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Tondveii 1 (6 Azuuu)

{1 @ o 4 1 ] a 4 - o a
AnduMsgaiumeidauuudanee emeunuezglifionleesa (Al-foil) vz ldinamaderduld

4 a 1 1 ) a [ 2 g (%
iesmninamsdenszudszne lwih e ezgliitionnas Taggaiuduiludaassves Sn, Ag naz Hg

Y
Tastiharedluddninglag

Reduction half-reaction (25 °C)
Al¥*(ag) + 3¢ —  AI(s)
Sn**(aq) + 2e Sn(s)

Ag'(ag) + e Ag(s)
Hg**(aq) + 2e” Hg(l)

O2(g) + 4H"(aq) + 4e 2H>0(1)

Os(g) + 2H"(aq) + 2e Oz(g) + H20(1)

. aan { gJJ ana d v a J
1.1 (3 azuun) wdsuaumsudasnslfnsenad i nazl§isenswveuwadnanin uaza E°
A a Y 1 9 a 1 =2 9 A a =< aaa ~ 1 gJJ
‘i')ll‘VlLﬂ@i]']ﬂ']J‘i']ﬂgﬂ'l‘iil!ﬂ\‘]ﬂﬁ']') NIDUBDTUIYI Lﬁﬂﬁlﬂﬂﬁﬂﬂ\‘]m@ﬂlﬂﬂﬂ‘ix‘]ﬂaﬂi‘il'l“l/lll@]a$ell'3vlwﬁ'l

9

v 1 9
1.2 (3azuuun) nsainleseunnaainiius Tualinnududy 1.0 x 108 M aduauued O =

9 v
=

¥ = o 1 o Jda a al
0.10 atm wagihaiell pH = 7 ssmuaanuandndinavuiigungiisianie 37 °C

Q
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Tongdofi 2 (10 pzuum)

lumsnaasuiednulfnserszrinelelelad leseu (1) funleseend ladawlalosou (s,0,7) A

UM

I"(aq) + S20s*(aq) — l2(aq) + SO42(aq)  cooeeeeennn (1)
' 2
Fafingonsuivestfnsenilu Rate = k [I]™ [S:062 ] = —%

ain1saaaunsasunlasvesmaaedulugianaiay q Ao Fana1fiuiediuues S;082
malgson luay Idnaasaaiiu g,

Finaassdedu $:0:% aslumsazarsasdululiadnioonasadi (limiting reagent)
saunaduiudeaclude §1 5,052 wiinlgnsenu Iz ﬁgﬁﬂsﬁmmﬂﬁﬁ?mﬁumﬁ (1) 8619520157

AU (2)
lo(aq) + S203%7(aq) — 17(aq) + S406®(aq)  coereeenn (2)

liio S:052 iRaUifsevunua 1 ARadunnliisoauns (1) fienedlugilaslele’lad (15) lu

msazawsziaiuanssznoudedoutundeIdifumslsznouddoudiiiu Fadotuilugagives

MINABDA

2.1 (1 azuuw) Waaaums (1) uag (2)

2.2 (05 Azuum) Heiahituiaiy @agR) $1uamTuaves S,062 Minlgasenzdudadaumila
vossuan Tuanuaves S05% fiauasll

@ @

v @ Aaaa U A A a9 9 dy
23 (85 Azuuy) lumsnaassmisuauvelfiseazmainonsingurgived lanansnaaseaell

manaaes | AnududuGudulumsazanenay (M) | A[S:0:2] | At | sanmafalgaze
adait (] [S:082 ] [S,0:2] M) () | MU )

1 0.080 0.028 0.0020 35

2 0.080 0.020 0.0020 53

3 0.056 0.040 0.0020 33

4 0.024 0.040 0.0020 95
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231 sdumanududuves S0 #l4 wazdnsInsnal§nsen (Rate of reaction) alu
FOITNVDIATI NIOUTLYNUIG tazuaAsiEAnveINITNAAeIASI 1

232 MInIeiimmua 9
- duAvvelnIeT m, n

' A o 3’, A 9 ]
- A1AINDAI1 (K) ¥9INITNADDINITIN 4 WIBUTLYKUIY

Tondden 3 (3 Azuuy)

=

v W v a a a & o o ' 1 A ) Yy a o J 3 226
19Ny u@]ﬁﬂﬁiu‘ﬁﬁiﬂﬁﬁ’]ﬁ%uﬂﬁuq ﬁaﬂ%’]ﬂﬁa’]ﬂ@j@ﬂq\iﬁﬂlu@ﬁSmuﬁ@u‘lﬂwaﬂﬂmcvnﬂu 88Ra
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Tondden 4 (10 azuum)

< 3 A o ] f °
Auaz B Lﬂueuamsummmaawaammﬂmﬂumsazam HasaINn phase dlagram INNITUN

[ Y
#13910619 (1-7) 71 A ez B wauiuludinaais q liwiganasuman Tdnasail

MIAVON 1 2 3 4 5 6 7
A (% w/w) 0 10 20 40 60 80 | 100
yaviaauial (°C) 50 45 40 30 40 50 60

4.1 (Lazuvu) 29@sy phase diagram 5e1319gMYN & gArasIMad Lag % wiw vee A w%’amﬁgﬂuam
Jwazioen 1y diagram
42 (8 azun) weudia A 90.0 n§u weruuveaudia B 10.0 nSu ué”gﬁﬂﬁ}qmwgﬁgﬂu 70°C mi‘*fl”wm
IEMaoUHAI MY 1IN LABE 9 angUNYNaIN ﬁqmwgmﬂﬁuﬁmmgﬁmﬁﬂﬁu HazvBas iRATY
Aoaslarha
421 iileangungineaunauds 40 °C v \&szuufiil 2 phase
11 solid phase m1la
1 liquid phase il
Tu solid phase # A(s) il
Tu liquid phase & A(l) m1la
422 &fesmsIiszuudiidy liquid phase i A méde 50 % wiw Aesangmmgiauniuila
423 thangungiiawnnn 50 °C i 40 °C sefavoudufindumila

9
43 (1azuuu) mvua cooling curve 2 Ly A9l

UuuR 1 HUUA 2

QuNgl
n

an nan

o Y . A
fﬂj@]gaﬂﬂl\i‘lﬂﬂﬂlqu COOIlng curve musuun 1

Tandden 5 (5 azuum)

A(g) ulfnseniu B(g) 14 A:B(g) issriiaifen

1 1 9
#1300 K 111 A(g) uaz B(g) #d19az 10 mol lalumwuztlavina 20 L usniu iledenaliunaniass
neruiuuazialfiserauyssl wud gauugil linjasunlas wiuannudusmvewRanauay

ANUAUIOBUDIN TUAASH A

mudsediiaay




9 '
Mauaiunl Teanilnszauma asan 9 | page 5

Problem 6 (10 points)
Sawflies are major pests for pine forests. In search for effective insecticides (chemical to kill
them), a sawfly pheromone H was isolated. A university student had successfully synthesized H

using the reaction sequence below.

OH
i A B > C (major) + D (minor)
high pressure
high temperature
® 0o
1 equiv. n-CgHy 7L, PhsP-CH, H,, Pd
> E —> F ———

THF, -78 °C
Reagent X

O

OJL\//

pheromone H

The student found that compound C was formed as a major product together with compound D
as a minor product. When only C was treated further with 1-octyl lithium, E was obtained.
When E was treated with a solution of 2,4-dinitrophenylhydrazine, yellow precipitates were
observed. Compound E can be converted to F and then G which was 3,7-dimethyl-2-

pentadecanol.

6.1 (6.5 points) Show the structures of compounds A to G.

6.2 (1 point) What is the structure of Reagent X used for the last transformation?
6.3 (1 point) What is the number of all possible stereoisomers for pheromone H?
6.4 (1.5 points) Draw the structure of the (2R,3S,7R)-H isomer.

mudsediiaay
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Problem 7 (12 points)

Vitamin C or ascorbic acid is made in nature from a-D-glucose according to the following

equations.
HO
o OH o OH
0] 0 OH
HO stepl  Ho HO H
HO HO e HO
OH OH
OH __OH oHo
o-D-glucose o.-D-glucuronic acid
l step Il
OH OH 0 OH
Ho. . O\° Ho, i NP OH
RS step IV & step Il HO OH
O\ -— H \__/ <~ Ho
N Y
HO OH HO “OH OH
vitamin C gulonic acid

7.1 (4 points) Name the type of reaction for each step, as an oxidation or a reduction. If it is
not a redox reaction, define that reaction as substitution, addition, or elimination. Suggest a
common laboratory reagent for each step. If none of the laboratory reagent is applicable,
give an explanation.

7.2 (2 points) Provide a reaction mechanism for the transformation in step Il1.

7.3 (2 points) Vitamin C is also called ascorbic acid, although no carboxylic acid functional
group is presence in the structure. Identify the most acidic proton for ascorbic acid and
write its conjugate base with a brief explanation.

7.4 (1 point) Vitamin C is a powerful natural anti-oxidant, suggest a structure of the oxidized
form in nature of vitamin C in the equation below.

OH
B o O
HO . oxidation
Y —_—
H I -
reduction
HO.  OH T
OH CeHeOs
reduced form of vitamin C oxidized form of vitamin C

or ascorbic acid

mudsediiaay
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7.5 (2 points) D-glucuronic acid, one of a precursor for the formation of vitamin C, is found
widely in plants and animals in o and B-forms. Show a reaction mechanism for the

interconversion of a and B-forms.

OH OH
0 0
—_—
Ha B Sl Ha OH
OH OH
OH

a-D-glucuronic acid B-D-glucuronic acid

7.6 (1 point) D-glucuronic acid can detoxify poisonous HO-containing compounds to form
glucuronides which are water soluble and can be excreted in urine. Suggest a structure of a

glucuronide when B-glucuronic acid reacts with a phenol.

OH
0
HO OH
HO OH + — >
OH

B-D-glucuronic acid s
glucuronide

mudsediiaay
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Tondveii 8 (9 azuuw)

v
) [

A o = o I A 901 o o n 9y a2 q
HUAADIAINTT-D1N1H (LLAAIAULNUNIN) Wunuame VliJu']ﬁuﬂL‘UulagﬂﬂllwclﬂiJllﬂ udanzau

ue TuatazoondaulueimeniunaIna

O; (in air)

Air cathode

Zinc cathode

8.1 (1 azuuu) wWAsuanMinslfnsen uazlfnsensmvesuanesdansd-o1na

8.2 (2.5 Aazuuu) muu emf mmj;m‘ﬁ 25°C

AH? (kiimol) | AG? (kIimol) | S° (I/K-mol)
0 249.4 230.1 160.9
0, 0 0 205.0
Zn 0 0 41.6
Zn* -152.4 -147.2 106.5
Zno -348.0 -318.2 43.9

o 4 @ ] a I
8.3 (1.5 azuuu) wimuim emf oanuaudosuyosoongaiilu 0.30 atm
8.4 (3.5 azuuu) Mdeamsliuuanesdensd-onniea Unszua 2.0 x 10° A ad1eaaiiind azdoanu
=

pmalSuasnansaedIuiii ) lunuanes fAgumngil 25 °C aAnuauussoINe 1 atm

(Manuau 1 atm e1menlsznoudie Oz eeay 20 TaoSunas)
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TonddeRi o (23 Azuy)

asazanedledesianilalseneualeloseulany 3 vHianaudu laun Pb2*, Zn* uaz Mg iile

nageulfnseImsanaznou lAnaAIHUNIN

Pb**, Zn**, Mg**

6 M HCI
AzNOUTU (A) drsazatela luia
6 M HClunninuwe 3 M NaOH
arsazanela liid (E) aznoUTU (B)
3 M NaOH mnnnune
aznoudu (C) arsazatelalilia (D)

asvdSuim P2, Zn?t uay Mg? anaunuluaisazatediesneriilaelnmsany EDTA vs5e
. . . A x I { a I a [
ethylenediaminetetraacetic acid (Y*) ¥ailuasamanannsamnadluasdidounyloooulans 14
a = g’l % 1 dy
waewiia laelivunauasae li

[

Fufi 1 duasazare NaCN mnimumeasluaisazaededis %Lﬁﬂﬂﬁﬁ?mmﬁ
Zn?* + 4CN~ = Zn(CN)s*
s TnmsanSue Pb> uas Mg** dreansazareniasgiu EDTA 1faserns lnmsa
Fudail
Pb* + Y+ = PbY*
Mg?* +Y* = MgY?®

hasazaenanludun 1 vudnaisazate 2,3-dimercapto-1-propanol (CH,SHCHSHCH,OH)

See
ge
=).
N

1 I x I a A . a Aansa 1Y) ] ¥
viseeuuuugeiiu LH, Fuiludunudonyiianila Tas LH2 wzifailfizedu PbY? aail
PbY2 +2LH; — PbLo> +4H* + Y+

9 v
nniumlsune Y& inaninlfasededulasms Inmsadisaisazaneunasgiu Mg?*

See
:ﬁ
=D.

3 shasazaronan ludui 2 wiy formaldehyde nllgnIenaa
Zn(CN)#> + HCHO + H,0 = Zn?* + HOCH,CN + OH~ (erumsdaliiaa)

Y v
nniunfsum Zn?* ‘ﬁmﬂmﬂﬂamm%’wﬁ'uiﬂﬂmi”lmmmﬁ”mmsazmﬂmmgm EDTA

mudsediiaay
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9.1 (2.5 azuuu) 3szygasves A, B, C,Duac E

9.2 (0.5 Aazuuu) 993521 geometry voda1s E

9.3 (2 Aziuy) sidusdiduan Ky (formation constant) vesansiFadoude'lilinnuiniies
PbY2, Zn(CN)s>, PbL,2, ZnL,>

9.4 (1 azuuu) m@;aﬁnmissi@"lﬂﬁ
Zn(CN)s> + HCHO + H20 = Zn?*' + HOCH2CN + OH-

9.5 (6 Azuuu) wmuindesazlaguia (% wiw) ¥es Pb2, Zn** uaz Mg?* luasazanediedng

0.400 g tiieyhmsnaasensi lanan13dedu Tag

Y
v A

Yui 1 T¥msavareuasgiu EDTA 0.0200 mol/L 151195 40.00 mL

v
=1

Yuit 2 T¥msazaremasgiu Mg?* 0.00750 mol/L U511as 15.00 mL

v
=1

un 3 l¥msavareniasgiu EDTA 0.0200 mol/L 15115 25.00 mL

(33

9.6 (1.5nAzuuu) Minaeen1snilsuis Mg winiuTasnsinmsasy EDTA e 190 929
o619 13
9.7 (7 azuuu) mihl‘nmimzvidN"l,aaauTameumiazmﬂmmgm EDTA ﬁ'mmmjuslﬁ' pH aafi
il EDTA vifisendulosew Tans 1dauysal iy ms'lnmsa Zn?* Tudui 3 dosil pH il
5.5 drumslnmsamiBina Y& dreasazareinasgis Mg2* Tuadi 2 desdl pH iy 10.0
9.7.1 $fesmasouasazaiivles pH 5.5 el lums lnmsa zn?* wzdesldiviesves
aﬁ@ﬂﬂ@ia"lﬂﬁ Seziinnuguenivlvles (buffer capacity) qqﬁqw
acetic acid / sodium acetate
lactic acid / sodium lactate

potassium hydrogen phthalate / potassium phthalate
sodium dihydrogen phosphate / sodium hydrogen phosphate

9.7.2 $1deamswisuasazarewmes pH 10.0 Usu1as 250 mL de1lszneudss NHz 2.0 M
az NHaCl aamuaadSuiasvesaisazats NHs idudu 28% Tasuaa (ANUHUIUY

0.88 g/mL) nazihmiinves NH4Cl fideals
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[

1 Y
MUUAMAINAUAANTUANAIVDINTALNF A A3l

Ka1 Kaz Kas
Acetic acid CH3COOH 1.8x10°
Lactic acid CH3CHOHCOOH 1.4 x 107
Phthalic acid CsH4(COOH); 1.1x 103 3.9x10°
Phosphoric acid ~ H3PO4 75%x10°73 6.2 x 1078 42 x 10713
Ammoniumion  NH4* 5.6 x 1071°

9.8 (2.5 azuun) lunumsunnd giloniilangwinlu@en azldsumsinulasldarsnauniize

[

ayn19e191 DIMERCAPROL INJECTION, USP G?'immﬂmﬁzu qu

BAL (2,3-dimercapto-1-propanol) 10 % w/w, Benzyl Benzoate 20 % w/w in Peanut Oil

o [ g £ a a [ o
unndazsap lasmsaaniiuduidon lasasesngnine BAL szinaasdagouny Tanewiin
uazgniueennulaa: auyanlaneminnnwilamnamasidouiy BAL Tdluiueufeady

< Aa a @ yd
Tavizazni uazlszansmnmssnyivessniiily 100 %

Msaaeg 1000 mg ziialaveriinludealdmila
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Tongdafi 10 (10 AzUMY)

H b 1
Platinum 1JuTawngiifinis 19uedraunsvate iy vudludnsal§azer 9219 naziaseslsedu

- - 4 J - - - - . I va o
Cisplatin ii%en19:a%i11 cis-diamminedichloroplatinum(1l) {ug15lseneudimans Jeaudagues

Y
%

J 3 £ o Y Y 3
LFAQUSEIN ﬂﬁu1N11%Lﬂuﬂ1ﬁ1uuglﬁq

10.1 (1 azuun) vwdeulassaieauiifve cisplatin

10.2

10.3

10.4

(2 AzLUY) TBUUNUNNANSHENTTAUNEIUYDS d-orbital ves cisplatin Tagldy ligand field
9 A - 3’/ = ad
theory wyeusey¥o d-orbital Navue tazvalzevIANATOU
{ . R a . I
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Tongdofi 12 (11.5 pzuu)
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