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AAsdl 7l

AAsfivasuia (gas constant) = 0.0821 L-atm-K “mol™
= 8314 Jmol K™

wvelanlas (Avogadro’s number) = 6.02 x 10% mol™
?i’lﬂﬂﬁﬁ/\l’]i’lmé (Faraday’s constant) = 96,485 C/mol e~
1J=1CV
1 watt (W) =1 J/s
0°C = 273.15K
1 atm = 760 mmHg
°C X 2+32= °F
1A=10"m
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Tanddafi 1 (10 Azuuw)

PNENUUIINFAUAY FamdnguaTivstdl I wdeudiilenywdaioneulseifmansusingauntnivie
pilsfiu nideudsnunstinuldluasensessswilon uilignsumiioudufe dndunmdnivieidng
frsifimvosmuehiy q uasdiduildng iun Auasinfundes Admndwrioussnuisda (g
wuniliden) wardvnanvedasssund enledlud vioAulaszmey aglsfin aslidmaidfonnuauas
naufuTeIva 1wy 1 (e taams vielduas ielvianunsaszunevidoneld

=l

11 (5 pzuuw) Aumdes de uslalulud wiauswanwdes fanseilildu FeO(OH)NH,0 W38 hydrated

. . = A A A v v Y = a3 &, ¢ = P
iron hydroxide Feildwdes Weldiuanuiouarilawmsalaegqdeiinareueunlng Sgnsiafidu

Fe,0; BellauAd il neAumios 10.00 n¥u igaungil 200 °C wavinUsinalaluludimae (L) w

187 (1) 119 9 LoNaRImIgs

nan ( uf) | YSunadlaluludfimde (L nd)
0.00 10.00
1.00 6.05
2.00 3.67
3.00 2.23
4.00 1.35

MAnTlhanIANNdITUSIEnIe ¢ AU L uavsenine t AU Inl easUinduduresuizen
Alawnstuiiduvinle daasfidasnsinsiaudiser (b Juwila waziiuan 5.00 wil agivsunn

lalulusmaowinla

12 5 ez lunsmorguasnmiBeudvundsiumanianansarilalagld3s calbon dating @10
ansduvFenldnaniudlunmieu snlusssuAsasdusening 1*C se 2C 1Ju 0.0194 e 1 way
adsudiuduiiongsn 4,125 T fnuiunn C Tt sewuiidl C agfesauitlavosniiueu
o wazAasiinisaanesi () Wuwila

AUt ASITINURY 1*C Winnu 5,730 U
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landdan 2 (4 AzwUL)

a

MNVayandsuvesUizenng 4 Naamai 25 °C Audu 1 atm sdeluil

9 Y

ERIGIIIEE WU (kJ)
Na(s) — Na(g) 107
Na(g) — Na*(g) + e 496
Clylg) — 2CU(g) 244
Na*(g) + Cl(g) — NaCl(s) ~r81
Na(s) + %Cly(g) —> NaCl(s) 411

NAIUNITIELTR (heat of sublimation) 989 K(s) HUSunautiaeninved Nals) 18 kJ/mol
wasuleseluwwdu (jonization energy) w83 K(g) HuSunutiouninues Na(g) 77 kJ/mol

WaNULARTIY (lattice energy) 989 KCU(s) HiUSunuilaeninves NaCl(s) 69 kJ

N uveINSiin KCU(s) solua (heat of formation per mol) danduminle

Tandvain 3 (6 AZWUU)

a

Fouaves NH, Naamgil 25.00 °C arwuau 1 atm Judail

Y

a3 AHC (kJ/mol) AG® (kJ/mol)

NH;(g) -46.20 -16.60

AHO fin wauURInsiinansusenauselua (heat of formation per mol)

AG® Ao nasuESveINIsAnansuTEnounslua (free energy of formation per mol)

NH,(g) rusumdls aanesaiigamadl 727.00 °C faauns
2NH5(g) == Ny(g) + 3H,(g)

finnzauna NHy() aanesn 90.0% vilwiiaususiduy 10.0 atm
AAsTianng, AGS, AHO Wag AS® figaumgil 25.00 °C uag 727.00 °C fanduwitle

Avuald AHO vesnsidsundasiananilAiasilugsgumgil 25 - 727 °C
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Tanddafi 4 (10 Azuuw)

4.1

4.2

4.3

(3 AzuuL) Wearay B(OH); aslui agnuinillessuauvesaisusenauluseudassiin Ao BO(OH),”
wag B(OH),” Ferasnaunafiietvasiun1sazaiemintiu 5.8 x 1070 uag 7.3 x 107 pudiu my

nqufiresensiillua useuawn-a173 uazdda BOH), audRdunsaviewa nsewele

a & aada

(3 AzUU) ABLANINTLUNFATR (electronegativity, EN) Nilauldiuuiniian Ao Amuainaves
Pauling (xp) FIAIUINAIANEINUNUSLRAY Aol A.A. 1989 Allen L@uaAIBIANINTLUNIATR

Faawninsalnd (spectroscopic EN, Xspee) MduAmasnulossluiuadedmivernonluaniue

o o 1

Wy dmTusiamyvan (main group elements) ATaAUlARIANNNS
als + bl

a+b
o & o fa < . o W
We a ae b ﬂammunmu%amﬂmaﬂu s- ey p-orbitals a1y

Xspec = (0.1691 eV™1) -

I; waz [, Juamdsulosslueduresnauddidnnseulu s- uaz p-orbitals fildainnisnaasy
nsannsalnd

PnTeyanivuali

519 B C N o)

I/ eV | 14.045 | 19.432 | 25.557 | 32.376

I,/ eV | 8297 |10.664 | 13.180 | 15.845

Jeulaseasadiannsau (electron configuration) ¥aegmaw B, C, N uay O luanugiiu uagAuin

A Xspec VB IHBEADY

@ aAzuuy) winien Xspec 1185 19@UmasN van Arkel-Ketelaar (lunszauaineu) tielans
ANUEITUS ST sEIMYeansUsEnaus e (binary compound) 84579 A Wag B A1UkUUTIRDY
nsiiniiuse (hun Wuselane Wustlessiln uaviusslaviaud) fu A1 EN vas1nesduszneu Lag

~ AU x : AlRAURY EN = %()(A + xp)

WAU y : Was19T8d EN = |xa — Xgl

AYBAYINEAN: UARINNTLAATUSZLUUEALARALLUUT DTS

|Xa — xsl
|

GRIGDE ﬁLﬁ@fmnazmamaqm@ Cs (Xspec = 0.659) way

D¥ADUVDIBR F (Yspec = 4.193)

E(XA + Xx5)
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4.3.1 a15Usenausnghi Zone P, Q Uag R (QNTeA¥AINaY) AITLARISN Y vaIiussytialauin
e

432 AnuALaAsuaNas1es EN dmduansusznausing B,C, BN uay B,0; udmaenadlui
@A van Arkel-Ketelaar
M8LE, NIIENUNTOAIUINAT Yspec WTD 4.2 161 ﬁaﬁmwmﬁmlﬁlajgﬂﬁm Tdniseuld

ARNALNaYad Pauling (xp) Fasolud B = 2.04, C = 255N = 3.04 iag O = 3.44

4.3.3 wnansusenau X, Y uag Z daudsadl
d135Usenau dudAvasasusenay
X dnnuduveadsedugiudu awnsaiadulaseeasiwdnedis

AR (SI0,) Tallonuniseuseu (annealing) Haveineszning

LOUNAIIUNINNGUINAIN 6 eV

Y LU N AR NT Y1195 NI UNS1U 2.09 eV TlAseadng

= o v =% a a = v o s
NANYULDULILNAVNLLARNYUDINTILNAYN 20 BUIVDIAAALNDT By,

z flassasradudu q adrsunsiidualadlnidinsgdoaingsewing
LOUNSIUNING 5.20 eV Aeludulin1sasnanuselaaudsening

DYHDUAAUIUANU

ngandonadliluanumden van Arkel-Ketelaar wazaudfvosansusznouniinunli

a13lafeasusenau BC, BN uag B0, uaraSunemgnalsenay
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landdan 5 (6 AZWUL)

a15UsEneusng (binary compound) vediandlguyilanis daauvuiuuy (d)

q

Wi 4.047 ¢/cm® WWunandleseuiinisdndesdailudu « Seni layer lattice

a15Usznaull & unit cell Mduteu usouanwurvaaLaniwguLYin
flusEUUaNUIANTINAYINYT a Wiy 5.32 A auunu Z Aiszeesing 9 Lile ® unu

looauau way O wnuloaauUINIAININATIUAS

o O @ ®
® 10 o o ® N
° ® ® o
Z=0 7 =1 Z=1

|

~

T
P N

layer lattice

ALLbL8IT
«.4?’
{8 28edS8d

1

51 (1 aghuy) msdasessn (assadamdn n1sussgludesing veslessuuinuaslessuaulussuy

¢l ] |
anuennuanuluagels

52 (3 avwuw) ansiifignseillaelddydnvalnunisiesinduegils I FW unu formula mass uaz N,

wnuaveliniles Weugnsuaruansdsnldlunisauin formula mass Ingldfudsnusngludanu

53 (1 azkuw) avlasasmuduradlanauuintas loasuauwinduminle

54 (1 Azuuw) fansanisdnsessivedlossululassadwdn arstmsiyanesumanduetisls

ilaiiguiu CdS BeillaTaasaNLUY wurtzite inszwviala

wurtzite
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landdon 6 (4 AZWUL)

a = (Y !

swelane X, Y uay Z Fegluntuifediy Indessiuanian1usoumaiveswnni1991nsinau daeue

9 9

I3 =

wassleoslueduil 1 (E) Wu Z < Y < X way fiadunssanmdidnnseu (EA) iflniomneiendtu lay
fidwiuan EA duysal Ju Y < Z < X

nousauseluilaglFdydnuainuneeeg

6.1 (1 Azuuu) X, Y wag Z fosile

6.2 (1 AzUuY) Gosdfugniiionvessin X, Y wag Z 9ndlugs

6.3 (1 Aziuy) szygesiaiinazdoasnasednussinguuesnsneaniaves X, Y vie Z figouiian

6.4 (1 azuuw) MasUlassainauiinvesansusenausng (binary compound) Y tetraiodide vo3 Y

niauuanidiinaseuglanifeIvetozaeunans (i)

Tanddasi 7 (3.5 Azuuw)

Mvuatayalvinastaluil

=

n. 519 A viujAseniu O, leansusznevesnles D Fallaudfdu amphoteric

)

U, 519 A U Aseniu Cl, tansuseneunaslsd E LNE Jaavaeuvadgs uaslanwae Ui

3
a

Tuanadunedwes Weazaneldasazarefiigndilunse

A. 519 A ldiAnuisendu H,0

Tideyatrsiuneumausoluiilinglddydnuainmumanssy

71 (L5 azwuu) A fosgegls uazgnaiaiivesndninmifildannmaaratetesans D luanmeiiunsa
waziuadueeals

7.2 (2 Azuuw) Wougnsionfidavesans E wavidoulasiainedndavesans E eilsin A Sy 5 oznen

niauuonlausliawduvesaznon A



nsudatuailledutnsysuvii Asen 14 ToAaUNANGYY-11

Tanddaii 8 (6.5 Azuuw)

aaa = [ [
LLN‘L!ﬂ'W\I‘U{]ﬂiﬁJWSU@ﬂﬁ’]i‘IJiﬁﬂ@‘UIﬂﬁLﬁJEJlIIUﬁ’ﬁaﬁa']EJL'U‘L!ﬂ\‘lLLﬁ@\‘I

o
€l a

Wdgugnsiniivesansvisenanduniiieives (A-H) iasuiiu

[Cr(H,0))" (ag) H,SO, s, @sazany A
e Zn Gile
Na,CO4
NH
WRaB 4+ fzneuC S0 TS aqsavaty D
AT 9
GRPE =
/
[Cr(OH)¢]>™ (ag)
e
@5 F
. A1582a19 G ”
CrO, (@g) CrO; (ag)

Qe d198¥a18 H 23



nsudsdunillefudnsyiuvii Asen 14 oA UNANGYE-12

Tanddafl 0 (12 Azuuw)

579 M aglupuil 4 e E°.q Wuau vifisendunsaldansasanelid farsanansdedou MA, (sl

fia1sanuszq) 39 M Tuansiadeunaaesd 8 Bidnaseulu d orbital

9.1

9.2

9.3

9.4

(3 Azuu) seysUTsadinuaslivguiauundn (crystal field theory) WEUWKUAINAITUEN
syiundsauves d orbital wiesde d orbital wazn1sussydianmseulu d orbital lunselil

(1) MA, 1\ paramagnetic

(2)  MAq 1 diamagnetic uaziisusnasinsnnnsdlil (1)
(1.5 azuuw) 9040 9.1 d1ihans MA, Tliiduansazansudrinanasugandunas Tiideugnes
wansnaiBsuuasssiundsnuesdidnaseulu d orbital iadesnsdl uagnsdilaldndsaunnnd
i
(1.5 Azuuw) 519 Z Wulavenyiieatu M diedeares Z fusnowfindu 2 sunia agnaeidy
srialmitadulansifianuzuniiduvesvas 519 Z msdndidnnseustslsmamanioun
(6 mzuuy) ande 9.1 Mansdedeuiifunud 2 vlnegfedu Taefisusiedsnsaenndesiuauti
wivdniud il

(1) MGSCN),CL  WHu paramagnetic

(2)  M(CN)NH5), Ju diamagnetic
9.4.1 ansdadeuusasnsdivzdlolawesiluviiale uansgnslasiainwewsazlolawasie
9.4.2 1Foutovesasidou M(SCN),Cl, uag M(CN),(NH5), anungan IUPAC Iﬂmsq%a%aaﬁm M

= [ o ¢ ¢ a v v N &
muAs ulunisesig wazAdeslseniuvesansidadoume (+, - visallunais)
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Tanddadi 10 (7 Azuuw)

Methanesulfonyl fluoride (CH;SO,F) Wuansdunigiingosiuidussduszne THduasidnfuity a1s

nilil ansaunde waglimseu trifluoromethanesulfonyl fluoride (CF;SO,F) Maanisuenaananielnin

Tuveanad HF é’]’qammiﬁé’ﬂﬁ@a A CH5SO,F + HF — CF3SO,F + H,

10.1 (1 azuuu) seysUsnluanaves CHsSOF e S Wusznounans uasiUSouiisuspiussseming
0O-5-0 way O-S-F

10.2 (2 AxUU) D1ABINISHSEH CF,SO,F Usunad 500.0 ¢ Inenisuendalsaisazany CHSO,F Tu HF e
T azdiadld HF Ansu

103 (1 Azuu) 9eiin H, Auwelunrdeurinaveasaddidninslad wasiasendnsefutilaveuumnnedd

1 Junnassiia i

¥ o
fala o

10.4 (3 avuu) A ldwadadninsladidfidndludin 8.00 V sunseualuih 250 A Wunan 24 2lus wads

dnnslastazldndanunnlatngd-alug (kw-h)

Tanddadi 11 (3 Azuuw)

AUIUAIAITINITUANGAT (K,) VBanIABeu HA augadnaludidndlnineiinu —0.296 V 9 25 °C

SHE || HA (0.010 M), NaA (0.030 M) | H, (1.00 atm) | Pt

Aua A
Andluvhsanduunsgiun 25 °C

2H*(aq) + 2™ = Hy(g) E° = 0.000 V
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Tanddadi 12 (10 Azuuw)

nswdnuanLley (champagne) winau1snasiail (sparkling wine) ieds “champagne method” vilalng
Fuaduazimaaduriediliiussgegud Tnnndegnliinedn AdilmAnnisusin (fermentation) 7
gaumgdl 10-12 °C auAnufanfuoulaoonleduazioniuea azldumndgiineuazgininlaiily
l5ejuuimililuiminguanvsiiiuenanazdminoeiuanuasnaniasiusguaneduni I9eduurailély
oefsymiensAnumananiaifiossndinieluowian frinidevnassiin “thedu” Usinms 745 mL #ae
33 “champagne method” Fetnedu Turindadiusunns 825 mL
12.1 (@ pzuun) ndsmnuiiniheuilussesnamnis dnideldneaouilemuiiateniuoaiiistua
Fupoudsl
fufl 1 Vnansazansluwanun 20.00 mL Foadeinduauiiviinasdu 10000 mL Turan
MuuaUIIIRg
fufl 2 Wnansazansarnduil 111 5.00 mL wanfuasaEaIBRIASEIU KCr,O; Wadu 0.1150
mol/L U315 25.00 mL Tuanmznsa Wirnufeuigaumad 60-65 °C 1utian 30 wnfi
iEuautsgumngivies
fuil 3 lmsavansazaeaasgiu Fe? udu 03440 mol/L luanmgnsa nudifigagild

Y3ums 28.00 mL

12.1.1 Weuaunsiediuansuisenludui 2 wag 3

12.1.2 USunauenusaiinduiduwinle

122 (6 Azuuw) vdsmsuiniequiisauysainuddienmuea 13.0 %v/v uazinidelausudSinaudia
s sda X oy A w = & a a o A gy A A o~
asveulneenleniinduliviesosar 10.0 vesUSuuwuaniinnmsvdniieliiasesmuiines
LS

duanitos waziulunuaavesuvuamseauisnasia

ALdugRLasAINIsazaneveuiarsusulaeanlefngumngll 25.0 °C WWuwile

Avuali AravuLuTesiiadu = 1.00 ¢/mL
ANUVUIRULYBNENIUDE = 0.790 o/mL
nHNTAEaEYBILiE Henry’s law: C = kP
do C Ao anduduvesufaiazasld (mol/L)
P Al AvuRuLia (atm)

k =3.10 x 1072 mol/L-atm @ nsuwianisvaulneanlan
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Tanddadi 13 (10 Azuuw)

v a v ° Y I a ] ay ) ' 9] =
nswendeudiduluy vlalasasnniluudlsiinie waswseutnddeulnenisnauddeuiuansyigdouds
Heuldinde NaCl w38 NaySO, tietielvidandulnuladieau wagldiryulanaudunsaiioniuny pH vas

= a A 1

Wnddey UnddendediindesgUsunngs daalviniuustlessu (onic strength, W) YesansavansgelumIy

luansazaneiel p g9 aunandazduiuaueniif (activity, a) vedleasusieg Negluasazalgiu n1s

Y

AangITesivaunarisweslduen AAunuAMUTLY WY aunan1sazaleued ABs) = A* + B il
ﬂlf] KSp = aA+' aBi
lnuAuaniinveusialosaumlaainaunis

2, =7, [A]

i A aad
bH® a, Ao waniinvedlosau A

¥ Y

[A] A9 AUt uvadlonau A Tuniieluans

o

1UsyANSanAIAUedloaau A Mlea1naunis

0517° A/

—kog’y — AN
Yo14ssa,./p

dla 7, fio Uszquadleoau A

Ya AD

] 1
aa o Y

O, Ao vunvedlensu A Nflurdeuseu Tumbieuluwng

L A9 Auwsdleesuvesasazay Tuntheluais mildainaunis
1 2 2 2
W =—(AIZ’ +[BZ> +[C1Z° +..)
2

Farmun nMsiwinluyntedesdasldauanmifinuaAutuy
AU LA K., (Ca(OH),) = 5.5 x 10°°
K, (CH;COOH) = 1.75 x 107

angt = 0.40 nm, U502~ = 0.40 nm, acyz+ = 0.60 nm, agy- = 0.35 nm

131 (1 pzuuw) nmbmndulusiusianis msasnnmluugenseuluthaiadunsililsautivue
Twanaidnas WenufAsendiindulunisaennmilunudiensiuluiieing laglideuansaiaes
nsnazilu

13.2 (2.5 Azsu) a1nsdauinldinge Na,SO,7H,0 Wt 40% (w/w) tuasiiedon anuuwsiltessu

YosEnTara1uiAIle MUUATANNTLILLLYBIENTALaNWINAU 1.4 ¢/mL
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133 (6.5 AzuuY) MIdoulduienasniuny pH vasansasaglimmungay windiu CaO 91uu 250 NSy
asluansazanade 13.2 USuas 125 ans udamssuiduansazanetvives pH 5.00 Tnen1siiunsa
wedAn axdedldnsauedininiu (EuuRinsifunsauedinldviliusunnsvasansazans
WasuuUas)

Awunld Y =054 uay Vo, oo = 1.0
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Problem 14

(8 points)

UVARUNIANGYY-17

Citalopram, an antidepressant medicine, can be synthesized as follows.

Draw structures of Compounds A — H.

Cl

Br Cl Br
AICl5 o
o 50 °C, 3h
) g
F
Compound A
1) LiAlH,, ether
2) H*, H,0
Compound E Compound D
H3POy4
or TsOH NaBH4
or H2504
Cl
OH
o
+ H,0 C
F
Compound F

NiCl,, Ph3P,| Zn, KCN

Compound G

1 eq.

CuCN, solvent

110°C, 7h

Compound B

H,0, H,S0y,, A, 3h

1) SOCl,
2) CHgOH

Compound C

Cl
solvent, rt, 3h \GQO

Compound H

(0]

NC
Cle_~_NMe, O o

NaH, DMSO, rt, 1h

Citalopram

NMe,
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Problem 15 (7 points)

Tazarotene is a prescription topical medicine sold as a cream, gel, or foam for facial acne treatment.
The first part of the synthesis of tazarotene shown below, consists of thiophenol as starting material

to give Precursor 1. Only major product but not all of the reaction by-products are shown.

€]
©/SH Reagent Y ©/SO Na B A)\
r
|

—_— S

Compound A

Lewis acid-catalyzed\

@ ® isomerization
Li Li e o
Nj/
\( S
. )J\ Cl
AICI3
Anion C Compound B

Precursor 1

The other part of the synthesis involves the preparation of Compound E.

_N_Cl KMnO, C,HsOH

N H,S0,

Compound D Compound E

When Precursor 1 is treated with n-butyl lithium, an anion F is obtained. Upon further treatment of

Precursor 1 with Compound E, via a palladium-catalyzed method, the desired tazarotene is obtained.

@
Li
S
S .

/@;g n-BuLi Compound E
gz

// /N Z

S
Precursor 1 Anion F C,H500C

tazarotene

Suggest what Reagent Y could be, and draw the structures of A — F.
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Problem 16 (13 points)

Terpenes are a class of natural products that have been extensively studied by scientists. Many

compounds are well known even for non-scientists.

16.1 (1 point) An interesting feature of terpenes is its diversity. Some well-known compounds are
shown below. Which of the following compounds are chiral. **The structures of all compounds

are already in the answer sheet. Note: Penalty point for each incorrect answer!ll

B-carotene camphoro
retinol (vitamin A)
humulene limonene
(used to make beer) (fragrance in citrus fruits)

In terpene biosynthesis, a key intermediate is acetyl CoA, which also plays a major role in several
other biosynthesis such as the Krebs cycle. Acetyl CoA is actually a thioester of acetic acid and
coenzyme A, and usually shown as a shortened version shown below. This is because coenzyme A

typically does not involve in regular reactions.

o
H3CJ\SCoA

During the synthesis of terpenes, three acetyl CoA molecules combine to produce mevalonic acid,
which will be further converted to terpenes. Parts of the mechanisms actually consist of two known
reactions, namely Claisen condensation, and aldol reaction. The complete pathway is shown

below.
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(0]
Claisen J\ (o) (0]
2 j?\ condensation A H;C™ "SCoA w
H;C™ "SCoA aldol CoAS SCoA
B
enzymatic -H,0
H,0 RIS reduction e, OH “~ D
> —_—
enzyme-catalyzed HO SCoA HO OH ticall
hydrolysis C mevalonic acid ORctive.
active
only (S)-isomer l
terpenes

16.2 (5 points) Propose the mechanism of the conversion from two acetyl CoA into compound A.
Hint: assume that these are like “normal” Claisen condensation. That is, some catalysts may
be required, and you can add any extra reagents by yourselves.

Note: Writing a correct mechanism and drawing a correct structure of compound A are graded
separately. Therefore, even if you do not fully know the mechanism, please try your best to
propose a structure of A.

16.3 (1.5 points) Draw all different stereoisomers of compound B from the reaction.

16.4 (1 point) Re-draw the structure of compound C to show the correct stereochemistry (S-
isomer).

16.5 (1.5 points) Draw the structure of compound D. Hint: compound D is optically active.

16.6 (3 points) Below is the full chemical structure of acetyl CoA. Re-draw a likely chemical
structure of Acetyl CoA at pH 7.5 by considering relative acidity of hydrogens in the molecule.

Note: Penalty point for each incorrect answerll!

NH,
o o) HO_O N N
ch\n,s\/\NJ\/\N)%o\P,O' ~0 <N N7
HO._.0 OH
P
HO O



