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AMBUTDN 1 (14 AZKUL)

1.1 (3 AzZuuUw)

ANAMULALUDINELE = 35.0 38 35 (1 AZLUU)

(@wou 35.7 luldnzuuuinau)

/AN (2 AZLUL)

AUANUNTUYetlopaumng § Tumiieg o/L
Chloride

557 mmol CI 1 mol 355 ¢ Cl
1L % 1000 mmol % 1 mol CU”

g Cl/L = = 19.8 g Cl/L (0.5 pt)

(m5290mzuuIsvilesaulnlosounil)

AANUTNTY (/L) Tuvihussisadulanasinisng

Tovau AMUULTY (mmol/L) | waezmew/lossu ALY (g/L)
Chloride 557 35.5 19.8
Sodium 478 23.0 11.0
Magnesium 54 24.3 1.3
Sulphate 29 96.1 2.8
Calcium 10.5 40.1 0.421
Potassium 10.4 39.1 0.407
PR - - 35.728
wasnvesvedfiazaisld (/L) = 19.8 + 11.0 + 1.3 + 2.8 + 0.421 + 0.407 (1.0 pt)
= 357 g/L
) 35.7 g 1L
AULAN (g/ke) = L *Tom ” (0.5 pt)

35.0 g/kg
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1.2 (2.5 azuuu)

AT IMBLANBUNITINIINGR = 7 Vi (0.5 AgLUW)

(G\@UL%UL@%??’M’JUL&N)

/AU (2 AYLUL)

{faNI5URINASYBY 0.1 M AgNO; MI9agf = 20 mL

maulnaves Agt Tuansazary AgNO; 20 mL

0.1 mol Ag* 1L
mol Ag* = e 20 mL x ——— = 0.002 mol Ag* (0.5 pt)
1L 1000 mL
AUNITNITINTH Ag'(aq) + Cl'(ag) — AgCU(s)
ulua Act 1
R Ok R (0.5 pt)
31uulua Cl 1
avnfdliFonaimeia mswinluaves C luihmeia 25.00 mL
557 mmol CU” 1 mol 1L
mol Cl" = ———————— x 25.00 mL x x = 0.013925 mol CU (0.5 pt)
1L 1000 mmol 1000 mL
Fulua CU 0.013925 mol Cl°
_ Mo (0.5 pt)

Puulua Agh 0.002 mol Ag*
6.9625 = 7

(%
LY e A

U ABILADINAIDYNUTEUIU 7 19N
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1.3 (5 AZLUY)

ANNGBNNNA UL D Wihves h
e e 0.71 o e - (0.5 AzLUW)
WdaURYNIUIBWINNY a3aUuIATUANHEN

/A (4.5 Azuw)

asiouniiazanwdn (aenew) I fie Caso, (Rarsauandn Kip 989 CaSO, = 6.0 x 107) 0.5 pt)
y 10.5 mmol Ca?* 1 mol
[Ca®] lwihmzia = x = 1.05 x 10 mol/L (0.5 pt)
1L 1000 mmol
y 29 mmol SOz* 1 mol
150,27 Turmeia = — = 2.9 x 107 moU/L 0.5 pt)
1L 1000 mmol

TU3umsSuduvesimeialuuide = v,
Busiu [Ca> 150,77 = (1.05 x 107) (2.9 x 107) = 3.045 x 10 Gatfeendn k,, ansdadfalunnedn

dlovmeiasymeauiiusinns V, uay [Ca2 S04 > Kip (6.0 x 107 auI5UAANEN CasO, (0.5 pt)

v Vl
N GV, = GV, aglaan G, = 7 G (0.5 pt)
2
2+ Vl -2
G, U4 Ca = 7 x 1.05 x 10™ mol/L
2
2- Vi -2
C, U499 SO, = 7 x 2.9 x 107 mol/L

2
9uBUANEN CaSO, lo  [Ca?[50.2T > 6.0x 107

WuA1 G, ¥89 Ca”* uay SO~ Wianannileoaullrunnevinlisuiangn CasO, (0.5 pt)

V V
(le 1.05 x 10‘2) (le 2.9 x 10‘2) > 60x10™

2 2

2
E -2 -2 -4
(1.05x 1079 (29 x 1079 = 6.0x 10

Z
2 -4
(ﬁ) S 6.0x 10
v,) T (1.05x 1079 (2.9 x 1079

—
Vi > 6.0;< 10 ; (0.5 pt)
V, (1.05 x 107) (2.9 x 107)
Vi
— > 14
v,
v, > 14V,

v, < 071V, (0.5 pt)
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T U3ums V, = Wufl (A) x h = hA uag
J3uns v, = Nt (4) x h, = hyA
wnuA1 Vi = hA wag Vo = hA T v, < 071V,
h,A < 0.71hA (0.5 pt)
h, < 0.71h

At ALY luLWRImMEeauNdIMTewIiU 0.71 Winuad h @15188Uu CaSO, FATUANKAN
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1.4 (3.5 AZLUY)

Iandslofeumaslsn = 166 f

(mautdulausnuIuLAL)

/A (3 AzLUL)

(0.5 AzZLLULU)

¥ 400 A1519 4 m?
PuNuIUag =10 13 x . X
115 1 A151970

= 16,000 m?

10° cm? (or mL)

1m?

Uunesisuduvesdvela = 16,000 m? x NG 0.5 m x

= 8.0x 10° mL
Tuthmeziadl Na* = 478 mmoU/L waxdl CU = 557 mmol/L (Na* 1Ju limiting agent)

478 mmol NaCl 1 mol 58.5 ¢ NaCl 1L

X X x 8.0x10° mL x ———
1L 1000 mmol 1 mol NaCl 1000 mL

= 2.24 % 10° g NaCl

I NaCl =

HBMNLANIUSEAULNNELAMEAD 1 cm

10° cm? (or mL)

YSnmnsgannevenimela = 16,000 m? x AINETaINea 0.01 m x oo
m

= 1.6x 10° mL
anmazanglaues NaCl = 36 ¢/100 mL

36 ¢ NaCl
100 mL

Aati Azdl NaCl azangag x 1.6 x 108 mL = 0.576 x 10% g NaCl

USunad NaCl fimnmdn = USuna NaCl 1Sudu — USunas NaCl fiazangle
= 2.24 % 10° ¢ NaCl - 0.576 x 10° g NaCl

1 ke 1 ton
1000 ¢ 1000 kg

1.66 x 10° g NaCl x

166 ton NaCl

(0.5 pt)

(0.5 pt)

(0.5 pt)

(0.5 pt)

(0.5 pt)

(0.5 pt)
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ANMBUTBN 2 (7 ASHUL)

2.1 (3 Azuuw)

AT UVDY HCO;™ = 2.287 mmol/L (0.5 AZLULY)
ANAUNYUVDS CO5Z = 0.013 mmol/L (0.5 AZLLUL)
WA (2 AZLUL)
el HCO;” + H,O &= COs* + HyO" K,, = 5.600 x 107

_ [CO31H,0"]
% 7 [HCOo3]
[CO5T  5.600x 107

= = 5.600 x 107

[HCO;] ~ 1.000 x 107®

[COs*T1 = 5.600 x 107 [HCO57]

[HCO5] + [CO5*] = 2.300 x 107 mol/L
WNuAT [CO5%] = 5.600 x 1072 [HCO5 ] agla

[HCO5] + 5.600 x 107> [HCO57]
§ou  [HCOsT = 2.287 x 10™ moUL

2.300 x 10~ mol/L
2.287 mmol/L

way [COs] = 2.300 x 107 - 2.287 x 10 = 0.013 x 107 mol/L

0.013 mmol/L

(0.5 pt)

(1 pt)

(0.5 pt)
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2.2 (4 azwuw)
oH Waswdu = 6.45 (0.5 AZLUL)
(MounALiuN 2 Flng)
WA (3.5 AZLLUL)
dosanluussenned co, fosay 0.12 TnguSinng feik ausugesues CO, = 0.0012 atm (0.5 pt)
N Cy = kP, = 1.6 x 107 mol L™ atm™ x 0.0012 atm = 1.92 x 10~ moU/L (0.5 pt)
deufaasueulnoenlasazarsinayldnsamivesdndsaunis
CO2(§) + Hzo(l) \_—\ H2CO3(aq)
WATAUIAT Ky (4.200 x 107) >> K, (5.600 x 107) n13AUI pH 983a15a2a1839AA1N
UHAZeN15uANAIT8e H,CO, Tt 1 Wit Tnedl HCO,™ way H.0" Tuthmeialulessusau
H,CO5  + HO = HCO, +  HO*
ananduduEudy (molL) 1.92 x 107 2.287 x 107 1.000 x 10 (1 pt)
auLtuiiUBsuwUas (mol/L) —X +X +X
asduduiianna (mol/L) 1.92 x 107 - x 2.287 x 107 +x  1.000 x 107 +x
[HCO31 H;0"]  (2.287 x 107 + x)(1.000 x 107 + x)
- - = 4.200 x 107’ (0.5 pt)
= T H,CO4 (1.92 x 10° - %) X P
Folu x = 3.42 x 107 moUL 0.5 pt)
[H;0"] = 1.000 x 10 + 3.42 x 107" = 3.52 x 107" mol/L (0.5 pt)

pH = -log [H;0'] = -log (3.52 x 107) = 6.453
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Amaudedi 3 (10 Azwuw)
3.1 (3 Azuuw)
ANMUAUBDFLUANVDIUINELATIEN = 31 atm (0.5 ALLUL)
(maulavledAgy 2 fn)
pauaYIUa 1A HAAYIN 0.25 pt
WA (2.5 AZLUIL)
AT, = iKm
2.4°C = (2)(1.86 °Ckg mol™) m (0.5 pt)
m = 0.645 mol/kg (0.5 pt)
o W - y 0.645 mol NaCl  58.5 ¢ NaCl 37.7 ¢ NaCl
ANMUNTUIBNAD I UUNZE = X -
1000 ¢ H,O 1 mol NaCl 1000 ¢ H,O
0.645 mol NaCl 0.645 mol NaCl
- = 0.5 pt)
37.7 ¢ NaCl + 1000 ¢ H,0O 1037.7 g seawater
0.645 mol NaCl 1000 ¢ 1.020 ke seawater
_ % x = 0.634 mol/L 0.5 pt)
1037.7 ¢ seawater 1 ke 1 L seawater
aududuveandelutimea = anrududuveandeludenlan
= aududuveandelutvziadion
T = CRT
= (2)(0.634 mol/L) (0.082 L atm mol™ K™) (300 K) (0.5 pt)

31.2 atm = 31 atm
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3.2 (7 ASLUU)

1.4 x 10* C (0.5 AZLUL)

3.21  msuenaareumeamelniinldussqliin

(maulugy ab x 107

aa o
WANUIU (1 AZLLUL)

UiAzefiuelna : 2H* + 2e” = Hy(g) E° = 0.00 V
oy 2 mol e
Usgqluiiidesld = 7.0 x 10 mol H, x ——— 0.5 pt)
! 1 mol H,
1F 96,500 C
X x — (0.5 pt)
1 mol e~ 1F
= 135x 10" C = 1.4x10"C
322 dndlwihvhaniifeddusnaaeimaadeliin = 1.34 Vo (0.5 Azuuw)
(nouwavtiadfny 3 ¢7)
WA (2.5 AZLUL)
UfAzefiuelna : 2H" + 2e” = Hy(g) E° = 0.00 V
ﬂﬁﬁ‘%mﬁudu@ : O,(9) + 4H* + de” = 2H,0() E° = +1.23V
00592 Py
0.0592 300
= - lo = -0.547V (0.5 pt)
2 %10 x 10
0.0592 1
Eoppo = +1.23- . log Po T (0.5 pt)
2
0.0592 1
= +1.23 - | = 0793V (0.5 pt)
4 5300 x(1.0 x 109 g P

Ecen = EH*/HZ - EOZ/HZO (0.5 pt)
= (-0.547) - 0.793 = -1.34V

dndlndrsmannasdduenaarsvimeanielwiwingu 1.34 V

q
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323  aunslilihdaaiidedd = 1.8 x 10" J (0.5 AzHUL)
(noulaviludAgy 2 7)
A (0.5 AZLUL)
AG = —nFEceu
= -(2x7.0x 108 mol e) (96,500 —) (-1.34 V) (0.5 pt)
V mol e
= 1.8 x 10*
324  Aldaremaevesndsanulwihiidedd - 320 AUV (0.5 AzUUW)
poulluavduuiu

ada o
28R (1 AZLUU)

1)
Kilowatt-hours = (1.35 x 10 Q) (1.34 V) (
1CV
= 50 x 10" kW-h
. " 1 kW-h
9@ Kilowatt-hours = 18 x 107 J\ ————=%—
3.6 x 10

6.3434 U

Cost = 5.0 x 10" kW-h x
1 kW-h

= 32 x 10" U™

= 320 aWUUM

-1

S
= 3.6 x 10°J
W

1
*1 kW-h = 1000 W x 3600 s x

)( 1 kW-h
3.6 x 10°

3
J) = 5.0 x 10" kW-h

)

(0.5 pt)

(0.5 pt)
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ANMaUTaN 4 (9 AZLUL)

4.1 (2 Azuuw)

waadl Zn/HCU liianansn3aad QCl, Wusig Q 1t

(0.5 AZLLUL)

Judsfadnustline gaina £2 vesuizefinsosmnaduay

oA (1.5 AzLwUL)

Zn + 2Q0%" + AH" — Zn** + 2Q°* + 2H,0

E°=0.15-(-0.76) = 0.91 V \Aale
Zn + 2Q°" — Zn*" + 20*

E° = (-0.37) - (-0.76) = 039V  ifinla
Zn + Q*" — Zn* + Q

F° = (-1.63) - (-0.76) = —-0.87 V  \Ankila

o

(61AAIN H, Wusising a1 £2 agsnnind)

(0.5 pt)

(0.5 pt)

(0.5 pt)

4.2 (2 AzuuU)

LAAENNTSTAATULUTD N. LY 4 @Unns

(Fun1359¢ 0.5 AZL)

A/Ar

(1) TiCl, + 2Mg — Ti + 2MgCl,
H+

(2) 2TiCl; + Zn — 2TiCLy + ZnCl,
H+

(3) TiCl, + Zn — TiCl, + ZnCL,

(@) 4TiCl, + O, + 4HCL —> 4TiCly + 2H,0
(5) TiCly + (+2)H,0 — TiOxH,0 + 4HCl
insuuvdmsulfaseaeluddae

Serfinanedusenles TIO, TiCl, + 2H,0 — TiO, + 4HCl
H+
2TiICly; + Zn —> 2TiCl, + ZnCl,

[l
299)
D

UARS eI (Snludi) Zn + 2HCL — H, + ZnCl,

ﬁ
UiRTlululdfasiAndne  2TiCL, + H, — 2TiCl, + 2HCL
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4.3 (2 AZuuw)
EC oy 8PN = ~1.21 vV (0.5 AZLUL)
WA (1.5 Azuw)
Q*+e > Q" = 037V
910 AG® = -nFE° AG°, = -1F(-037) = 037F (0.5 pt)
Q% +28 —0Q E°, = -1.63V
AGOZ = 2F(=163) = 2(1.63)F (0.5 pt)
aun1ssil: Q7 +3e —Q AG°.,, = AG° + AG,
3FES,, = 037 F+2(1.63)F
037 F+2(1.63)F
Eo, = o (0.5 pt)
= -1.21V
4.4 (2 AZLUY)

R Ao

Si %58 Yanau

TIUdENAToUAEY =

(0.5 AZLLUY)

(0.5 AZLUL)

A8 U NG

Si aglumy IVA In1sdndianasewdu 3s? 3p? Jadidnnseunerdiuiu 2 Sidnnseu

Joyausznau  Sidlnaezneutesndn Ti 4 4 valence electron Winfiu yavaeuwvialgLmilouiy

SiCly Wuvesmaiigumaiivies (mp -68 °C, bp 57 °C) Weazaneuiavgnlalasladiiui

Ipnandngavineidu

o

Si02'XHzo

aal a a I oA Y A ! . a cala
WBdnseuAneadu - mi Tswerlsteniuindt Ti uasinasuseneunaslsnfidgns RCl

4.5 (2 AsLLUL)

ansveslooauy

sUnsaveslensy

looou +1 PCl "

Cl

sUnsadnth P
a” N\

(1 pt)

looau -1 PCly

cl
CI\FL/CI
o | el
Cl

JUNSIUUANT

(1 pt)
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AMBUTDN 5 (10 AZKUL)

5.1 (1 AzLu)

srgreTEnINsEUIUATSUaunlndiunanvewnslng = 330 x 107

(mautaviedAgy 3 M)

WA (0.5 AZLLUIL)

m (0.5 AZLLUY)

1 1 4 Ql' Y d’ d’
JELIITENINTEUIUANSUBUNINATUTIAR = d W n = 1
wazanlang A1 A= 154 x 107 m
Ausunnsing A1 0= 27.09/2 = 13.5°

; nA 1x154%x10"%m 1x154x10m
S 2sin@ 2 xsin135° 2 x 0.233
=330 x 10 m

AU

(0.5 pt)

5.2 (3.5 AzLUU)

U3ums unit cell vpaknsing = 34.6 x 1070 m?>

(nouwavtiadfny 3 ¢7)

UIUBLHBY C 7o unit cell VBILNSINA = il

aq

AU (2.5 AZLLUL)

(0.5 AZLUL)

(0.5 AZLUL)

A UMABLT NI 8C
N
c1 c2
%—I
a
oo a
ANUEID a W EPRIALNIT S - 2r sin 60°
a = G4rsin60° = 4 x(0.710 x 107" m) x 0.866 (1 pt)
= 246 x 107%m
ANLANIaTAINOUTD 5.1
ANEN C = 2x330%x 107 m = 6.60 x 107 m (0.5 pt)
U31795 unit cell ¥a9wns s - a%x C x sin 120°
= (2.46 x 107 m)* x (6.60 x 107° m) x sin 120° (1 pt)

= 306 x 1079 m?

U Fuezneu C fe unit cell vouuNsind = 4
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5.3 (3 AZLUY)

1l
oo

UIUREABY C A unit cell YVBINYS (0.5 AZLLLUY)

U311915 unit cell VoUNYS (Iugﬂsuaq r

8 3
(_ r) (0.5 AZLUU)
V3

DA (2 AZLUL)

farsangunsedntmiligln uaglvissesriseniteeney C MUl comer wag face centered

WINAU b
a/2 b
) a/?
Qa
b? 0.5 pt)
a
b = — (0.5 pt)
NG P
mﬂu?uﬁmmmmm?iammdu tetrahedral unit:
02 02
o — . = - g? 0.5 pt)
a/d 16 8
8 . V3
‘ . a :—3r 1198 rzga (0.5 pt)

b (= o}\/z)

faty Usumsuee cubic unit cell = @°

Il
(0] A
Sl e

=
N———
W

UIUREaaY C fp unit cell Yoy =
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54 (2.5 Aaziuu)
% packing efficiency YaUNYs = 34.0 (0.5 AZLUU)
(maunaday 1 Anunrug)
% packing efficiency aaaunslng = 17.3 (0.5 AZLUL)
(mounAlyy 1 ANLLRUY)
WAl (1.5 Azluw)
FUIUBEABUAD unit cell x USumsezmau © )
% packing efficiency = e —— x 100 5 pt
o 8 (V3 ?
_ N x3M\g4a 0.5 pt)
% packing efficiency UBIUNYT = e x 100
= 34.0%
q4xa (0.710 x 107% m)3
3 ) (0.5 pt)

% packing efficiency UuATLNG

(a6 x 100 my <10

17.3 %
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AMBUTDN 6 (10.5 ATLULU)

6.1 (1 Aazuuw)

sUlpssasvesneslins@u Y

(1 pt)

6.2 (5 asLuu)

gns Jan1wdingy wazagulassadaveddelawesniululivmunves X lneuansdruiilu

GUREAL MV GO,
ans [FeClPzpy] (0.5 pt)| ans [FePzpy]lCl 0.5 pt)
fo chloroporphyrazinatopyridineiron(lll) (1 pt) fo porphyrazinatopyridineiron(lll) chloride (1 pt)
Py py @
Cl
gns gns
3o B
U U
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6.3 (2 AZLLULU)

fodly AgNO; = 0.085 g (1 AZLUL)

(maunAday 3 ANLrUg)

A0 UL

0.010 mol X 1 mol AgNO;  169.9 g AgNO,

fadld AgNOs = 50.00 mL X = 0.08495
A “1000mL X © 1molX 1 mol AgNO, 8

X dmsilnilndfes M knvo, O keren), O cacl, O slucose (1 AZLUY)
6.4 (1.5 AZuu)

w inalwana O awdn O disdu M asas widy 35.5 deiflsuiu X (0.5 pt)
WSE

Fe(l) Waswdu Fe(l) aaslssvanainlaoasiuduaiiofieliasdunan (1pt)
6.5 (1 AZLuw)

a5i3etauLes Colll) + Z + Aavlse + pyridine & 2 Tolwmes (1 pt)

A105 UL NG
py py
Laiuanauseq
(NC), ‘D (CN),
cl cl
(H3C), (CHa),
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AMBUTDN 7 (15 AZKUL)

7.1 (3 AZLLUL)

UYzmaionglaiteuni

cb

1.90 x 10*

/A (2.5 AzLUL)

(0.5 AzZLLULU)

msaanefves C-14 Wuujisendusunils . 1C — N+ e

t d[14C]
rate = -
dt
[, 1
—— d[,,C
m&h@]hqj
[14C]
n
[1aClo

KC)
t

[ kat
0

—k(t - 0) = —kt

e t = ty,, (A1R39T30) [1,C] astdunIanileves [,Cl, Aalu

[14C]o/2
[1aClo

1
In =
2

(n

7139 k

C-14 fifA3ad3n 5,730 ¥ mindl C-12 g 99.9 % Hude i C-14 0g 0.1 % a1

[14C]
[1aClo

0.1 %
(n
1.0 %

n

t

_kfl/Z
—kfl/z = 0693
0.693 T 0.693
NI = —
f1/2 1/2 k

0.693
- t
i

0.693 ,
57300

1.90 x 10* ¥

(0.5 pt)

(0.5 pt)

(0.5 pt)

(1 pt)
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7.2 (3.5 AZLUY)

7.21 duAuvesUnsen = X X (0.5 AzLUL)

A (1.5 Azkuw)

T4 m waz n 1 Jududuufizenves CHsOH wag O, nuasiy

INMTNAADIT 1: rate, o - k [a]” [b]"
PN Y m n
INNTNAADIN 2; rate, = 1—0 = klal] [2b]
rate
2 _ L _ (0.5 pt)
rate, X
n (— = nn(
X
Y
n (=
)
(n(2)
=l Z m n
INNTNAADIN 3; rate; = E = k[3a]" [b]
ates _ 2 131" 0.5 pt)
rate, X

€
€
€

Pt UAUTIWVRIUANSET = m+n (0.5 pt)

o) nE)

n@ " h3)
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7.2.2  AmsdnsInsinufizen (k)

aa o
AWANUIU (1 AZLLU)

1
=1
ey

x 1
S
5
QIN
S~—

(0.5 AZLLLUY)

NNITNAADIN 1; rate, =

Ael ANATIERTINSLARUATEN

k

Il
5
—
%<
—
5
—~

(1 pt)

7.3 (5 AZLUY)

nsduaUeyuealvndssu

nsdumIULeN DA NS

AWMU 1-IWSWOIUBALANAIU

/AN (3 AZLUL)

o d‘ / 1 dl o
NATBINNY Tudesvesa1sNLanINITAIUIN D LENIUBDA

g M st nmsduand 1nswiuea

= 3.75

-27.24

-30.99

(nAmeU nAlles 2 dumns)

kJ/g

kJ/g

kJ/g

O 1wswauea

(0.5 AZLLUL)

(0.5 AZLUL)

(0.5 AZLLUL)

(0.5 AZLLUL)

1MBUBNIUDA

AH

- 4719-5974 =

1,255 kJ 1 mol

= - 27.24 K/g

1 mol 8 46.068 ¢

CH3CH,OH(g) + 304(g) = 2CO4(g) + 3H,0(g)
{5(C-H) + (C-C) + (C-0) + (O-H) + 3(0=0)} - {4(C=0) + 6(O-H)}
= {5(413) + (348) + (358) + (463) + 3(495)} — {4(799) + 6(463)}
-1,255 kJ/mol

(WaluianaveuenIuea = 46.068)

(1 pt)
(1 pt)

(0.5 pt)

(0.5 pt)
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2199U 1-IWswuea
CHACH,CH,OH() + 9/20,(g) — 3CO,(g) + 4H,0(g) (1 pt)
AH = {7(C-H) + 2(C-C) + (C-0) + (O-H) + 9/2(0=0)} - {6(C=0) + 8(0O-H)} (1 pt)
= {7(413) + 2(348) + (358) + (463) + 9/2(495)} — {6(799) + 8(463)}
= 6,6355-8,498 = -1,862.5 kl/mol (0.5 pt)
L (1aluanaved 1-lnswiuea = 60.095) (0.5 pt)

1mol 60.095 g
- ~30.99 kJ/g

7.4 (3.5 AazLuY)

BLanAToUUABUIEAUNAIIUN N, = 2 W ny = 3

/AN (2.5 AZLUL)

(1 AZLLUY)

hc
0 AF = —
A
(6.63 x 10™* J s)(3.0 x 10° m/s)
AF - >
656 x 107 m/s
= 303x 107"
1 1
970 Rydberg’s equation; AE = Ry (—2__2)
n; nf

e Rydberg constant (Ry) = 2.18 x 107® J

11
2.18 x 107 (7——2)

nig— ng
( L ) 0.139
n’ nf -

(wasdunadunalurisrduiiniueaiu n, msidu 2)

3.03 x 107¥

WIUA Ny = 1, 2,3, . Wag 0y = 2, 3, 4, . luaunns

awlean n=2 uag np=3

(0.5 pt)

(0.5 pt)

(0.5 pt)

(0.5 pt)

(0.5 pt)
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AMBUTDN 8 (15 AZKUL)

8.1 (4.5 Aazuuw)

8.1.1 Ug’jﬁ‘%mﬁ%’jml,aium 4 {Al(s) + 40H(ag) — [A(OH),](ag) + 3e7} | (0.5 AZLUW)
Uﬁﬁ‘%mﬁ%’ﬁm‘lm 3 {0,(g) + 2H,0(1) + de” — 40OH(aq)} (0.5 AzLUL)
UfATeveumas | 4Al(s) + 30,(g) + 6H,0() + 40H (aq) — 4[A(OH),] (@) (0.5 AzLUL)

8.1.2 AG® = -2,316.0 kJ (0.5 AZLUL)

AS° = 115.8 J/K (0.5 AZLUL)
AH® = -2,281.5 kJ (0.5 A¥LLUU)

(MnAmeay nellen 1 Aums)

oA (1.5 AzLUL)

AG® = -nFE° (F = 96,500 C mol™ = 96,500 J V"' mol™)
= —12mol x 96,500 J V"' mol™! x 2.0 V (0.5 pt)
= -2,316,000
= -2,316.0 kJ

AS° = nFx (x = 1.0 x 10™ V/°C = 1.0 x 10 V/K)
= 12 mol x 96,500 J V' mol™ x 1.0 x 107 V/K (0.5 pt)
= 1158 J/K

AH® = AG® + TAS®
= -2,316,000 J + (298 K x 115.8 J/K) 0.5 pt)
= -2,281,4916 J

= -2,281.5 K
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8.2 (6 AZLLUW)

USmsiaud = 2.46 L (0.5 AzUUW)
YSuasgaving = 9.79 L (0.5 AzUULW)
QauUQilanney = 119.39 K (0.5 AzUUW)

U = 2.25 kJ (0.5 Azliuw)

(nnFmey neAlley 2 i)

AN (4 AZLUL)

nn PV = PV
Cp
v oG
Cr = 5R/2
C, = 3R/2
Y = 5/3 (1 pt)
v, - nRT;
P
v 1.0 mol x 0.082 L atm mol™ K™ x 300 K 05 pt
10.0 atm
V, = 246L
n PV = PV
10.0 atm x (2.46 L)° = 1.0 atm x V,”? (0.5 pt)
V, = 9.79L
210N PV, = nRT,
10atm x9.79L = 1.0 mol x 0.082 L atm mol™ K x T, (0.5 pt)
T, = 119.39K
10 AE = nC,AT
= 1.0 mol x (3/2 x 8.314 J mol™ K™) x (119.39 K - 300 K) (0.5 pt)
= -2,252.39
AE = g-w = 0-w (0.5 pt)
- _AF (0.5 pt)
= 225239
= 225K
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8.3 (4.5 azuuu)

USumsle = 63.63
JSupsveanay = 0.05
e iasuudas = 73.55

(nnFmay neAlley 2 i)

DA (3 AzLUL)

(0.5 AZLLUW)

(0.5 AZLLUW)

(0.5 AZLLUW)

lasuawmmmﬁwqammﬂu ideal gas

nRT

1@ \/2 = P

2 mol x 0.082 L atm mol! K! x (273 + 115) K

1 atm

= 63.63L

m
VIR Vi, = E
2 mol x 30 g¢/mol

1.2 g¢/mL x 1000 mL/L
= 005L

N AE = g-w
PAsih (1atm) AF = g - PAV
AE = g-P(,-Vy)
q = 2 mol x 40,000 J/mol =

AE = (2x40,000J)-1atm x (63.63 L -0.05L)

= (2 x40,000J) - 1 atm x (63.63 L - 0.05 L) x

= 73,553
= T73.55Kk

2 x 40,000 J

(0.5 pt)

(0.5 pt)

(0.5 pt)
(0.5 pt)

(0.5 pt)

(0.5 pt)
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Solution to Problem 9 (14.5 points)

9.1 (6 points)
CHs CHg
NO,
NO, NO,

Structure of A (0.5 pt)

Structure of B (0.5 pt)

Structure of C (1 pt)

O,N
cl
cl

Structure of D (1 pt)

Cl

Structure of E (1 pt)

H,N

O

NEt,
o—/

Cl

Structure of F (1 pt)

ClL/ALCL,

Reagent 1 (0.5 pt)

HNEt,

Reagent 2 (0.5 pt)




Structure of P (0.5 pt)
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9.2 (5 points)
OH OH o
CO,Et /@/\/COZE‘I
CO,Et
ON OH OuN OH O,N
H v G aauniuleg H iy G aauriuleg
Structure of G (1 pt) Structure of H (1 pt) Structure of J (1 pt)
oH OH CLLCHCO,CL
%79
N
O,N 3 CLCHCOOH/heat
Structure of K (1 pt) Reagent 3 (1 pt)
9.3 (3.5 points)
)
HO

Structure of L (1 pt)

Structure of M (1 pt)

HsCO

Structure of N (0.5 pt)

(S)-Naproxen sodium (0.5 pt)

Structure of Q
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Solution to Problem 10 (9 points)
10.1 (3 points)
Structure at pH 3
Taseasrenallile 1.5 aziuu
NH, NH, T NH,
N B M N N N R
I A i ¢ J i ¢ )N
N N N
HO—P—0 N HO—P—0O N4 HO—P—( N
| © | | | o
o H H o) H H H o} H H
H H H H H H
OH OH OH OH OH OH
Taseasemaluile 1 aziuu
NH, NH, NH,
N N N /H N AN
(1Y (L) (L
” N ) ” N ) ” N Z
HO— o N HO—P—0 N HO—P—oO N+
| o | o I ° |
o H H OH H H OH H H H
H H H H H H
OH OH OH OH OH OH
NH, NH,
N \N+/H N X
i A i (A
N N
—o0 N o—P—o0 N+
| © | © |
(0] H H o) H H H
H H H H
OH OH OH OH
Y NH, H NH,
. I,
N \N N \N
; Sy ? ]
HO I N N o—Ll— N N
o o | o o
OH H H o H H
H H H H
OH OH OH OH
Tassasnasaluille 0.5 Avuwuu
*NH, *NH,
N A N A
| </ | )N ﬁ </ | )N
N N — N N
HO | (o] o T (e} o
OH H H o H H
H H H H
OH  OH OH  OH
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Structure at pH 14
Tassasenaluilla 1.5 azuwuu
NH, NH,
N A N X
N N
0 </ | ) Q </ | )
- N ol -
| © (0] | © (0]
o H H (e} H H
H _H H H
OH (@] (o] OH
Tassasrenaluiila 0.5 Azuuu
NH, NH, NH,
N A N X N A
CA J I <1 J
I N N HO—I|3|— N N Ho—lF!— N N
= | 7o | % o
(e} H H o H H o H H
H H H H H _H
OH OH (@] OH OH (0]
10.2 (1 point) Assignment of stereogenic centers of AMP

NH»
N A
)

O N/) ’«gﬂaz 0.25 AagLuu

ABULNU 4 97 0 AZLUL

10.3 (2 points) Hydrogen bonding pattern between inosine and adenine

H

r O---H- N w
ﬁw N \
inosine adenine

11 adenine w1 pair Moty o ldRaualildrzuuuLay

- wanauUse hydrogen bond wA 1 fuse liindnansuanaseials mndugne 1 ¢ 1

- i R avuanafudmnwEeves nucleotide visauanaluiios H viiauanadudurdnile liwnazuuugiud

Y Y

1 AZWUL LAY
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10.4 (1 point) Structure of tautomer of inosine.

H\O

N7 N\

N
R

wy R azuanaludiniivaeves nucleotide wiouanaduiiies H visowanadudundnily luwnazwuy

a7l

10.5 (2 points) Hydrogen bonding patterns of the tautomeric with a standard base.

MAgAU T %38 G linghuuiy 2 Azuuy

guanine
G N O----H-0 H O----H-0
G) (/ ) ; N\W 3 5 N\ﬁ
7\ . / 7\
N N—H----N N thymine N—H----N N
4 N:< \=n Ry (T) N« \—y N
/
/N—H V"z,, e
H

' v
a1 (% o LY U I

WNAlAeNaUAY Iavidaiutnaaautneiu e hydrogen bond aiuned 1o 1 Avuuy

Y
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Solution to Problem 11 (6 points)

HNTS

\)\CH3

Structure of A (1 pt)

O

\)kCH

3

Structure of B (1 pt)

NG,

Structure of C (1 pt)

O O

OCH,CHj

Structure of D (1 pt)

WH

@)

Structure of E (1 pt)

HgSO4, H2$O4
H,O

Reagent 1 (0.5 pt)

1) BH,

2) H,0,, NaOH

Reagent 2 (0.5 pt)




