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Round 4 (5 hours)

1. A6-coordinate complex may be obtained by crysialj anhydrous Cafrom THF solution
at 253 K. In contrast, when anhydrous Balcrystallized from THF at 253 K, a 7-coordinate
complex is isolated. Suggest structures for thedwraplexes. (6 points)

2. NMR spectroscopic data for [AIH(B#b], are consistent with the compound existing in two
forms in solution. One form is probably a dimer &nel other, a higher oligomer. Each species
possesses one boron environment, and in*BA8IMR spectrum, each species exhibits a binomial
quintet. The chemical shift of the signal for eaplecies in thé’Al NMR spectrum suggests an
octahedral environment for the Al atom. Suggestuctire for the dimer [AIH(BE)2], which is
consistent with these observations. (8 points)

3. The -form of Snk; is a cyclotetramer. Draw and describe its strgcturd give a description
of the bonding in this tetramer. (12 paints

4. (a) Salts of the cations 4%, and ASSe;” have been prepared starting withy®sor As-Se
alloys and using (as oxidants) the Lewis acidssAsFSbk. Draw structures for the cations and
anions that are formed in these reactions. (8 gpint

(b) What (different) products were obtained upordation of AsF, by SbCk, Cl,, or Bi?(6 pts)
(c) How does the structure of the starting mate&b, differ from its oxidized product, AS,™?

(4 pts)

5. POCk reacts with an excess of dimethylamine to yielshgoundA as the only
phosphorus-containing product. Equimolar amounts ahd'PrNH; react, eliminating
dimethylamine to giv® (shown below).
Pro NMe
N 2
O\\P/ \P/
/ \N/ \\o
MezN fpr
B

(i) Draw the structure ok. (3 points)
(i) Write a balanced equation for the formationfofrom POC} and MeNH. (3 points)



6. In recent years, hydrogen compounds with liggrtnent(s) have been received great attention as
potential fuel source. Compoud(XYH,), andB (XH) are potential hydrogen releasing materials.
HeatingA gives a solid compound and ga®. GasD turns wet litmus paper to blue. M
andB increase the hydrogen releasing ability. It falathree steps to release hydrogen.

2A. = C + D

D + B = A + H

C +B = E + H
A mixture of A andB at mole ratio of 1:2 completely releases its hgdrounder catalytic condition.
Total weight lost is 10.4%.
Hydrolysis ofA, C, andE produceF andD. Gis the binary compound of andY. The anion of
G is isoelectron to C© Decomposition oG produces and a colorless gas
Write down the formula oA, B, C, D, E, F, G, andl.

7. Is MnCr204 likely to have a normal or inversenspstructure? Describe your reasons in details.
(10%)

8. Explain why most d-block MS compounds have titessNstructure and only a limited number of
MS compounds has the NaCl structure. (10%)

9. Histidine is a triprotic acid (denoted asAd"); its three pi's are 2.0, 6.0, and 9.0, respectively.
Histidine is an essential amino acid for animald plants and its structure in the fully protonated
form is given below:

O
H'
/N I OH
+
HN NH;

The solubility of neutral histidine (HA) in wates poor. On the other hand, histidine hydrochlorides
(e.g., HA2HCI) are readily soluble in water. In the followiproblems, you may neglect the effect
of activity coefficient.

(a) In the structure of histidine shown above, lany central atoms use’$pybridization? How
many use sphybridization?

(b) Give the corresponding acid groups in histidorethe three pKs.

(c) A 40 mL solution is made by dissolving 4.a.0* mol of HA2HCI in water. Find the pH of the
solution?

(d) If 0.010 M NaOH is used to titrate the solutiar{C), find the pH of the solution after adding 1
mL of NaOH.

(e) If 40 mL NaOH is added in the titration in (Bind the pH of the solution.

() The average charge of an amino acid in aqusolugion can be obtained from the charge and
fraction of each species of amino acid. Give therage charge of histidine at pH 6.0.



(g9) Give the maximum and minimum average chargéistrdine.

(h) If the average charge of an amino acid in smiuis 0, the amino acid has no net migration in an
electric field and the pH at this point is call&éé isoelectric point. Find the isoelectric point of
histidine.

10. Copper ion and histidine ¢&*) can form stable 1:1 and 1:2 complexes.
CU +A ® CuA', K;=2.0" 1¢°; CUA"+ A ® CuAy,K,=4.0" 10"
Copper ion readily forms Cu(Okiprecipitate in aqueous solution; itgphs 3.2 10%°. The
existence of histidine and pH value can regulagectincentration of copper ion is solution. Answer
the following questions.
(a) Find the solubility of Cu(OHy)in pure water. Also find the pH of the saturatellison.
(b) For a solution containining 0.064 M €wand 0.128 M histidine buffered at pH 6.0, find the
concentrations of G, CuA", CuA, and A. (Hint: you may assume that almost alFCexists
in CuAy; you can also refer to problem 10(f) for the fractof A")
(c) In (b), will [CU¥] increase, decrease, or be unchanged when thé gtlution is lowered.
d) In (b), will [CU¥"] increase, decrease, or be unchanged when themwation of histidine is
increased.

11. This question is about the chemical bondinGla$™ cation and Pkimolecule

(a) Draw the molecular geometry for gHtation and Pkimolecule, and predict the hybridization
of the central atom according to valence bond theor

(b) The molecular orbital diagram for @Hcation and PEimolecule are given below. Write the
electron configuration for the two species, anchidg the HOMO and the LUMO for each species.
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(c) Generally according to valence bond theonardan atom cannot form more than 4 single



bonds. Experimentally the existence of hypervalift™ (carbonium ion), has been observed. How
could valence bond theory explain such phenomenon?

(d)Predict the electron configuration of €HCompare with Ckl and discuss whether GHexists
according to the molecular orbital theory.

12. The calculation of the residual entropy of @narystal is a famous and difficult problem. Each
water molecule has an oxygen atom with two hydregavalently bonded (at a smaller distance)
and two hydrogens on other molecules hydrogen lbtulé (at a larger distance). A large number
of coordinate states can be generated by movingytiegens around. For example, if one of the
hydrogen-bonded hydrogens is brought closer toe@ngbxygen and covalently bonded to it, one of
the covalently bonded hydrogens must move fartivalyaand become hydrogen bonded. Make a
crude first estimate of the residual entropy ofsmdlered ice crystal containing 1.000 mol of water
molecules by pretending that each oxygen can haveur hydrogens move independently of the
others, so long as two hydrogens are close taditwo are farther from it.

13. Estimate the pressure necessary to melt wal€x°€ if the molar volume of liquid water is
18.01 mL and the molar volume of ice is 19.64 mlDSfor the process is 22.04 J/K and you can
assume that these values remain relatively conatéimtemperature. You will need this conversion
factor: 1 Lbar =100 J.

14. All liquids have characteristic vapor pressuhed vary with temperature. The characteristic
vapor pressure for pure water at 22.0°C is 19.8&Hg and at 30.0°C is 31.824 mmHg. Use these
data to calculate the change in enthalpy per nasléhe vaporization process.

15. At suitable temperature range, the reactionhar@ism of hydrogen chloride and propene
includes three steps:

(1) HCIl + HCI = (HCI), K1

(2) HCIl + CH3-HC=CH2= complex K,

(3) (HCI), +complex Ch3-CHCI-CH3 + 2HCI k. (slow)

WhereK; andK; are the equilibrium constants for step (1) an¢gr@&ypectively. The rate constant
for step (3) i%k;.

(a) Write the reaction equation for hydrogen clilerand propene reaction.

(b) What is the rate law?

(c) Express rate constahd py K1, Ko, andk;.



16. The intrinsic viscosity, [ and its

relation to molecular mass of polystyrene in ateilu e 2 2:':1':)_?)‘3?) +0.49999x 1
cyclohexane solution is shown on right. b eSS e
Mark-Kuhn-Houwink-Sakurada equation }ﬂ 5

[ 1=KM2 (The unitof[ ]andM,are cifgand = [ ]
g/mol; respectively) was used to describe their = | g
relationship. ; i : : : : i
(a) What iK anda in the equation according to the 2 ; ' 4 ' 6 . 8 - 120 : o
figure. In(M,/kg mol™")

(b) If a solution has [ ] = 100 cni/g, what is theM,
for the polystyrene in the solution?

17. The cis-trans isomerization of Cr(€@H)," is as follow:

k
cis-Cr(en),(OH),* <:l> trans-Cr(en),(OH),"
kl

wherek; andk ; are the forward and reverse rate constants, risgglgcAt 25°C, the equilibrium,
K=16. The relaxation time, , was measured by relaxation method to be 290 slcu@tek;
andk ;.

18. Answer the questions about the following reacticheme.

OH OH O
! B | CHsli L 0 o
—_— 14H220;
o ! 0 Q o ! I, Heat
H &o H &o H
O,, rose bengal, hn MeO/<>V MoCl
then Ac,O

. O
then LiAlH, & E 2. KOH
O H

ﬂ (0]

; PPA
E —=CHL (cyHy00,) G
90
MeO
PPA: polyphosphoric acid
0] What would be the reagemsandB? (Choice one correct answer)

(a) A: (CH,0OH),, H"; B: H,CrO,, CH3COCHj,4
(b) A: (CHon)z, NaOH, B: H2CfO4, CH3COCH3
(c) A: (CH,OH),, H'; B: K,Cr,07, H", H,0

(d) A: (CH,OH),, NaOH; B: K,Cr,07, H*, H,0

(i) Which of the following conditions would be appragg forD? (Choice one correct answer)



(a) m-CICgH4CO3H

(b) O3, then Zn

(c) K,Cr,07, H*, H,0

(d) CrO3-2 pyridine

(i) Draw the structural formula @ (5 pts), E (5 pts)andF (5 pts).

(iv) What would be a possible structure of intermed®€Choice one correct answer)

(b)

19. A producH was isolated from the following reaction. Th& NMR of H is shown below. Write
the structural formula dfl. (5 pts)

@ "l
AICI

L

ppm



20. A product] was isolated from the reaction of aniline with essceromine. Th&H NMR is

shown as follow. Identify the structure &f (5 pts)
NH,

ij excess Br,

[¢]
~
(o))
[6)]
N
w
N
N
o

21. (i) Which of the following compounds shows ttighest reactivity toward electrophilic
aromatic substitution(s pts)

(@) (b) (©) (d)

OCHg
o) O OCH,
S NO2
(i) Which of the following is correct? pts)
(a) (b) ¢
| CO2H 1. HNOg, H,50, ¢
‘ N 1. C|2, FeC|3 ‘ ﬁ 2. CH3C|, A|C|3 ‘ N
~  2.KMnO _ 3. SnCly, H*
‘ e 4.N Oil H,0 ‘/ CHs
. Na ,
2 NH,
(d)
© 1. CH3COCI, AICI, - NO2 1. CH5COCI, AlCI, NO;
2. Zn/Hg = 2. HNOg, H2804
3. HNO3, H,S0, k 3. Hy/Pd
0

22. Longifolene (@H24) is the common name of a naturally occurring, bdyid hydrocarbon
found primarily in the high-boiling fraction of garular pine resins. Chemically, longifolene is a
tricyclic sesquiterpene. One of the synthesis afdifmlene started with treatment of methyl vinyl
ketone A) and 2-methylcyclohexa-1,3-dionB)(to giveC. Reaction of with base produced
(elemental analysis @: C,74.13%; H, 9.01%; O, 23.85%) which was treatét ethylene glycol



in acid (TsOH) to afforde (Cy13H1503). CompouncE reacted with P#PCHCH; followed by

mixing with OsQ to yieldF (C;5H2404). Compound- was first treated with TsCl in base and then
the mixture was heated in LiG@aCQ/solvent to generate a ring expansion prod¢CisH».0z3).
Treatment ofc with HCI(aq) at 100C producedd (Cy13H150,). There are four significant peaks
around 210, 199, 150 and 130 ppm on its C-13 NM#tspm. Compoun#i underwent a
cyclization reaction at high temperature in a sstédbe to yield (Cy3H150,), which was then
reacted with methyl iodide to give diketoh¢Cy4H200,). DiketoneJ underwent few steps to
furnish Longifolene (gsH»4). Draw the structures fa&, D, E, F, G, H, landJ (3 pt each foC to,

4 pt forJ)

AEEDS

i
l

23. Thromboxane (£2H340,) is a vasoconstrictor and a potent hypertensieatagnd it facilitates
platelet aggregation. It is in homeostatic balandke circulatory system with prostacyclin, a
related compound. The mechanism of secretion oftboxanes from platelets is still unclear.
There are two well-known types of the drug: Thromdote A2and Thromboxane B2. The
following is a synthetic approach to Thromboxane A2atment of 2,4-pentadien-1-olwithRCI
under basic conditions gave an intermediate whiab immediately subjected to the mixture of
ClsCOCI/zn. The reaction was heated to afford compduridlemental analysis &: C, 43.33; H,
3.64; Cl, 36.54; O, 16.49). CompouAdwvas reacted with Zn-Cu and the resulting mixtuaes w
mixed with MeOH in acidic conditions to gener&€¢CgH;6035) Compound was then treated
with MeC(OEt}under acidic conditions followed by addition of MOHClIgproducedC
(C11H1603). Reaction ofc with NaBH, in MeOH yieldedD (C;;H1503) D was treated with
Hg(OCOCRHR), followed by addition ofidto yieldE (C;;H17103)  Reaction o with NaN;
afforded F (G:H17N3O3) Compound F was further treated with &M@ followed by mixing with
a buffer solutionfiH = 4) to affordG (Cy1H1¢04). G shows peaks at 9.5 and 200 ppmiidrand**C
NMR spectra, respectivel was first treated with (Me@P(O)CHCO(CH,)4,CH;z then with



Zn(BH,).. to give compoundi after aqueous work-up and separation on flashnmolu
chromatography. Compourtl was then treated with DIBAL-H (a hydride donor) &8°C, then
with PhhPCH(CH,)3CO, followed by aqueous work-up to generate Thrombex®2(G1H340,4) (3
pt each for Ato G, 4 pt for H)

1. R3SiCllbase 1.Zn-Cu 1. MeC(OEt),/H*
/\/\/OH » —_— B —_—
2. CI;COCl, Zn, heat 2 MeOH/H* 2.1 M HCl(aq)
C, 43.33; H, 3.64; CaHO
CsHBO C|, 36.54; O, 16.49 CgH1603 163
NaBH,/MeOH
1. Hg(OCOCF3)
1. FSO3Me NaN; - D
G B F - E 2.1,
2. buffer pH - 4
CyiH1gOs p C14H17N303 Cq1H47105 Cy1H1g03
1. (MeO),P(0)CH,CO(CH.,),CH,/Base
2. Zn(BH4)2
3.H,0
(CH,);COOH

1. DIBAL-H/ - 78°C

H > CHy),CH
2. PhsPCH(CH,),CO,”  © OH( 2)CHs

C1gH3004
3. H+ Thromboxane A, CyqHz404

24. Draw the mechanism and product of each reacti¢2l points)

OH o]
HO"\%‘& )L
HO-) ) —_—

Qo “op  HiSOs
HO OH o]
HO-

o on H,S0,

o]
HO~ H )K
HO— l_-o
HO- H5504
"OH

25. Draw the mechanism of an amino acid with nimimydnd explain why ninhydrin can be used to
detect an amino acid. (10 points)

O i

[ 4
l-llN(|j] 1CO \| S OH
R Z OH

an amino 0

acid ninhydrin



26. Draw the reaction formula ofglucose with phenylhydrazine including the produatd
stoichiometry coefficients. Why-glucosep-mannose and-fructose give the same osazone
product? (9 points)



Round 4 Answers

1. (total 20 pts) (3 pts) (3 pts) (3 pts) (3 pts)
A: LiNH B: LiH C: Lio,NH D: NH3
(2 pts) (2 pts) (2 pts) (2 pts)
E: LisN F: LiOH G: LiN3 I: N2
2. (10 pts)

Normal spinel. In octahedral site,*¢d®) has large LFSE and Mh(d®) has no LFSE.
Therefore, MNnGiO, tend to form normal spinel structure.

3. (10 pts)

Most of the transition metal 2+ ions are soft. tSuwfft interaction (M"* S* ) tend to form NiAs
structure than the hard NaCl ionic structure.

4. (10 pts)

Caly(THF), Baly(THF)5
5. (10 pts) 6. (12 pts)
H H The solid state structure ofSnF, consists of puckered
H_B/\_H H/\B/H SnyF,4 rings with each Sn being trigonal pyramidal
J| | H i |\_| consistent with the presence -
H}"A'QH)'TQH of a lone pair. Each Sn has én
‘ J' h | an empty orbital and thus L /F/ \F\ J
H/B\ H/B\H behaves as a Lewis acid, F...--Sn\ /S“..,,'F
H which accepts electron F\ /F
density from the lone pairs f“
F 2

of its neighboring F atom.




7. (total 18 pts) (i)(8 pts)

+
As F -
E/ \\E Fo.,. | ...... F
M-
\ /E / F/|\F
AS\E7AS F
E=S, Se M = As, Sb
(ii) (6 pts)

The reactions ofSbCE, Cl,, and Bg produce AsX S:X, (X = Cl, Br)and sulfur

(iii) (4 pts)
_ -+
/As\
As—As
/1IN s \ s
s S S S \ S /
\ X / As /—-—As
As—As \S/
AsaS [As3S4]*
8. (total 10 pts) (i) (5 pts) (i) (5 pts)
? POCl; + 3 Me;NH — OP(NMe,); + 3 HCI

Re..
MezN/ \'NMez

NMe2




9. (total60 pts) (a) (6 pts)
5 s, and 5 sphybrids.

(b) (6 pts)
pK.= 6.0

pK= 9.0

—COOH: 2.0; -NH:6.0; -NH" 9.0

(c) (8 pts) (d) (8 pts)
2
2 X + . 3 5 _ X(0.0020+X) . _ 1 . 32
- X . y=IHT=6. : 102 =252y — [H] = 4.8” 103 M;
0.01C- x' [H1=6.2" 10°M; 0.008( - x H]
pH = 2.21 pH = 2.32
(e) (8 pts)
2 - 6
[H+]=\/10 %o 200050 _ o0 15y
10 % +0.0050
pH = 4.24
(f) (8 pts)

[H']® + Ki[H']? + KiKo[H '+ KiKoKs = 108 + 10 + 10% + 10V = 2 10"
a(H,A") =a(HA) = 0.5; (the percentage of;&** and Amay be neglected.)

average charge = +0.5

(9) (8 pts)
largest = +2; smallest = -1

(h) (8 pts)

When [HAT =[A7], pH = (pKo + pK3)/2 = 7.5

(a =0.03, 0.94, 0.03 for A", HA, A" average charge = 0)




10. (total 40 pts)

() (10 pts)

Ksp= 4¢; Solubility = [CF] =x=2.0" 107 M;
[OH]=2x=4.0" 10’ M; [H"]=2.5" 10® M; pH = 7.60

(b) (20 pts)

CU/" +2A ® CuA, K=8.0" 10" [CuA,] @0.064 M
a(A)=5" 10%at pH 6.0 (1(F)) 2[C¥] =[A)a(A) [Cu*]=x [A]=10%
_ 0.064

K W=8.0' 10® [Cu?1=2.0" 10°M [A]=2.0" 10°M
X

[CuA]

=———1_=20"1CF [CuA']=8.0" 10°M
[Cu™][A]

(c) (5 pts) (d) (5 pts)

[Cu?"] increase [Cu*] decrease

11. (20 pts) (a) (4 pts)
CHs": trigonal planar, sp
PHs, trigonal bipyrimidal, dsp

(b) (6 pts)
CHs": (1a))}(1e")’, HOMO=1e’, LUMO= 1a"
PHs : (1a’)’(1a") % (1e')(2a)?, HOMO=23’, LUMO= 2¢’
(c) (5 pts)

It can be explained by the “resonance” in the vedelmond theory.

(d) (5 pts)

Compare to Chf, CHs" have one more molecular orbital occupied, thg heolecular orbital,
which is a bonding molecular orbital so if €k stable (bond order > 0), the €ldhould also
be stable enough to exist.




12. (20 pts)
1.There are 2NA hydrogen atoms in a mole of ice.
2.Each hydrogen atom has the choice of two positdmsg its O--O axis. There are 22N
microstates.
3.Extra constraint: each oxygen atom has only twachttd hydrogen atoms.
If there is no constraint, there are 24=16 possablErangements for each @gtoup:

i

5.The number of microstates:

| N N N
i _92v(6Y _sv (3} _ (3
16 8 5

residual entropy is:

\
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o)
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\
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o)
o)
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\
o
B4

|

o

T
|
o)

3\ V4 3
S=kglnQ=kpln <2> = Rln ) =333J/K

o] T o I —0 o] I—0—T (o]
o—r © I—0 O I—0—I O
o

13 (10 pts)
H,O (s) == H,0 (£)
Clapeyron equation:
dP _ DS
dT "DV

DP _ 22.04 JK
-10K - 1.63" 10°L

DP =1.35" 1C® bar

14. (10 pts) plug in the data from question,
From Clapeyron equation

dP _DS _DH  DH n19827_ DH 1 1

— = - » = - -

dT DV TDV TV " 31.824 8.314 295.2 303.2
and ideal gas lawV =RT/p
dP _DH>p dp _Exﬂ we get:

dT - RT? p R T? DH = 44.01C J/mo
integrate, we get




15. (total 16 pts) (a) (3 pts)

HCl+CH; — CH=CH, > CH; —CHCl-CH,
% HCl+C;H, > C;H,CL

(b) (8 pts)
g2 Q) g
rate=k,[(HCD), ][4 4%2]
— k, x K, JHCIJ[HCI] x K,[HCIJ[CH ;s —CH = CH, ]
= k, K, K,[HCIP[CH,; — CH =CH, ]
— k[HCIP[CH; —CH = CH, ]

(c) (5 pts)
k = kKl K2

16. (14 pts) (a) (8 pts)

[ ]=KM/

In[ ]J(cm*g)=In K(cm®/g)+alnM, (g/mol)
=In K(cm®/g) +aln(1000)%+aInM, (kg/mol)
=In K(cm®g)+ In10° +alnM, (kg/mol)
=In10*¥K (cm®/g) +alnM, (kg/mol)

plot of In[ ] (cm¥g) vs IV, (kg/mol)
-- slope =a = 0.49999%= 0.5
- intercept = 1.0028 = In(fBK)
K =10 %et%028cm3/g=1030°5" 27189288 6" 102 cm®/g

[ 1=KM2
(b) (6 pts) ™ —([ ] )2 g/mol= (86 102)1/05g/mo| 1.3 10Pg/mol=1.3 106°g/mol
17. (1
(10 pts) T = 1 =2%s
k +k
k-5 _o16
jr‘—1
; =29} s
0.16k_ +k

k;=297x10s?
ki =K k;=0.16k; = 4.76 x 10 s?




18. (5 pts each total30 pts) | (ii) (d) (iv) (c)
(i) (&)
(iit) structure formula E: F:
C: H 0/3 H
5 | : O
0 25
5 J/;il(j Ho\r_l-l\ (T
= R
oo Vi
O o
ok ) E Meg s
O H T
19. (5 pts) 20. (5 pts)
Ho
H J |\ _Br
o
Br
21. (5 pts each total 10 pts) (i) (o)
() (d)
22. (3 pts (J 4 ptsjotal 25 pts)
C: C11H 603 D: CiiH140; E: C13H140;
O
Q 0\
L0 0
0" 0 o
F 0N G: oﬁ H:
0 0 | e o
0
@]
HJ 10
CliHEEO.‘
CysH,40, C.71.97:H, 8.86. 0, 19.17
C, 67.14; H,0.01; 0, 23 .85
J:
o)
o © O
CyHap Oy
CH0;, 1 C€.7633; H,9.15: 0. 1452




23. 3 pts (H 4 pts), total 25 pt

Uy

A: Cl B:  Meo C: 0
(@) Cl MeO — OH COzEt

= OR3 CyH 603

D: HO... E: G:
a~-.CCOzEt Q\/C/coza QL CO.E
Ci1H1g03 O 0
G: i~ H: o~
07 YCHO o (CH2)4CH;
OH

CigH3p04

24.( 7 pts 21 pts)

ﬁh %@
T RSO,

RNy _w {# IZXZ...\ o ><|<|_7 A ><°L‘E70

\\Ho - Q
& X\ ZoN
Ho o HO  ™“OH

trans-Diol: Not Formed

HO —OH “OH on iS04

HO- =0 OH O-—
OH

HO “OH
HO Y,

=5 S = . J’\ <27 X
Hg& |® @

H
OH (steps) i

T < o
. OH
HO _on o b e A )( ,o )( o
A § o 2| (¥ o 1
HO- — o \ Q HO “on H2SOs \,
- H,S0, n HO O

HO OH “ .
HO: "OH HO "“OH X
\




25. (10 pts)

26. (9 pts)
HC=0
H OH ‘L trafe
HO i, + 3NHNH —H
H—OH T o B
/ CH,OH

o-glucose BE— %

HC=NN HC6H5

C=NNHC¢H;
"1 on #
H OH
CH,0OH
the osazone of p-glucose
Crystalline

NH,

+ NH; + 2H,0




27. (total 40 pts) (a) (8 pts) The Genetid€
codorf®base
A G C U
codon A Ala Glu Trp lle
1* base G Gly Lys Stop Phe
C Pro Arg Leu Asn
U Tyr Val Ser His

(b) (6 pts) (5') GAAG GG CU AU CC UU AU CAAA GC

(c) (4 pts) Gly- Glu-Lys-Asn- lle- Leu- His- lle- Pro- Ala- stop

(d) (4 pts)
The codons translate to Stop- His- Tyr. No pepiwdeld be produced, because of the stop cod

on.

(e) (6 pts) Two distinct proteins of these sizesudth require mMRNA of 240 and 160 base pairs,
because each amino acid residue requires 2 basesgeode for it.

(f) (6 pts) No homology means that the smallerg@rotannot be derived from the larger by

proteolysis; if it were, there would be 80 aminadaesidues of identical sequence in the two
proteins. One possible explanation is that thedgenes coding for these proteins overlap and ¢
read in different reading frames.

ire

(9) (6 pts) Lysine MW=146; when it condenses lddg® MW=18 to form a peptide bond, the
resulting residue contributes 146-18=128
128/1.05%=12190

28. (total 20 pts) (a) (2 pts) The bacterial DNAusion has the higher Tm because it has the
higher G + C content. G-C basepairs have 3 hydrbgeds whereas A-T basepairs have only

(b) (2 pts) The DNA molecules are partially denatlyrin each molecule approximately 50% of
the DNA is singled-stranded and 50% is double h&lic

(c) (4 pts) (d) (6 pts)
Lower ionic strength reduces the screening g
the negative charges on the phosphate groups
by positive ions in the mediumThe result is

strongercharge-charge repulsiorbetween the
phosphates, which favors strand separation.

—

(e) (6 pts)
Chain termination will result because cordycepitriphosphate lacks a 3' hydroxyl, which is
required for 3'-5' phosphodiester bond formation.




