa = 4.28x10° Pa (2 points)

6-8(b) (4 Points)

(Using Keq = 5.00x10" for calculation)

Mass balance : [HCO,]=2[Ca’ ]
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[Ca”] =100 mg/L = 2.50x10" mol/L
Inserting into Keq = 5.00x10" = [Ca’ JHCO31"/ [COzaq] = 41Ca*T/[COaq)]
[COsaq] = 1.25x10° mol/L (2 points)

Pc02 = ([COxaq)] / Kcoz) x 1.01x10° Pa = 3.67x10° Pa (2 points)
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7-1 7-2 7-3 7-4 7-5 >
Total Points 6 6 6 4 6 28
Received
7-1
_% = k,[0,]-k,[0][0,]+k,[0,][0]
_% — —k,[0,]+k_,[O1[0,]- 2k,[0,][O]
_% = —K,[0,]+k_,[0][0,]+ k,[0,][0]
7-2

Equilibrium constant K is expressed as

_0I0,]_ K,
01 K,
_ k,[O;]
o)
-k o,1i0) - ST
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7-3
_dio] _
dt
- kl[os] + kfl[o][oz] + kz[os][o] =0
Thus _d[0,] 2k;k,[05]°

= 2k2[03][o] - k,l[oz] + kz [03]

7-4  ClO(g) + Og(g)— Cl(g) + 202

7-5

According to equation

k=A exp (-Eo/RT),

the ratio of rate constants yields
Ratio=exp[(14.0-2.1)x1000/(8.314x298)]=122.
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Code: Name:
8-1 8-2 8-3 8-4 8-5 8-7 8-8 >
Total Points 2 2 6 4 4 2 6 26
Received
8-1 Ans: 1
8-2 Ans: 0 kJd/mol
8-3
eq eq €q
f _ CU _ CU / CN
U™ eq eq - eq, ~ed
Cy *+ Cy 1+ Cy'/Cy

8-4 (c) Positive below T+, but negative above T,

8-5 (d) Decreases above T+, , but increases below T+,
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8-6

Ans: K= kf/kb

8-7

Ans: dC,/dt = -(kf + kb) [Cu - (Cu)eq]

Show your work here

dCU/dt = kaN - kbCU

= kf(C - Cu) -koCyu = kiC-kiCyu—-k,Cy =kiC - (kf + kb)CU

K=kik, = (CU)eq/(CN)eq

1K =

=>
=>
=>

C=

Ko/ki = (CnN)eq/(Cu)eq

ko/ki + 1 = (CN)eq/(CU)eq + 1

(ko + k)/ki = [(Cn)eq + (Cu)eq)(Cu)eq
(kb + kf)/kf = C/(CU)eq

[(ko + kf) (Cu)eql/ ks

Now substitute C obtained from eq2 to eq1.

We get

>

Il
A4

k{[(Ko + Kf) (Cu)eq )/ Ke} — (ks + ko)Cu

[(Ko + kf) (Cu)eq ] — (ks + ko)Cu
- (ks + kp) [Cu- (Cu)eq]

So we get

dCU/dt =— (kf + kb) [CU - (CU)eq]

(2)
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Important Remarks

® The plastic bag you got upon entering the laboratory is the unknown samples for experiment 2.
Put it inside the basket on your bench for later use.

® At all times while you are in the laboratory you should wear safety spectacles or your own
spectacles if they have been approved.

® Eating of any kind of food is strictly prohibited in the laboratory.
® \When you enter the laboratory, check the place of the safety shower.

® Participants are expected to work safely, to behave socially and to keep equipment and work
environment clean. Do not hesitate to ask a laboratory assistant if you have any questions
concerning safety issues.

® Work may only begin when the start signal is given.

® You have 5 hours to complete all of the experimental tasks, and record your results on the
answer sheets. There will be a pre-warning 30 minutes before the end of your time. You must
stop your work immediately after the stop command is given. A delay in doing this by 5 minutes
will lead to cancellation of the current task and will result in zero points for that task.

® This practical examination comprises two experiments. In order to use the available
time efficiently, you will start working on the organic chemistry experiment up to the
point where you are instructed to work on the analytical chemistry experiment. Then
you will finish the work on the organic chemistry experiment. The second part of the
organic experiment (experiment 1) will need at least 1 hour.

® Use only the pen and calculator provided.

® \Write your name and personal identification code (in the back of your name card) on every
answer sheets.

® All results must be written in the answer boxes on the answer sheets. Data written elsewhere
will not be marked. Do not write anything in the back of your answer sheets. If you need more
paper for working or a replacement answer sheet, request it from the laboratory assistant.

® When you have finished the examination, you must put all answer sheets into the envelope
provided. Only papers in the envelope will be marked.

® Do not leave the examination room until you have permission to do so.
® Use only the tools provided.

® There are total 5 pages of answer sheets, 4 for organic and 1 for analytical experiment,
respectively.

® 4 blank draft papers (will not be marked) are provided, more are available on request
® An official English-language version is available only on request.

Disposal of waste chemicals, spills, and glassware

There are three waste containers in the lab, one for organic filtrates and organic washings, one for
solid wastes, and one for broken glass.

Cleaning up
Please keep your work area clean. Wipe your lab bench with a wet tissue when you are finished.
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Language

Country

1 = . 2

z Periodic table of elements He

1.01 with atomic masses / u i

3 4 5 6 7 8 9 10

Li Be B (o N (o) F Ne

6.94 [9.01 10.81 [12.01 |14.01 [16.00 [19.00 |20.18

11 12 13 14 15 16 17 18

Na (Mg Al Si P S Cl |Ar

2299 |24.31 26.08 (2809 [30.97 [32.07 |35.45 |39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca |Sc |[Ti \' Cr |[Mn (Fe [Co [Ni Cu |Zn |Ga |Ge |As |[Se |Br |[Kr

39.10 |40.08 |44.96 [47.88 |50.94 |52.00 [54.94 [55.85 |58.93 |58.69 [63.55 |65.39 [69.72 |72.61 |74.92 |78.96 (79.90 |83.80

37 38 39 40 41 42 43 |44 |45 46 |47 48 49 50 51 52 53 54

Rb |Sr |Y Zr Nb |[Mo [Tc¢ (Ru |Rh |Pd |Ag |Cd |In Sn |Sb (Te |I Xe

85.47 |87.62 |88.91 |91.22 [92.91 9594 |98.91 [101.07[102.91|106.42|107.87 [112.41|114.82(118.71|121.76 | 127.60 | 126.90 [ 131.29

55 56 57-71 |72 73 74 75 |76 77 78 79 80 81 82 83 84 85 |86

Cs |[Ba Hf |[Ta (W Re |Os |Ir Pt |Au |[Hg |TI Pb |Bi Po |At |Rn

132.91/137.3 178.49 | 180.95 | 183.84 | 186.21[190.23 [ 192.22 | 195.08 | 196.97 | 200.59 | 204.38 [ 207.19 | 208.98 | 208.98 | 209.99 | 222.02

87 88 89-103{104 (105 |[106 (107 [108 [109

Fr Ra Rf Db (Sg (Bh |Hs |Mt

223|226 261 |262 (263 |264 [265 268
57 58 59 60 |61 62 63 64 65 |66 67 68 69 70 71
La (Ce |[Pr |[Nd |[Pm (Sm |[Eu |Gd [Tb (Dy |Ho [Er |Tm |Yb |Lu
138.91140.12 | 140.91 | 144.24 [ 144.92 | 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
89 20 91 92 93 94 95 96 97 98 99 100 101 |102 (103
Ac |Th |Pa |U Np |[Pu |[Am |Cm Bk [Cf |Es |Fm (Md |[No |Lr
227 |232 |231 |238 |237 (244 |243 |247 |247 |251 (252 257 [258 |259 262
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Equipment list

Organic synthesis

equipment No. equipment No.
Hot plate/stirrer with stand 1 Weighing paper 10
Sample vial (20 mL)
Stirrer 2 (blue label labelled with your 1
student code and *H NMR)
Sample vial (20 mL)
Stirrer retriever Shared bY | (pink label labelled with your 1
P student code and [o]p)
Filtration pump Shared by Glass rod 1
2 persons
Clamp with holder 3 Spatula 2
thermometer 1 Septa 2
Pasteur pipette 5 Water bath (stainless steel) 1
Pipette bulb 2 Ice bath (Styrofoam) 1
Graduated cylinder (10 mL) 1 Needle 1
Graduated cylinder(25 mL) 1 Water bottle with Deionized H,O 1
Round bottom flask (25 mL) 1 Glove (cotton) 1 pair
Round bottom flask (50 mL) 1 Glove (latex) on central bench
Filter, Fritted (50 mL)
(labelled with your student code) ! Flask holder Lpe
Filter, Fritted (70 mL) 1 Paner towel 1 roll
(labelled with your student code) P
Filtration flask with rubber (250 mL) 1 Kimwipes 1 box
Condenser 1 Glass funnel 1
Teflon sleeve for condenser
(you can trim off 1 cm from the smaller 1 Beaker (800 mL) 1
end for a better fit)
Safety goggles 1 Beaker (400 mL) 1
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Chemical list

. formula Risk Safety
chemicals formula weight amount statements| statements
ethanol C,H.OH 46.07 50 mL 11 7-16
pre-mixed solvents i i
ethylene glycol:ethanol (2:9) (CH,OH), S0mL 22
: . written on
benzoylformic acid CsHgO4 150.13 sample vial 36/37/38 26-28-36
ammonium formate HCO,NH4 63.06 7.57¢g 36/37/38 26-36
written on sample
. vial (to be
D,L-phenylglycine CgHoNO;, 151.16 provided for step - 22-24/25
2)
Pentamethylcyclopentadien
-rhodi i [(CH3)sCsRh i 20/21/22,
glir:]rgdlum(lll) chloride, Cll, 37.2mg 36/37/38 26, 36
(1S)-(+)-10-camphorsulfoni 26-36/37/3
¢ acid (+)-(CSA) C10H1604S 232.30 1.80¢g 34 9-45
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Risk statements

R11
R 20
R 22
R 25
R 31
R 32
R 34
R 35
R 36
R 37
R 38
R 40
R 41
R 43
R 50
R 52
R 53

Highly flammable.

Harmful by inhalation.

Harmful if swallowed.

Toxic if swallowed.

Contact with acids liberates toxic gas.
Contact with acid liberates very toxic gas.
Causes burns.

Causes severe burns.

Irritating to eyes.

Irritating to respiratory system.

Irritating to skin.

Limited evidence of a carcinogenic effect
Risk of serious damage to the eyes.

May cause sensitization by skin contact.
Very toxic to aguatic organisms.

Harmful to aquatic organisms.

May cause long-term adverse effects in the aquatic environment.

Combination of risk statements

R 20/21/22
R 36/37/38

Harmful by inhalation, in contact with skin, and if swallowed.
Irritating to eyes, respiratory system and skin.

Safety statements

S7
S 13
S 16
S22
S 23

S$232
S 24
S 26
S 28
S 30
S 36
S 37
S39
S 41
S 45

S 60
S 61

Keep container tightly closed.

Keep away from food, drink and animal foodstuffs.

Keep away from sources of ignition - No smoking.

Do not breathe dust.

Do not breathe gas/fumes/vapour/spray (appropriate wording to be specified by the
manufacturer).

Do not breathe vapor.

Avoid contact with skin.

In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.
After contact with skin, wash immediately with plenty of soap-suds.

Never add water to this product.

Wear suitable protective clothing.

Wear suitable gloves.

Wear eye / face protection.

In case of fire and/or explosion do not breathe fumes.

In case of accident or if you feel unwell, seek medical advice immediately (show the label
where possible).

This material and its container must be disposed of as hazardous waste.

Avoid release to the environment. Refer to special instructions / Safety data sheets.

Combination of safety statements

S 24/25
S 36/37/39
S 36/37
S 37/39

Avoid contact with skin and eyes.

Wear suitable protective clothing, gloves and eye/face protection.
Wear suitable protective clothing and gloves.

Wear suitable gloves and eye/face protection.
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Experiment 1

The Synthesis of D,L-Phenylglycine and Its Enantiomeric Resolution

One of the enantiomeric forms of phenylglycine is an important raw material for the preparation
of  B-lactam antibiotics. Industrial production of optically active phenylglycine is prepared by the
Andeno process. The starting benzaldehyde was treated with HCN/NH; following hydrolysis to give
the racemic D,L-phenylglycine. The desired enantiomeric phenylglycine was then resolved by
(+)-camphorsulfonic acid [(+)-CSA].

0
1. HCN, NH;, Rh catalyst OH
2. Hydrolysi . HCOONH
LA SO LN D,L-Phenylglycine -
o}
Benzaldehyde D,L-phenylglycine Benzoylformic acid

In this experiment, you are going to synthesize racemic D,L-phenylglycine (also referred to as
R- and S- isomers, respectively) from an alternative method called reductive amination. Treatment
of benzoylformic acid under Rh metal catalyzed conditions gives D,L-phenylglycine. The racemic
D,L-phenylglycine is resolved by the treatment of (+)-CSA in water. The solubility of
D-phenylglycinee(+)-CSA salt is 5.75 g/100g H,O, while that of L-phenylglycinee(+)-CSA salt is
>150 g/100g H,0 at 25 °C. The chemical yield and the optical purity of the diastereomeric salt will
be measured.

EXPERIMENTAL PROCEDURE

Caution: You have to wear latex gloves during all operation for practical task 1.

Step 1. Preparation of D,L-phenylglycine

The following pre-weighted chemicals can be used directly without further weighing:
Benzoylformic Acid; Ammonium Formate; Rh Catalyst; (+)-camphorsulfonic acid [(+)-CSA].

1. To a 50 mL round-bottomed flask is added a magnetic stirring bar, pre-weighed (approximate
1.80 g, exact mass will be on your sample bottle, write down the mass on your answer sheet and
get the lab assistant to confirm the weight.) of benzoylformic acid (NOTE: irritant, do not

contact with skin), 7.57 g of ammonium formate (HCO,NH,), 37.2 mg of Rh catalyst (NOTE:
7
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the catalyst is wrapped in a weighing paper in a plastic bag. Handle with care!) and 22 mL
of the pre-mixed solvents at ambient temperature.

2. Put a reflux condenser (use the Teflon sleeve; you can trim off 1 cm from the smaller end for a
better fit) into the neck of the flask and plug the condenser with a septum. For pressure
equilibration, put a needle in the septum before starting the heating. Clamp the apparatus
tightly to the stand in your hot plate/stirrer. Put the flask onto a hot water bath [hot water
provided by the organizer] and stir the reaction mixture gently. (NOTE: the solvent is air cooled,
so there is no tap water running through the condenser.) The temperature of the water
bath needs to be maintained in the range of 68 to 72 "C by adjusting the thermostat of the hot
plate/stirrer.

3. The mixture will become cloudy and the color of the solution will change from clear yellowish to
dark-greenish when the product starts to precipitate (generally requiring 25 ~ 35 minutes). The
hot water bath should then be removed and the solution allowed to stir in the water bath
(ambient temperature) for an additional 10 minutes.

4. Add 15 mL of deionized water to the resulting mixture and stir for 10 minutes.

5. Pre-weigh the bigger fritted glass funnel (labelled with your student code), and get the lab
assistant to confirm the weight. Use the stir bar retriever to remove the stir bar. Collect the
product by filter suction through a fritted glass funnel under a reduced pressure (rotary aspirator
apparatus). Wash the solid four times thoroughly with ethanol (10 mL each). For each washing,
break the aspirator pressure, use a glass rod to perturb the solid when adding ethanol, and
reapply the rotary aspirator.

6. For rapid drying, you have to spread the product over the fritted glass funnel. For drying, give
the fritted glass funnel to the lab assistant. The product is dried in the oven at 100 'C for 1.5
hour.

During the drying period you can start working on Experiment 2 (Analytical
Experiment) and you will be notified when your product is ready. Step 2 of
experiment 1 will need at least 1 hour.

7. Weigh the dried product [(D,L)-phenylglycine], record the data and calculate the chemical yield

(based on the starting benzoylformic acid). Get the lab assistant to confirm the weight. The
8
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purity of the product will be determined by *H NMR spectrum analysis. Turn in the product in a
vial (blue label with *H NMR and your student code) to the lab assistant, and receive a new
batch of D,L-phenylglycine for step 2.

Step 2. Enantiomeric resolution of D,L-phenylglycine by (+)-camphorsulfonic acid

[(+)-CSA]

. To a 25 mL round-bottomed flask add the pre-weighed sample of D,L-phenylglycine provided
(The exact mass will be on your sample bottle, write down the mass on your answer sheet and
get the lab assistant to confirm the weight). To this, add the pre-weighed (+)-camphorsulfonic
acid [(+)-CSA] (1.80 g). Clamp the apparatus tightly to a stand in a magnetic stirrer. Add
deionized water (4 mL) and place the flask in a hot water bath and heat it to a temperature in the
range of 90 ~ 100 ‘C. Keep the mixture at this temperature for 10 minutes until it turns clear.

. Remove the hot water bath and allow the mixture to cool down to ambient temperature for
10~15 minutes. With the flask plugged with a septum, cool the flask in ice bath (Styroform) for
15 minutes. Crystals should appear in about 20 minutes, if not, you may ask for seed crystals to
induce the crystallization.

. Pre-weigh the smaller fritted glass funnel (labelled with your student code), and get the lab
assistant to confirm the weight. Collect the product by filtering the solution through a fritted glass
funnel under a reduced pressure. Wash the solid thoroughly two times with ice cooled distilled
water (5 mL each).

. For drying, give the fritted glass funnel to the lab assistant. The product will be dried over in oven
at 100 "C for 20 min. You will be notified when your product is ready. Weigh the product, and get
the lab assistant to confirm the weight. Record the data and calculate the chemical yield
(based on starting D,L-phenylglycine).

. The optical purity of the diastereomeric salt will be measured using an accurate polarimeter
apparatus by the examination committee. Transfer the dried product to a sample vial (pink label
labelled with [a]p and your student code) and give the sample vial to the lab assistant. The
organization committee will weigh an appropriate amount of the product (0.055 ~ 0.065g) for
measurement of optical purity.

The organization committee will weigh the resolved product (from the fritted glass funnel) for

students who fail to finish the procedure in time. However, 15 penalty points will be taken.

9





Country: Language:

Experiment 2

Identification of Unknown Inorganic Samples

Note

(1) This practical exercise is a kind of “spot test”. You can do it on the pallet or on a sheet of black
film (for white precipitate).

(2) Please check all items written in the equipment and reagent list.

(3) Please check carefully the code number of the unknown sample with the Check List
accompanied with your unknown samples.

(4) The volume of each unknown solution is about 1.5 mL (about 30 drops). No more reagents or
samples will be provided.

(5) Be sure to confirm your results before writing your answers in the blanks of the Answer Sheet.

(6) Make sure the switch on the battery box is closed.

(7) You will get 8 points for each correct identification.

Introduction
There are 12 unknown samples in your plastic bag : 9 unknown solutions are in droppers and 3

unknown solids are in vials. All unknown samples are numbered with a 3 digit code. Please check
the number with the List of Unknown Inorganic Samples carefully, then write your student code,
and name on the list. (The list is accompanied with your unknown samples) Each vial contains
about 20 mg of crystals or powder of one pure compound. Each dropper contains about 1.5 mL
solution of one pure compound dissolved in distilled water. The concentration of unknown solutions
is in the range of 0.05 to 0.5 M (mol/L).

The unknown samples are as follows:

HCI H,O, H,SO, ZnCl, NH;SCN
NaOH Na,CO; Na,SO; BaCIZ K4Fe(CN)6

Note

(1) Two unknown samples are duplicates.

(2) The hydrated H,O of crystal is omitted in the formulas listed above.

10
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On your lab bench, there is a plastic basket which contains the equipments, unknown samples,

and reagents to be used in this task.

Equipment list

equipment No. eguipment No.
Pt wire electrode 1 Au wire electrode 1
Battery case 1 Battery 2
Pallet 1 Black film (round) 1
Scissors 1 Dropper (1 mL) 5
Coffee stirrer 2
Reagent list

Reagent Conc. Reagent Conc.

Kl 0.1M pp (phenolphthalein) 0.01%
FeCl, 0.1M Starch solution 0.01%
Risk and safety statements
Chemicals Formula Risk statements Safety statements
Hydrochloric acid HCI 36/37/38 26
Sulfuric acid H,SO, 35 26-30-45
Sodium hydroxide solution NaOH 35 26-36/37/39-45
Hydrogen peroxide solution H,0, 22-41 26-39
Sodium carbonate solution Na,CO; 36 22-26
Barium chloride solution BaCl, 20-25 45
Sodium sulfite solution Na,SO3 31-36/37/38 26-36
Zinc chloride solution ZnCl, 22-34-50/53 26-36/37/39-45-60-61
Potassium K4Fe(CN)e 32 22-24/25
hexacyanoferrate (I1)
solution
Ammonium thiocyanate NH,SCN 20/21/22-32-52/53 13-61
solution
Iron (1) chloride (solid) FeCls 22-34 26-36/37/39-45
Potassium iodide (solid) Kl - 22-24/25 *
Starch solution - - -
Phenolphthalein indicator 40 36/37

11
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2-1 Use the four reagents provided and mutual reactions among the unknown samples, and the
simple electrolysis apparatus to identify each unknown sample, and write your answer (3 digit

code) in the blanks of your answer sheet.

Note
After you have finished your work, please put the two electrodes (Pt and Au wires) and two
batteries back in their original plastic bags, respectively, then return all equipment and reagents

(include unknown samples) to the original places (in the plastic basket).

2-2 In this practical work, you have performed a series of tests to identify (or confirm) the
unknowns. Show the reactions involved by way of chemical equations.

A. Write the electrolysis equation that would help you confirm that an unknown sample is

ZnC|2.
B. Write one equation that shows how to clean the deposit of Zn on the electrode (limited to

the items provided in this task).

12
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Experiment 1

The Synthesis of D,L-Phenylglycine and Its Optical Resolution

Total Scores: 100 points

1-1 1-2 1-3 1-4 1-5 >
Total Points 25 15 25 5 30 100
Received
Step 1. Preparation of (D,L)-phenylglycine

1-1 Confirmed and signed
by lab assistant

Weight of benzoylformic acid used: g gl

Weight of fritted glass funnel: g gl

After complete dryness:

Product weight + fritted glass funnel: g gl

[Weigh on a balance that reads to the nearest centigram (0.01g)].

Weight of D,L-phenylglycine obtained:

Chemical yield:

%

Calculate the chemical yield (% yield; show the calculations).

Recommended scoring standard:

Points

25

0

Yield

75%
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We will double check the calculations, 5 points will be taken off for the wrong calculations. Points
will be given based on the correct chemical yield.

1-2
Turn in the sample (in the vial with blue label).

Signature of student:

Signature of the lab assistant:

[The organization committee will weigh an appropriate amount of sample (0.01g) for 'H NMR
spectroscopic analysis.]

Recommended scoring standard:
Points

15 —

0
Impurity 5% 20%

Impurity may come from the ammonium formate and unknown side products. From our pilot
studies, most students will be able to get 15 points.

Step 2. Optical resolution of D,L-phenylglycine by (+)-camphorsulfonic acid [(+)-CSA]

1-3 Confirmed and signed

by lab assistant
Weight of D,L-phenylglycine used: g gl
Weight of fritted glass funnel: g g/






Code: Name:

After complete dryness:

Product weight + fritted glass funnel: g gl
[Weigh on a balance that reads to the nearest centigram (0.01g)].

Weight of the resolved phenylglycine e (+)-CSA salt: g

Chemical yield: %

Calculate the chemical yield (% yield; show the calculations).

Recommended scoring standard:

Points

25

30% 0%

We will double check the calculations, 5 points will be taken off for the wrong calculations. Points
will be given based on the correct chemical yield.

1-4

Draw the correct configuration formula (stereochemical structure) of the isolated phenylglycine.

1 i COOH

OH wH o

If only correct chemical structure is given (no stereo chemistry), 1 point is given.






Code: Name:

1-5
Specific rotation of the enantiomeric phenylglycine ¢ (+) CSA salt (to be determined by the

organization committee)

Turn in the sample (in the vial with pink label).

Signature of student:

Signature of the lab assistant:

[The organization committee will weigh an appropriate amount of sample (0.055 ~ 0.065g) for
measurement of optical purity.]

Recommended scoring standard:

Foints

0
[ol, -45 20

The organization committee will weigh the resolved product (from the fritted glass funnel) for
students who fail to finish the procedure in time. However, 15 penalty points will be taken.






Code:

Name:

Experiment 2

Identification of Unknown Inorganic Samples

Total Scores: 100 points

2-1 2-2 >
Total Points 96 4 100
Received
2-1
Unknown Code Unknown Code Unknown Code
Compound Number** Compound Number** Compound Number**
HCI , H,SO, , NH,SCN ,
NaOH s BaCI2 , K4F€(CN)6 ,
N82CO3 s ZnC|2 )
Na,SO; , H20, I

**Second column is for duplicates.

2-2

A. Write the electrolysis equation that would help you confirm that an unknown sample is ZnCls.

Zn*(agq) + 2Cl(aq) — Cly(aq) (anode) + Zn(s)

(deposit on cathode)

B. Write one equation that shows how to clean the deposit of Zn on the electrode (limited to the

items provided in this task).

Zn(s) + 2H*aq)

Ho(g) + Zn**(aq)

orzZn(s) + 20H(agq) — Hxa) + ZnO,*=(aq)






