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Amaudedi 1 (9 Azuuw) (3.25 + 5.75 + 0 AZKUL)

1.1 (1 AzuuY)

111 lassad1edidaves silicide (Si,™) Mdulumungeenen fe

0

Si~

AN
N

S
O (0.75)
lone pair, bond pair uazYUsyyULanoLNHDd
1.1.2  ansleuiisAaved sodium silicide Ao NasSi (0.25)

1.2 (2 Azuuw) JUuaasmsTdiuveseesivialidluanaves SiH,

T Xy

gUaz 0.25 AzkuU Ueaz3URpagnanunemIu concept 989 bonding uax antibonding orbital
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1.3

1.3.1

1.3.2

1.4

1.4.2

(2 pzuuw)  UHATE158nI1e SIO, fU NayCOs

amsaulaglua 1:1

ada X (0.25)
AUNSLATIANAYY SiO, + Na,CO; — Na,SiOs + CO, . P
RNV
1A59A519829 a4 :(I?:
Si
wauloaauvas
:Q/ \Q: (0.75)
NARA N . . o
lone pair, bond pair UasUszgUUDeNDUYNADY

omsaulaglua 1:2

aal = (02.5)
AUN1SLANLARYY Si0, + 2Na,CO; — NagSiO4 + 2CO, . P
LR
Y o a :Of
1Assas19dI9aves |
o Si—__ 225
woulooauves B\ @
] oS (0.75)
ARIZRTAN T , .
lone pair, bond pair UasUszUUDLNDUYNR D

(2 AzZLU)

1.4.1  ansiadivewmiietilunediues A fie Si,0> (0.5)
gnsIeuisAaYes kaolinite A AL(OH),Si,0s %38 ALSi,HOg (0.5)
143  lassasaneauesved Si;0p "
el Q o o O
B Y et N
S|| S|| S||
0 0 0
! | l
\\o/ll\o o/sll\o o/ll\o -
o N 0 N\ 0
- Si Si N\ N
A N Ny
doudgumhiggigniesisesnouuassyy
A1 X = 6 (0.25)
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1.5 (2 Aazuuw)

mol% vo9 talc TuusHan = 84.5 (0.25)
PHLal Vel
mIuUluaues Mg way Si lulsna
19.78 L mol 0.814 ( (0.25)
Npe = . X = L. mo L
M $% 243
28.18 L mol 1.00 ( (0.25)
ng = 28. X = 1.00 mo )
° $% 2814
% g.J/ 1 IS ! 1
At wskaudondulaeluaves Si/Mg = Sag - 123 (0.25)
Tuswansionsdulngluaved talc = x way onsndrulngluaves chrysotile = 1-x (0.25)

dnsdiulagluaves Si/Mg Tu talc Av 4/3 uag snsnd@rulaeluaves Si/Mg Tu chrysotile fie 2/3  (0.25)

§w 4/3 x + 2/3 (1-x) = 1.23

wsHaEL (x) Homsaulaeluaved talc = 0.845 %38 84.5 mol%

(0.5)
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Amausofl 2 (11 Azuuy) (7 + 4 + 0 AZUYLY)

2.1 (6.5 AZLU)

2.1.1 LAULABDTALUTY = 12 (0.5)
2.1.2 1 = 1.11 kg (0.5)
(MAUNANYY 2 ALIALY)
AU
CCP = FCC = 4 atoms/unit cell (0.25)
1 L
Munit cell = (4 atom5)< e )(197.0 =) (0.25)
6.022 x 10%atoms mol

= 1.30853537 x 107! g

Vinit cell = (408 x 107%cm)® = 6.7917312 x 107%° cm” (0.25)
[= (408 pm)’ = 6.7917312 x 10" pm’]
[= (408 x 1072 m)’ = 6.7917312 x 107 m°]

Viotd bar = 4.00 cm x 8.00 cm x 1.80 cm = 57.6 cm’ (0.25)

1.30853537 x 107" ¢ Lk
6.7917312x 107> cm3 ~ 1000 ¢

= 1.109755894 kg [1.105-1.11168]

mgold bar = 57.6 Cm3 X (05)

mass  1.30853537 x 107 g

- = 19.26659539 ¢/cm’ [19.2 - 19.3]

Note: density = =
volume 6.7917312 x 10 " cm
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2.1.3  AUNUILUY = 10.57 gcm™ Tangaulu fo Ag
(nounelley 2 fumnia) (noududydnualsn)
(0.75) (0.75)
J5A8

USUIRSN9AIe = 4.00 x 8.00 x 1.80 = 57.6 cm®
NOIANWANUT 0.25 cm = Andeauvedlanenuluanas 0.25 cm/au x 2 a1 = 0.50 cm
Usumslangauly = 3.50 cm x 7.50 cm x 1.30 cm = 34.125 cm?®

USUIAINOIAIWY = 57.6 — 34.125 = 23.475 cm® [23.5]
UIANDIAMY = (19.26659539 %)(23.475 cm?) = 452.2833268 ¢ [451-453]

walavieanuly = 813 — 452.2833268 = 360.7166732 ¢ [362-360]

. v 360.7166732 ¢
ANMuUAUIBUWlangauly - = >
34.125 cm?

\ M yni 4 x A)/N
ALRUILUY (g) = —onitcel :( /N

Vunit cell Vunit cell

d\/unit cell NA
q

(10.57015892 ¢/cm’)(6.7917312 x 1072 cm?)(6.022 x 10?* atoms/mol)
- 4 atoms

= 10.57015892 ¢/cm® [10.5-10.6]

17899 (A) =

= 108.0793604 g/mol [107.3-108.4] & Ag
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2.1.4  dns@rulaglua Au: Cu = 1:1 0.75)

MARIWIAUS AU ey Cu 15288619 9 MULNY Z asuunilsaa e gulIlw

14 @ unu Au waz O unu Cu

megryamaaudulule

z=1/4 z=1/2 z=23/4 z=1

Q

Q

Q

@)

Q

[ L[
[ ][] ]

Wy FCC - (0.5)

DNINAIUDLADUNINAUIINUA Au:Cu = 1:1 - (1)

7=0 willou z=1 - (0.25)
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2.2 (2.5 Azuuw)

221 seendled fe [ nes O nsalslaspansn M nsaluvsn (0.5)
O tetrachloridoaurate(lll) anion O ulesiaulaeenles
Fuuddnnseu = 3 mol (0.5)

2.2.2  aunsuwansuinsen

2 [AUCL] (@) + 3 SO49) + 6 H00) — 2 Au(s) + 12 H'(ag) + 3 SO, (aq) + 8 Cl (aq) (1)

([AUCL] = 0.2, SO, = 0.2)

2.2.3  YUAYURUSY (C) [AUCL,]” < (B) SO, < (A) NO, (0.5)

2.3 (2 asLuw)

° ' 2+ 2= A ! | fa o v
231 MafUne Fe™ waz S, Iszazane 9 muunu z asuumheowadnesuulili

v 2+ 2=
19 @ unu Fe” uaz X unu s,

z=0 z=1/4 z=1/2 z =23/ z=1
@ ¢ 3
X @
@ ¢ 3

(0.25) anyn 0.25 (0.5) anyn 0.25 (0.25)

2.3.2  goseufisfavesansusznovesnludvennin Ao Fe,Os (1)
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AMBUTDN 3 (5 ATHUL) (4 + 1+ 0 ALULY)

ADALL N ADALL U
C |1 KsFe(CN) B, C A aulAResATY = 3
B. lAU99NTLATUYDIDLADUNAN = +3
L |2 VOlacack CHL C. fddnmsoulien 1 f
E |3 kel B E D. #58nnseruies 4 &
E. fBdnaseudsirhiuavesniinduveteznaunaly
4 KMnOq4 F. 4 geometrical isomer
G. 4 linkage isomer
F | 5 Felbipy),(SCN), F, G, H, I
H. bidentate licand
B 6 KsCuFg B . diamagnetic
). d-orbital splitting wissendu 3 ngu
H 7 Colen)Cls B, 1, | K. d-orbital splitting 3 4 ﬂzjuﬁ d,2 N dyy
O |8 KNICN), e L. d-orbital splitting 3 4 ﬂzjuﬁ d,2 g3n1 dyy
M. fdidnnseulu d orbital 4 §7
G |9 I[ColNH)NOIC, B, G, | N. fidéinaseulu d orbital 7 6
<1 10 ki, K 0. #didnaseulu d orbital 10 &
No A, D, J, M, N
dnsuna
A: none D: none G: 5,9 J (tbp): none M: none
B:1,3,6,7,9 E:3 H: 2,5 7 K (sq pL): 10 N: none
C1,2 F: 5 :4,57,8,910 | L(sqpy):2 0: 8
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AMBUTDN 4 (5 ATHUL) (4 + 1+ 0 ALULY)

4.1 (1 azwuy) avumnukdassvasiussluaisddou 1-4 anunluies naulaslddiay 1-4

AMULTILTIVDITUEE M-N: 4 > 1 > 3 > 2 (1)

15896719 reduced mass: Pt=N > Co-N = Ni-N #91u k. Pt(l) > Colll) > Ni(ll) > Co(ll)

4.2 (0.5 AzLU)

in (x) fio Pt—N [ pt—cl in (y) e [ Pt—N Pt—Cl (0.25+0.25)

W1 Pt-Cl 9zudausandn Pt=N wsnaves mass 411nn31 Clwtdnndt auddesndn: (x) PN, (y) Pt-Cl

4.3 (0.5 Azuuu)

CO URUAUNUSY = 3 Tt-backbonding vlssususiuse L1 snndu L windu X anas

(0.25+0.25 lsinaudusunisy (ns19m90UnIunad)

4.4 (1 AzLuw)
Wina)fe COu  carcoy O Mnco)’ [FecO) U mcoy 05

Winb)Ao COlu  Ocarcoy O imnco)y O re(coyl V(CO))™  (0.5)

ANALIN LA Tt-backbonding a8 - [Fe(CO)J*"; AINART 1in T-backbonding 110 - [V(CO),l”

45 (2 Azuuy) Vdydnwal (WnaN @umneN AN VIBLATEINLNERU 9) DI LUNEATNLIAADL
Y99 CO ynfluudazasiledou lng CO luusavansilisdouiogluanimuindounuuifednusedld

dydnualifeaiu

(@130% 0.5 pts luumazarsiegnyianm)
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Amausofl 5 (10 Azuuy) (5 + 5 + 0 AZUYLY)

a

51 (L5 Azuuy) K, 109 AgBi(s) flgaumgil 35 °C = 1.6 x 1072 (0.5)

Y

(mauluzu AB x 109

WA
Weuann1sal  AgBr(s) = Ag*(aq) + Briaq) 0.1)
‘17i 298 K AG®° =77.1-104.0 + 96.9 = +70.0 kJ mol™ (0.1)
ASC =727 +82.4 - 107.1 = +48.0 J K mol™ 0.1)
Fathy AH = AG® + TAS® = 70.0 + 298%48.0/1000 = 84.3 kJ mol™ 0.1)
7135°C (308 K) AG® = AH® - TA,S® = 84.3 — 308*48.0/1000 = 69.5 kJ mol™! 0.3)
—69.5 x 107
N AG® = -RTINK,, —> Koy = exp ——————~ 1.6 x 107 (0.3)
8.314 x 308
8111 AG° 1 298 K 1id1ans AG® = -RTInK lagunua T = 308 K 1ae 9glai
~70.0 x 107 I
Kpp = exp -2 ~ 1.3 x 107° 99JuA1naunieg
8.314 x 308

oan AG® 71 308 K Lillgfiaminiu +70.0 kJ mol™ (I¥Aguuy 0.1+0.1+0.3 = 0.5)

52  (1azwuw) Wl AgF Wuansiedouildumnsis

O nde AcF ldazaneth (-0.25)
\nAa AgF avanetinlan 0.5)
L1 wnde AcF wdeslunsgaumnarmans (Tleuiulave Ag uazuiia F,) (-0.25)

[1 wnde AcF Liwadeslunisgavwarans (Feuiulane Ag wasufa ) (-0.25)

(rewuusIulumsidannevlidnay)
A1aSUY

aun1s AgkF(s) = Ag'(aqg) + F(ag) AG° =771 -2788 + 187.9 = -13.8 k) mol™
Fatiu 1nde AcF azaneinlda (AG° < 0 — K > 1) Flimnziildiluansinfouilaudesy (0.5)

(fniFeunnaduam K., 71 298 K 91n AG® 9i3elaiAld K., = exp(~(~13.863)/8.314/298)) ~ 262)
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5.3 (1.5 Azuuy)  A99dl v ag1euagUseun 813.5 THz (0.5)

A5AuI

deusannnsgnundn AgBr asiinnisansleudidnaseuninlesay Br Tudilosau Ag* fiuans
Brr + hv = Br+ e
Ag" + e — Ag
anudvedas v egstiosivinliiBidnnseunanainlossu Br wedausauszanmanlian (0.5)

dunssanmdlanasau (EA) 109519 Br

324.6 x 10° J mol/6.022 x 10* mol™* (0.5)
V& 6626x10" s = 324.6E3/6.022E23/6.626E-34
~ 8.135E14 Hz = 813.5 THz
VUL anudfidnaldlasriwemasiiuewiuldludnies (eglutiauasyd) el datudetidu

WBINTITUIZUIAAT (339 € ADINRITNAN UL VDIFETAY)

TunsdifidniSoudenld

IE, ¥4 Ag = 731 kJ mol™ aglammeuilu 731E3/6.022E23/6.626E-34 ~ 1830-1832 THz

IE, ¥09 Ag = 2070 kJ mol™ aglammauldu 2070E3/6.022E23/6.626E-34 ~ 5188 THz

IE, 989 Br = 1140 kJ mol™ aglgrmauily 1140E3/6.022E23/6.626E-34 ~ 2857 THz

AvapH® (Bry) = 31 kJ mol™ aldimmauiliu 31E3/6.022623/6.626E-34 ~ 77.7-78 THz

Ag'(@ag) + e — Ag(s) E° = +0.80 V; AG® = -nFE° = —1¥96485%(+0.80) = —77.2 kJ mol™
ot Agls) — Ag'@q) + e AG® = 77.2 kJ mol™ aglammeuldu 193 THz

AgBr(s) + €= — Ag(s) + Bri(ag) E° = +0.07 V; AG® = -nFE° = —1¥96485%(+0.07) = —6.75 kJ mol™
o Ag(s) + Briag) — AgBr(s) + e« AG° = 6.75 kJ mol™! azlgfmeuidu 16.9-17.5 THz

(Grduavgavirelaniuil 19 0.5 azuuw)

54  (1azuuw)  seddlineusgisies 2 2UNA (0.5)

A1aSUY

(%

AaauNskanaUfAsetssulafal
hv
2AgBr —— 2Ag + Br, (0.5)

2 v aaa v Y a v ) | aa v v o = v | Y]
giiuladn UfAsenteiuneadesiunisaieloudianaseu 2 i aeluiweddlineustiates

2 3N F99zfialiiana Br, b 1 luana
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55  (1azuuw)  Ag USunautiesanniieg uuwan AgBr vinmiind... (1)
Faseufizen L] ansifodiums [ shmirsufifzen
L ansdsdiu L wéinstoust i

(moududengnliiudenay 0.5 Axuwu nousudenidnvinduaenay 0.25 AxuUY)

56 (2 Azliuw) T, = 308 K (0.5)

nasunenusiug (£,) 69.9 kJ mol™ (0.5)

ad o
5ATUIE

snsINsinURRTewUsHnRuAUnRaNlTalan () seduusinaduinu y @unduves ) wusiu ©.3)

nssiudns NI AaUfizen waznsfivivwuldududussafiofisuiuunu x (dudures
H,Q) wanadn iuufisendusuniladiaidisuiu H,Q tufe
Rate = nAgB,/fD = k[HzQ] ‘1/1%@ 1/fD = kobs[H2Q]

AN Kops HUTHUATINUAIUTUVDINTIN

[ [
=< Y]

Lﬁaqmmﬁlﬁﬁu Uiz uAalFS ANUTUTDINTINAGTU ATl 0.2)
T, =35°C=308 Kuag 7T, = 25°C =298 K

Saruduvasnaivisaoaduld
AT, = 12.50/0.48 My AUTY, = 5.00/0.48 1t (0.2)

1NEUNTT Arrhenius

\(kssee\ __Eaf 1 1
(o) =7 )

slope; E, 1 1
" (Slope2> TR (308 K~ 298 K)

12.50 E, 1 1
1“( 5.00 ) ~ 78314 x 10-3 K mol-L K1 (308 K~ 298 K)

(8.314 x 103 kJ mol~* K1) 12.50
o=~ n( 5.00 )

(308% ~ 298®)
308K 298K
E, = 69.9 k] mol~! (0.3)

IUnNLTEUAR UM I n slope;/ R \308K 298K

azlaAmauldu —8.314E-3/(1/308-1/298)*In(5.00/12.50) = -69.9 kJ mol™ JnSeuAITALNIIVINAIUIY

UN9EN9RA esannnasnuneiuduslidalsiadnau 19 0.8 azuww (1o999nAn T, uag T, daUA)
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=)
Da
pmd
)
ee
pmd)}
De
&
2
ee
ca
=2

5.7 (1 Aazuuw) AMNUU

[

(mousudongnly 1.0 AzuWY noURUABNAALY 0 AxuWY AaUNINNTT 1 FUFNIY 0 AzUIL)

58 (1asuuy) K vesufisendigamnd 25 °C = 9.2 (1)

U

Anaulaan 5.4E-13*1.7613 = 9.18 ~ 9.2
TunsaiminSeuliidn 2 mdrsduinaiu alamaviiie 1w

5.4E-13/1.7E13 = 3.2 x 107 1.7E13/5.0E-13 = 3.1 x 10° (197 0 Azuu)
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Amaudefi 6 (10 Azuuy) (4 + 4.5 + 1.5 AZUYL)

0.75 + 0.25 6.3 1.00 + 1.50 65 025+ 050+ 1.25

6.1
6.2 1.00 + 0.50 64 0.75+0.75 6.6

0.
0.25+ 1.00 + 0.25

6.1 (1 Azuuy)  7AuV09 AgBr LAnTUA wolun L ualye fwn [ dhau
(0.25) 0.25)
- aaa Ag(s) + Bri(ag) = AgBr(film) + e~
aunsAdinansunsen . 0.5)
190 Ag(s)
6.2 (1.5 AzWUY)  LavTIMae X = Y (0.25)
ANURUILUUNTELE = 2.5 mA cm™ (0.25)

F5AUI

2 1
Levich equation: j=0.62nF CD3v s w*
j=0.62(1-96485 Cmol™1) (9.00 x 1073 mol dm™3)
2 1
(210 x 107> cm? s 1)3 (890 x 1073 cm? s™1)76 (8.0s 1)*

1
=3 (0.25)

C=As(0.25)

w N
[N

X

1

090 - (8.0)* As mol cm?\2 (1)
=0.90- (8. X X X (=
J mol 1000 cm3 S s

1.dm’ = 1000 cm” (0.25)
unit analysis (0.25)

MEIUT (s) azdanulanefm Arowle x = 14 A9t

= 2.5mA cm™?

N| =
%]
N| =

1 mA
j =0.90-(8.0)2 — X
cm .

2546166827

0.217 (0.25)

6.3 (25 azuuy)  Andliinveslizen (Eyy) =

ad o
I5ATUIEY

Anglniihvesuisen (B (0.25)

— andunsIiuIndeyafiAes o WLTElUYIUIN UAIBIUAIRARALN X

— ANAZBYALBYLANAIUAINATDIANS
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ANUAUNUTDIENTAzAE (Rg) = 12.7 Q (0.5)

ada o
I5ATUIE

ANFTUIUTDIENTAZAY (R)

Y _ . _ n
— mlanaunis I=j-A= Ry
approximation (0.25)
\ a e . 1
— lwhusnvesmsiiaildy Ry, < R i =R (E = Ergn) linear equation (0.25)
= Y A R Ay
— 39 slope voEUNTINBEIBEUY — calelation (0.5)

(346—0mA cm™2)
(320—217mV)

slope = =336AV lcm™? Ax > 100mV (0.25)

— lagAuIAT R, 910 slope = slope (0.25)

1

A'RS

 _ 1 _1VAT?
S (0.0234 cm?)(3.36 AV-lcm=2) 0.0786

=12.7Q

winliaIuIsomIuIeIAING I INYaNAITAazatels 1197 6.3 @ Tunisauiaidugnly

N Py 1.48
6.4 (1.5 Aazuuu) ANMUNUIVOINANUUNIUY = ) pm (0.25)
(14.2 mnld 6.3 Q)

(mouLavtisdfgy 3 §)

ad o
AU

ndia (n,,jp) = (333 — 217 mV,368 mA cm™?)

9

) n
Jp A= R ph
STCA(1=0)
(0.25) (0.25)
116 mV
(368 mA cm™2) - (0.0234 cm?) = A
12.70 % 750826 AV-T am-1) (0.0234 cm2) (1 = 0.900)
h n
R, = K A(1=0) = ]pﬁi‘l — R rearrangement (0.25)
R, = h = 116 mv 12.7Q0 =0.75Q
P7198x10"4AV-1cm (368 mA cm=2)(0.0234 cm?) T
0.000197964 13.47082869 12.72170347  0.7491252151
denominator (0.25) R,(0.25) 7.2

h=148x%x10"*cm
1482998241

winlsasnsoriuiamnuuivesitauls [¥l9m7 6.40 um Tunisiivaaduonly
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| .y 6.81
6.5 (2Azuuy)  AUKLILUWYIRL = ) gcm™ (0.25)
(1.58 wnld 6.40 pm)

AU

ﬁmamﬁuméfﬂﬁwLﬁamﬁi”lmuﬂizﬁ;ﬁLﬁmmimeﬂ,au .. cutoff = (337.5819 mV, 405.31 mA cm™)

Area = l(405 mA cm™2)(340 — 217 mV) M ~ 11.65671 mC
2 (50.0mvs~1) '
area of triangle (0.5) conversion (0.5)
1 mole™

~ 11.65671 x 1073 C X ~ 1.21 X 1077 mol

96485 C

107.9+79.9 mol e” >> mass (0.25)

¥
=3

et 1naves AgBr Wity m = (1.21 x 107 mol)(187.8 gmol™') =226x107°g

£

USunasesiduiindu V = (0.960 x 0.0234 cm?)(1.48 x 10™* cm) = 3.33 x 107 cm?
2.268881316 covered area >> volume (0.25)
-5
AUAUILULUD I = 226)(196 E_—681 gem™3 density definition (0.25)
3.33x107" cm3
3.331407248 6.810579276

6.6 (1.5 Aazuuw) IiuAsesneLiialdiondaniuiesunefieriunszuiunsiinilay AgBr lagndes

®  NANULUNTUVDY Br windu 9.00 mM

dnsNsAnUAsenAi Weoewn ] asaneleaudidnasouuuintiinledi (0.25)

o
Y

ASLPAIUNVYBY Br™ UNEIRITNAALAEN

geenntRaNfsn MU NAeINThtL AomyuaudIl Erdu [ 4ad (0.25)
ﬁﬂﬁWﬂ’]ﬂ@ﬂUﬁﬁ%U’ﬁ]%ﬁﬁ’] O Jaunin O wndu 110071 Emn Tuts 6.3 (0.25)

o Fennududues Br whiu 1.00 M dieliussdndifiutudiesnsiai o = 150 mv s~
nseneleudidnaseuuinaiatauinle Eann O anin  nsiedeudives B andsfiin 4
fndlwihwosfisentidn [ dounin wirdu O wnndn Exn Wle 6.3 (0.25)
ANNTuTRLduasilutIasnreInsiiaiaNariian [ qqsﬁu gy [ daq (0.25)

a1

Anuvudunsslanangeanzien [ deundn O wirdu 11007 AsEastuns I (0.25)
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Amoudedt 7 (10 Azuuy) (0 + 10 + 0 AHYL)

7.1 (2.5 aswu)  wasnuseRlansuiild = 46.6 MJ kg™ (0.5)
(mautaviedAgy 3 M)
AU
propane CsHg + 50, — 3CO, + 4H,0 (0.25)
o #aN8WUSE: 8(C-H) + 2(C-C) + 5(0=0)
= (8 x 413) + (2 x 347) + (5 x 495) = 3304 + 694 + 2,475 = 6,473 kJ mol™
o @5190WUGE: 6(C=0) + 8(0O-H)
= (6 x 799) + (8 x 467) = 4,794 + 3,736 = 8,530 kJ mol™
o WAWWENT: 6,473 - 8,530 = -2,057 kJ mol™ (0.3)
o WAYUFBALANTY: —2,057 x L mol x 1000¢ _ ~46,750 kJ kg™ 0.2)
mol 440 ¢ 1 kg
butane CqHyy + 13/20, — 4CO, + 5H,0 (0.25)
o ARN8WUTE: 10(C-H) + 3(C-C) + 13/2(0=0)
= (10 x 413) + (3 x 347) + (6.5 x 495) = 4,130 +1,041 + 3,216.5 = 8,388.5 kJ mol™
o @579WUSY: 8(C=0) + 10(0-H)
= (8 x 799) + (10 x 467) = 6,392 + 4,670 = 11,062 kJ mol™
WAIUENS: 8,388.5 - 11,062 = -2,673.5 kJ mol™ (0.3)
o WASIUADALANTY: —2,673.5 X L mol x 1900g _ ~46,094.83 kJ kg™ 0.2)
mol 58.0¢ 1 kg
wé’a\1quﬁlé’mﬂmsé’umﬂamﬂsnﬁmm LPG (70% Iwstwu waz 30% Uanu)
= 0.70 x (-46,750) + 0.30 x (-46,094.83) (0.5)

~46,553.45 kJ kg™
~4.66 x 10" kJ kg™
~46.6 MJ kg™
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7.2 (5 AzLUU)

7.2.1 AnuRugsannelunseuengy = 52 atm (0.5)
(mauLduduui)
AU
Miropane = 0.100 g x 0.70 = 0.070 8, Mpyane = 0.100 g x 0.30 = 0.030 g (0.25)
Npropane = 0.070/44.0 = 0.00159 mol, Npyane = 0.030/58.0 = 0.000517 mol (0.25)
M CHs + 50, — 3CO, + 4H,0 (0.25)
Ignan S duutasiy 7 lua dedemnas 1 lua
M CHyp + 13/20, — 4CO, + 5H,0 (0.25)
Ignan S duutasiy 9 lua dedeumnas 1 lua
Moroduct total = TNpropane + IMputane = 7(0.00159 mol) + 9(0.000517) = 0.01578 mol 0.5)
; nRT  (0.01578 mol)(0.08206 L atm mol™ K™)(2000 K) 0.5)
max Ty T (0.050 L) '
= 51.8 atm
7.2.2  quannszuiunsiunauldle = -0.0456 kK (meuauifedidy 360 (0.5)
UINNATLUIUNTS isothermal = -0.604 k) (wouwaviedingy 3 67) (0.5)
AU
Wi = ~Pax (Vo — V1) = —1.00 atm x (0.500-0.050) L = ~0.450 L atm (0.5)
101.325 J 1 kJ
= -0.450 L atm x X (0.25)
1L atm 1000 J
= -0.0456 kJ
7
V‘/isothermat = -nRT In 7 (05)
1
= —(0.01578 mol)(0.08206 L atm mol™! K™1)(2000 K) ln 0.050
= -596 L atm
101.325 J 1kJ
= -5.96 L atm x (0.25)

1Latm 1000 J

-0.604 kJ




AWt leaNUNSEAUYIR AN 21

waylodaaunIANgu-20

7.3 (25 azwul)  auugligavneniglumauy = 454 °C (0.5)
(outdudiuiuin)

AU

waniigeddlunsvasumaniuds: 0.4)
Erus = MAH; s = (12.5 kg)(334 kJ kg™") = 4,175 kJ

wisuiidasldlumaiiiugamgiithain 0°C f 100°C: (0.4)
Epeot = MCAT = (12.5 ka)(4.186 kJ kg™ °C)(100-0 °C) = 5,232.5 kJ

wasniigeddlunmsiaeuildnivle: (0.4)
Evap = MAH, 5 = (12.5 kg)(2,260 kJ kg™") = 28,250 kJ

wanuiivae: 0.4)
Eremaining = 46,653.5 — 4,175 — 5,232.5 — 28,250 = 8,895.95 kJ

anmigligavinevaslet: (0.4)

8,895.95 kJ = mcAT = (12.5 kg)(2.010 kJ kg™* °CHAT
AT = (Tina — 100 °C) = 354.07 °C
Thnal = 454 °C
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Answer to Problem 8 (10 points)

(0 + 10 + 0 pzitu)

8.1 (7 points) Structures of Compounds and Intermediate A-H and Reagent X.

Compound A

il”
O

Reagent X

X/\/ ) |
X = any leaving group

(0.5 pt) (0.5 pt)
Intermediate B Compound C
O O
=
O @] 0
(1 pt) (0.5 pt)
Compound D Compound E
MeO,C COyMe
G
Me %
OHor O (0]
(1 pt) (1 pt)
Compound F Compound G
HOzc MeO,C
X X
(0] (0]
(1 pt) (1pt)

Compound H (Methyl jasmonate)

MGOZC

(0.5 pt)




nsudstuaiilefudnseauyd asan 21 \RaglaaRuUNIANG Yi)-22

8.2 (3 points)

List of possible intermediates

S hd b

A B C D

Db b d g g

G H | J K

F

Intermediate involved (in order):

pinene > B > C > H > > > camphene

&
v o A o

1§90 intermediate gnyiaiudonuazaIay (1 pt)

Draw the mechanism using the corresponding intermediates you selected.

S b d- A

Pinene B C H Camphene

Weunalngnea step az 0.5 x 4 steps (2 pt)
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Answer to Problem 9

(10 points)

(7 + 3 + 0 peitu)

9.1 (2.5 points) Suggest a mechanism for step 1.
2 2 2
DMTO B DMTO B DMTO B
o} o} @]
protonation by
NC tetrazole NC NG
o —— = 0 — = 0 ——=  product
O-F. O-P 0-F
v Bt N
~ L
/es ¥N ®H
N [ s B1
NN

- duusn: 19 tetrazole \Uuslinlusmou wialausey 19 1 pt wn protonate walivananlas 11 0.5 pt
- dufiaes: 1 tetrazole 18w nucleophilic catalyst Aeun1swudie OH W 1.5 pt o1 OH wwwae 19
Ipt

- 87381593 flow gnasuuan q audaduiiag normalize N139TI98NATINTS

9.2 (1.5 points) Rate of acidic deprotection (add > or < in the box) : DMT | > | trityl (0.5 pt)

Explanation about why DMT is easily removed in acid, and if trityl is deprotected in a faster or

slower rate than DMT.

- 0.75 pt - uaariwgediglunsa g
9195UANNIATIATNN HE wdaA
19 uel key d1AYABNITUERNY cation
89 ROH a0 LaENILAA resonance
nsvneUsludwinumiadulaagng
a a a
AUszansn

- 0.25 pt - W3guLigunu DMT lag

wamaliiiugaa1 -OCH; ¥2elsinng

IS a a a dn(
N3z UTEUUTZANTNINLING VU

- Normalize 1137533LA85IUBNATY
Inglaseasne 01991AYAReINle us

fussereasuils 0.25 pt luiae

H,CO H,CO f]
H,CO
) . Cn
H Y / -ROH ®
0—R O—R E—
= =7 g
OCH,
H,CO H.CO

dimethoxytrityl cation

@
H,CO
L

OCH;

k)

trityl cation
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9.3 (3.5 points) Provide the structures and/or identities of these compounds.
Compound A Compound B
X
OH NH, 0 NH
N&O N&O
TBSO TBSO.
O o]
OTBS OTBS
(0.5 pt) (1 pt)
Reagent | Reagent Il Reagent Il
HF or TB.AF. 7 N\H
TBS-CL, base (W39 derivative dudilgaula N_ _N 0.5 pt)
2 A ay v v a & = N
(139 derivative auldaule Asundunsaily)
fosadunsdlly)
Is compound C required here? | Is compound C required here?
[ Yes M No M ves L No
(0.5 pt) (0.5 pt) (0.5 pt)
9.4 (2.5 points) Nucleobase A is thymine Nucleobase B is cytosine
(0.25 pt) (0.25 pt)
Write chemical shift values next to the protons of the structures shown below.
NH> 1.84 O
5.59 | XN H,C N
7.34 N/go 7.38 N/go
H H
cytosine thymine
(1 pt) (1 pt)

WUBWA: hydrogen nneuwsia (enviu 1.84 ppm) Lilduandlilunseauineu Wewndesnsiilanddudeou

Jupndntiey MntniSsulouland “H” aanunou ka134 label Aauignees AdelanziuuaFgTy
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Answer to Problem 10 (10 points)

10.1 (6 points) Draw the structures of Compounds A, B, C, E, Reagent X, and the isomer of D

(7 + 3 + 0 pitu)

Compound A Compound B
F F (0]
CH
° OH
(1 pt) (1 pt)
Compound C Compound E
F O F 0
H,N
OCH,3 OCHg
(1 pt) (1 pt)
Reagent X Isomer of D
- F O
(@)
\ _CI
S OCH3
F
Br
(1 pt) (1 pt)
Full scheme solution
F F F O
@ CH4Cl (j/ CHs mno, §OH HS0, (j)kocm3
AICI; CH30H, reflux
compound B compound C

compound A

Br2,
FeCI3

F o
\S\\/CI £ 6
o) B

F O
F 0, H
N
5 OCHj
(e}

compound F

Clj\ll/\l\lj/

Li, THF

e —

compound G

Reagent X

m/z (% abundance):
214 [M+2]*"(17.34),
212 [M]*'(53.32)

compound E
MW =169.15

dabrafenib

compound D
+ isomer of D

OCH;

HyN
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10.2 (2 points) Draw a mechanism of the formation of Compound G.

o H |
/N A
Clﬁl/N\ \\s\\ N)\CI
N~ (@]

Li, THF | deprotonation

N CH,

CIﬁNT\NJ@

10.3 (2 points) Correct and incorrect statements are indicated with M and ], respectively.

V] a. Compound D shows 8 signals in the °C NMR spectrum.

M b, Amass spectrum of Compound D shows the [M™] and [M+2"] peaks of a roughly equal

intensity.

c. Inan IR spectrum of Compound F, there is a similar IR peak to that of Compound B around

1700 cm™. However, that of F is observed at a lower wavenumber.

d. There are 5 types of non-equivalent protons shown in the "H NMR spectrum of the starting

compound (fluorobenzene).

[v] e. If thereis a mixture between Compound B and Compound D, they can be separated by

liquid/liquid extraction.

f. The 'H signal for the -CH; group of Compound F appears further upfield than the 'H signal
for the —CH5 groups of dabrafenib.

g. Compound E would not dissolve well in an acidic solution while Compound D would.

V] h. The 'H signals for the ~CH; groups of dabrafenib show the same multiplicity as that of
Compound D.
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Amaudedi 11 (15 Azuuw) (5.5 + 5.5 + 4 AZUUY)

11.1 (2 AZLUw) gmﬂmaqasﬂaﬂ H,A CsHsO5
OH
anslATIASI9UD9 HoA
v OH
aaa 0.2112 g H,A 1000 mL NaOH 1 mol NaOH

hs(als) 1 = X %
ORI MAss = 9530 mL NaOH - 0.100 mol NaOH 1 mol HoA

60.9 4.3 100 —(60.9 +4.3)

molC:molH: molO =

12.0 1.0 16.0
=508:43:2.18
=233:197:1
=7:6:3

gnsieuiisAane C;HsO; Fail molar mass 138.0 g/mol

patuansluanane C;HOs
Y 9

= 138 g HA/mol H2A

(1)

(1;

o-/m-/p- lavue)

11.2 (3 AZLUW) pH = 3.77 (0.5)
AU
NNUHA381581I19 HLA 7 NaOH (OH")
H,A 4 OH" =  HA +H,0 (0.25)
L%Iw;fu ) 0.0240 M x 25.00 mL  0.0100 M x 50.00 mL (0.25)
25.00 + 50.00 mL 25.00 + 50.00 mL
=8.00 x 107 = 6.67 x 107 0
AnUfAze (M) -6.67 x 107 -6.67 x 107 +6.67 x 107
ALNED (M) 1.33 x 107 0 6.67 x 107 (0.75)
ma”’amﬂﬁ?mﬁﬂmnmn@f’smmmamimﬂéf’maq H,A
H,A +  HO = HA™ + HO"
Gudu (M) 1.33 x 10° 6.67 x 107
WasuwUas (M) -X +X +X
auna (M) 133 x 107 - x 6.67 x 107 + x X
Koy = —[HA[I]{[ZiiOJr] (0.25)
x = 1.7x10™*M = [H307] (0.5)
fou  pH = -log (1.7 x 107 (0.25)

3.77

[

(Foalnaun1snasees Uszunaudn x ielila aruszanaazld pH = 3.70)

o
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113 (1.5 azuuu) | Acidic proton 816Ul 1 2 3

S2UsNuIveeluIneu (a - o)
, o o Lz 0/¢ g/o0 K
Yoday 1 fAdnuIviniu

(0.5) (0.5) (0.5)

114 (0.5 azuyy)  JUimusndigede M WL O w0 w> O &

11.5 (1 Azuuw) anwavanelaves Fe(OH); = 2.0x 10718 M (1)

aaa

350 K, = [FeOHT = 2.0 x 107
K., IAdoesnn [OH] 370 Fe(OH); Setforannidlowiouiu [OHT anmsuanavesil (1.0 x 107 M)

s(1.0 x 107 = 2.0 x 107

s=20x 107"

11.6 (3 ATKUL) Ke = 1.5 x 1015 (0.5)

(mautaviedAgy 2 M)

F5AUIE

N Ecell = Eright — Fleft

0.0592

Evight = Epgci/ag — 1 —log[CI7] (0.5)
= 0.222 — 0'01592 log0.100 = 0.281V (0.25)
Eleft = Eright - Ecell =0.281-0.213=0.068V (025)
. 0.0592  [Fe?*]
Eiere = EFe3+/Fe2+ T 08 [Fe3+] 0.5)
0.068 = 0.771 — 22292, 100X 107 (0.25)
. = 0. [ log Foir| )
[Fe**] = 1.33x10"7 M (0.25)
deurnsfiannaniafnasdeouldiad
[Fe(HsL)>"]
Ki=—F7—777— 0.25
"= Tres M, L] 02
1.00 x 10™* — 333 x10=*
K; ( ) (0.25)

~ (133 x 10-17)(5.00 x 10-3 — 1.33 % 10=2%)
Kr=15x 10
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11.7 (4 AazwuL) [Fe**] Tuansavany = 1.67 x 10710 M (0.5)
[Fe®] Tuiaa = 1.25 x 107° M (0.5)
[Fe(HsL)**] Tulaa = 1.00 x 10~ M 0.5)
(moutaviludAgy 3 A)
AU
B 1
AUNITUAPIAULVNTUTINYDY Fe*
1.00x107* = [Fe**]aq + [Fe**]gel + [Fe(H3L)*]gel 0.5)
Wasulieglususuuaider Taodeulinavrasiauna K uas Kz (0.5)
[Fe3+]gel [Fe(H3L)3+]ge1
=————— =750 W K,= = 2.00 x 10°
! [Fe3+]aq ? [Fe3+]ge1[H3L]gel
9zle 1.00x107* = [Fe*|aq + Ki[Fe¥'|aq + K2[Fe*gei[HaL]gel
1.00x107* = [Fe3*]aq + Ki[Fe*t]aq + K1Kz[Fe3 ]aq[H3L]gel (0.5)
IngUlazuNUAT
1.00x10-* = (1 + K1+ 1(11(2[H3L]gel) [Fe3+]aq
1.00 x 104
[Fe3*],q = (0.25)
1+K; + KlKZ[H3L]gel
1.00 x 10~*
[Fe3+],, = (0.25)
97 1+ 7.50 + (7.50)(2.00 x 106)(4.00 x 10-2)
[Fe3*],q =1.67 x 1071 M
WwnuA1 [Fed3+]aq 1u K1 uae Kz
[Fe*]ge = Ki[Fe3*],q = (7.50)(1.67 X 10719) = 1.25 x 107 M (0.25)
[Fe(HSL)3+]gel = KZ [Fe3+]gel[H3L]gel (0.25)
= (2.00 x 10°)(1.25 x 107%)(4.00 x 1072)
=1.00x 107™* M
39 2
AUNNTTINVRIUYATEN 2 fufle Fe®*(aq) + HsL(gel) = [Fe(HsL)]**(gel)
K= KiKz = (7.50)(2.00x10°) = 1.50x10’ (0.5)
ilesanAnsfiaugavesUizensgann SsauyRlrnsendrsiuinldauysal (0.5)

ety [Fe(HsL)**]gel = 1.00x107* M
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[Fe(HgL)3+]gel
NN K= =2.00x10°
[Fe ]gel[H3L]gel
3
[Fe**] [FeCtsl) e L00x107" 1.25x10° M
e = = = 1.
gel K>[Hs3L] (2.00x106)(4.00x10~2)
gel
[Fe3+]ge1
war K= ———= 7.50
' [F33+]aq
[Fe3+] -9
1 1.25x10
[Fe**]ag = &= = 1.67x107°M

K 7.50

sziiudn [Fe®™] |, [Fe’*] << [Fe(HsL)**] | wanein Uffsendnesuialiauysal
aq gel gel v

(0.25+0.25)

(0.25+0.25)

(0.5)
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Amautedi 12 (15 Azuuy) (2.5 + 12.5 + 0 AZIYLY)

12.1 (3.5 ASLLUY) PNNTNAABIVOIUNITIUHL

12.1.1 ansialvednznau e BaS0, (1)
12.1.2  anududuvesainlutisiegne T1 = 0.002580 mol/L (0.5)

ANNLTUTsaalulnf 019 T1 = 248 mg/L 0.5)
R
SO?{ (mol/L) — 0.3011 g BaSO, « 1 mol BaSO, y 1 mol SO% y 1000 mL (1)

500.0 mL sample 233.4 gBaS0O, 1 mol BaSO, 1L
= 0.002580 mol/L (2.580 x 10~ mol/L) (0.00258012)

SOﬁ_ (mg/L) = 0.002580 mol SO% 96.1 g SO; 1000 mg (0.5)

X X
1 L sample 1 mol SO%~ 1g

= 248 mg/L (247.938) fwiasiaidiesnain mol/L agld 247.94953

(unummegduavidiavdeang luigndesnlaimils -0.25)

12.2 (4 AZHUY)  AINNSNAADIVDIUNLSYUHR2

12.2.1 Avpsansazany : neulmnse blue

NYnef

wine red

(1)

Yoy 0.5 AZLUY UADwavaagy 2 vod lulinzuuy

12.2.2 audutuvestamlnluidogng T2 = 289 mg/L 0.5)
/AN
mol EDTAadded = 35.00 mL EDTA x 0'(1)(2)(1)8(1;20]315,?:A =0.0007350 mol 0.5)
mol EDTA remained = mol MgS0O, used
mol EDTA reacted = mol EDTA added — mol EDTA remained (= mol Ba?>* = mol S0%7)
mol EDTA remained = 19.55 mL MgS0, X 0.02220 mol MgS0, 1 mol EDTA (1)
1000 mL MgS0, 1 mol MgS0,
= 0.0004340 mol (0.000434010)
mol EDTA reacted = 0.0007350 mol - 0.0004340 mol = 0.0003010 mol SO3~ (0.5)
507~ (mg/L) _ 0.0003010 mol SO~ o 96.1g 504__ 1000 mg o 1000 mL
100.0 mL sample 1 mol SO3 1g 1L
=289 mg/L  (289.261) (0.5)

(unuaaesuavidiavdeangylignaoilaiivils -0.25)
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12.3 (5.5 AZHUY)  AINNSNARDIVDIUNITYUHRS

12.3.1 gnsialvednznau Ae ZnS (1)
12.3.2 anudntuvesdalndluinie 81 = 0.0000640 mol/L (0.5)
(6.40 x 107)
ANNLTUYBITa WA lu7e Bl = 2.05 mg/L (0.5)
AU
mndn: Lidwdudeaansaunsieluil willazuuwieriumanaaunissmeglunmsduiau
prnau ZnS azaelu HCL la §2
S2~ + I,(excess) —» S+ 2I-
I, (remaining) + 25,05~ — 21~ + S,0%"
0.01262 mol I,
_0.02520mol S,05”  1moll
mol I; remained = 22.50 mLS,03" X : _3 X 22_ (1)
1000 mL 5203 2 mol 5203
=0.0002835mol (0.000283500)
2_
mol I, reacted = 0.0003155 mol — 0.0002835 mol = 0.0000320 mol I, X % (1)
2
0.0000320 mol S~ 1000 mL

2- = X (05)

$7 (mol/L) 500.0 mL sample 1L
=6.40 X 107> mol/L  (0.00006400)
0.0000320 mol S~ 32.1gS*” 1000 mg 1000 mL
S (mg/L) = x2282 & 0.5)
500.0 mL sample ~ 1 mol S2 1g 1L

=2.05mg/L  (2.05440)

(unuaAes uavidiavdeangylignaeilaiivils -0.25)
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124 (1.5 ASLUY) PNNTNAABIVOIUNITIUHA

ANUNTUYB Tl LTS B2 = 0.614 mg/L 0.5)
AU
(laidndudpanenuanddsmanuduturesdalialuaisazate i luinen absorbance)
91N AUNIFVDINTINUIATFIU AD y = 10560x + 0.041

. (0.142-0.041)
S“" (mol/L) = W = (0.00000956439 or 9.5643939 x 10-¢) mol/L
ANMULTUYRIda WA lunAe B2
0.142—0.041) mol S2~ 2= 4 2=

g2- (mg/L) = ( ) % 10.00 mL S® diluted % 321¢gS % 1000 mg (1)

10560 L 5.00 mL S°~ from B2 1 mol $*~ 1g

= 0.614 mg/L (0.61403409) fuasiaiiiadngliilnan

watmwaenududunnsmansgiuneu warlawudy 9.56 x 10-6 mol/L

>> dlomuase wldmneu 0613752 wiiladu 0.614 mg/L Wiy

(unuarAes uavidiaydeangylignaoeilaivils -0.25)

125 (0.5 AzuuY) UIINIINDIAITIT 2 F9E9 AAdaliANILNAINIIINIFIUAIUANNTTE U

Rl

v v
o a

[] sunamianiziiie Bl
. . y ¥

V] ’iunaeianiziniig B2

L1 ehunowig 2 deeng

L] lishunessivi 2 daegis

i

Tifiameulute 12.3 waz 12.4 azliliazuuudoil
AMUTNTUTDITalWAluLNYe Bl = 2.05 mg/L  wagluindie B2 = 0.614 mg/L

Ao I o sa ) Y o I adou a ° v
ﬂiﬂ.Jﬁ’]U']mﬂ'J']llLSUNEUUGU@Q%a‘lWWN@I LAANNBUARAARBDINUATINUNLIYUATUITUY E[,Vi 0.25 AU

R i b R b g






