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Mneuven 1 (14.5 azuuu)

1.1
Y
AN uTUYeIas 4-NP luiihdiods =

798

(760-520 7 I#) mg/L (0.5 Azuuw)

0 <
ABULAVITUIUIAY

-1 -1
molar absorptivity (€) vosas 4-NP = 306 L mol ~ cm 5
(290-320 A1) 0.5 Aztuw)
ADLIAYIIUIUIANIAZ T2 WY
FBAaanNnudutuas 4-NP luihdiedis (2.5 azuuu)
mwm%’u%ummmimmj;m 4-NP 5udu = 0.2500g X 1000mg X 1000mL _ 2500 mg/L
100mL 19 1L (0.5 AzIUY)
A uvesdsnasg i 4-NP luvaaii 1 = 2500mg  1mL _ 0, mg/L
1L 25mL
A1319A1 Absorbance VOIA1TNINIFIU 4-NP (0.5 AzLuw)
et | anduduvesmsasgiu 4-NP (mg/L) Absorbance
1 100 0.21
2 200 0.43
3 300 0.64
4 400 0.87
5 500 1.07
ﬂiW‘liJW]i§1u5U’éN’c‘fﬁ 4-NP (0.5 AzLuw)
1.20
y = 0.0022x - 0.004 P
1.00 /
8 0.80 —
(48]
< 0.60 S
2
= 0.40
<
0.20 /
0.00
0 100 200 300 400 500 600
ANMINTUVOIIITNINIG I 4-NP (mg/L)

211nn31 A1 Absorbance vesauafianae Isvlesy = 0.83 1Suaians 4-NP= 379 mg/L (0.5 Azium)

Y Y
aruanaiialsuiag 10.00 mL Uszansamlumsana 95 % 91011620619 5.00 mL

379mg X 10mL X 100 =798 mg/L (0.5 Azuuw)
1L 5mL 5

Y
aNuEuIUas 4-NP luiidieegs =
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aa

25A9 molar absorptivity (€) vo3a1s 4-NP (1 aziuu)

nn A =¢gbc
eb = anuFunnnImunIgIu (0.5 Azuun)
e = anuFunnnsmlnasgiu Jamdivua b = 1 cm)
¢ =0.0022 L mgtcem™

waeumiae & 1T L mol ™ cm !

w2a Tuanavedd1s 4-NP (4-nitrophenol) = 139.0 g/mol

L 13909 1000Mg _ 5661 moltem™

€ = 0.0022x I 1 (0.5 AzLuw)
mg-cm  mo g
12 (3.5 AzLUY)
gasinfiveslesen AsO | mmlassadhaiiuansgds FoisungUs [AVDBNTIAYY
G2 X, y Hluduav) looou Y09 AS
3 A . _ _,A:s'.,o_ fiszdiaguaumaey
AsOs™ 130 AsO, O (5— (Trigonal pyramidal)
130 ) +3
%30
(0.5 AzuuL) /‘As'\ 3190 (Bent) (0.25 azuuu)
‘v 2o
aounuulanla
(0.5 aztuu) (0.5 azuw)
O
ASOL~ p“ RGN +5
o Sqr/o‘ (Tetrahedral)
(0.5 azuuu) o (0.25 aguuu)
(0.5 Aziu) (0.5 Azguuw)

1.3 aumsuaaalfnseszrninamedinzany AsO lumsazaiensa (noulagszydiavuny X uag

y lugasiai) (2 AZIUY)

AsOs>~ (aq) + 3Zn (s) + 9H" (aq)~> AsHs (g) + 3Zn** (aq) + 3H,0 (I) 3o

AsO, (aq) +32Zn (s) + 7TH" (aq)—> AsHs (g) + 3zn% (ag) + 2H,0 (1)

AsO,> (aq) + 4Zn (s) + 11H" (aq) = AsH; (g) + 4Zn** (aq) + 4H,0 (1)
(M39579 Tazuuuaumsaz 1 azuuy 9379 1HALHURNIZTUNITVDY A8033_ %30 AsO, uag

9
AsO,”” iy gaaumsianaumsaag (0.5 azuuu)
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1.4 pH dmdgannmasuuih i As,S; anaznou = 7.56

(0.5 azuun)

(poUNAHEY 2 AUNU)

25A9 (2.5 AZLUUY)

H,S (aq) = 2H" (aq) + S* (aq) K=1x102

+72 2—
% =1x10% unum [H,S] = 0.1 mol/L
2

+121Q2-
awig 5] {S I -1x102
[HP[S*] =1x107% H] = [1x107%

H] = 1x10% [S*]

[s*] 1x10%

pH=—log [H"] =-log

[S*]

100mg>< 19 ><1mo|
L 1000mg 74.99

[As] = [As*] = =1.3x 107> mol/L

As,S;3 () =2As* (aq) + 35% (aq) Kep =4 %107
f1uaa [S2 ] fisiigaiiihll As® anaznewdiu As,Ss
[ASS+]2[827]3 - 4 X 10*27
(1.3x10°)?[S* P =4x107%

ST = 4x107
(1.3x10°%)?

[S2] =%2.37x10% =1.33x 10" mol/L

4o 4 do y
pH fidinganiild As® anaznowilu As,Ss

-22
pH = —Iogwl% = —logy7.5x107% = —log (2.74 x 10°®)
. X

=237 x10%

(0.25a211U)

(0.5azuUN)

(0.5az141)

(0.25a21U1)

(0.5az141)

(0.5azuUUN)
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15
doaldnalumsinlinser = 3 2 1109 (0.5 AzUY)

(MoURVTILIUIAY)

509 (1 AZUUY)

[ FZ
1190 1.1 anudutuisuduvesars 4-NP luii ~ 800 mg/L

30- min 30- min 30- min 30 min

800 mg/L————> 400 mg/L ———> 200 mg/L ——> 100 mg/L ———>50 mg/L

30- min 30- min

— LM 5 95 mg/l —2™ 5 125 mg/L desldnarrianua 6 A3953a (6 x 30 min = 180 min)
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Mneuven 2 (11 azuuu)

2.1 Kundosrne “x” Nyaduyavoins lnmsa Andunswl

14.00
12.00 1
10.00 +----
8.00 +----
6.00 4----
4.00 4
2.00 f----
0.00

I
o

A---t---R--F---F--4———=--
N R S S e ) [
S P P S

0 10 20 30 40 50 60 70O 80
1Sinasvoamsazaiw NaOH {mL}

(0.5 aziuu)

"]

ee

£
[l N
)

pO)

EATRR (0.25 azuu)
a a P y
2.2 BuAMDI NN TuNgaNo Thymol blue
A aa .. ., oA
2.3 #15a219NIATUALAD Succinic acid 1159 C4HgO4

IHHD mﬂ%’ay’aﬁhmf‘fﬁmummzmwﬂwuﬁwgﬂﬁugammms"l,mmmﬁﬁwﬁaq
Aeiilold NaOH 1/511a3 20.00 1az 40.00 mL aTd sy

PKa = A1 pH vesasazaie 1ile 14 NaOH 151105 10.00 mL (pH ~ 4)
Kz = A1 pH vasmsazaie 1ije 14 NaOH 1511a3 30.00 mL (pH ~5)

9 a dyd D
Iﬂi\?ﬁﬁ'l\‘l"ll’f]\?ﬂiﬂ"]fuﬂuﬂ@ 1 8]
M CH}CH}- —{

OH

Succinic Acid

(0.5 Azuuw)

(0.5 aguuu)

(2 AgLUN)

(2 AgLUN)

(1 azuui)
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2.4 pH Yyeeasazaeh ldnmsfiuin = 3.73

ADUNANYY 2 AIWHUQ

A (2.5 azuu)

(0.5 aguun)

Lﬁmmﬂ C4HgO4 (1 diprotic acid UNUAIY HoA

H,A+OH — HA +H,0
mol H,A ftnasluaisazats = (0.100 mol/L)[20.00 L | - (0.100 mol/L| 5.00 L
1000 1000

=1.50 x 10" mol

ANUTUTUVD HoA ﬁmﬁaiumiazmﬂ = 150 x 10 mol
(20.00 + 5.00)/1000 L

= 0.0600 mol/L
mol HA  ftAavuluesazaie = (0.100 mol/L) x 5.00 L
1000
-~ 050 x 10 mol
ANuT U U0 HA ﬁgﬁﬂﬁuiumiazmﬂ = 0.50 x 10° mol

(20.00 + 5.00)/1000 L

= 0.0200 mol/L
nauN15 Henderson-Hasselbach

pH = pKa + log_[HAT]
[H2A]
= 4.21 + log [0.0200]
[0.0600]
=3.73

(0.5 azuuu)

(0.5 Aazuuu)

(0.5 azuuu)

(0.5 azuuu)

(0.5 azuuu)
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3 o 1
2.5 $ovazlasuiavoenialuvoadadiodny = 17.7 (0.5 azuun)

apUNANY 1 AU

A ma (1.5 azuuw)

H,C4H404 + 2NaOH — Na,C4H4O4 + 2H,0

% succinic acid = 15.00 mL NaOH x_0.100 mol NaOH (0.25 aztuu)
1000 mL NaOH
x 1 mol H,C4H,04 (0.50 AzLLu)
2 mol NaOH
x 118 g Hy,C4H404 (0.25 Aziuwn)

1 mol H2C4H404

X 1 x 250.0 mL sample x 100 (0.50 Aztiu)
25.00 mL sample  5.00 g sample

= 177 %
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Mneuven 3 (16 Azuuw)

1 [ 4 9 o A a a
3.1 sgriumsdunsigieans A Ao lussuuNNoonFRUUININUND W12

el rx? oondasuauiinlidrani Tas Co® luRartlu Co?* nduin

4Co*" +0, + 4H" — 4Co* + H,0

1o & 1 1 o a - .
Tusudludesldaums / Smeuuairlding oxidation 14 0.5 Az

(1 pzun)

3.2

a aaa ' Ia @ @
aums lopotnudalfnseims lnmsaszrinmsisznoulavesamsu A nu AgNOs Ao

Ag" +CI~ — AgCI(s)

(0.5 agLuu)

A1 pAg Nyaauya =

4.87

(0.5 aguun)

ABUNANY 2 AU

7570 (1.5 azuun)

4

259 1 Weunsmanuduiuiseninea pAg luuvwiunu y nudsuasvesaisazats AgNO; lu

! ) . . . <
LUHALLDU X LLéJ’JWTﬂﬂﬁﬁﬂ’Nﬂ‘Huq\iﬁ;ﬂ%"IﬂﬂiW‘l (‘ﬂ%‘ﬁﬁ]"lﬂﬂﬁ’l/‘l first derivative f‘lulﬁj)

8.00

* o -
*
7.00 1 M

6.00 .

5.00 4
< 400 1

3.00 4 .

2.00 4 L S

1.00 +

0.00 2.00 4.00 6.00 800 10.00 12.00 14.00 16.00 18.00 20.00
V (mL)

szunu X (0.25 azuuy) unu y (0.25 azuuy) danyagnsvuazuanddsigaauyalunsiv

(1 azuuun)

Qdd’ [ o 1Y d' 1 d‘ 4+ o Aaan [ — = d‘ Y A
351N 2 91AYNITAIUIUIINHANNITNI NIATNYA Ag Vn‘]J;]ﬂifJ”lﬂ‘]J Cl” woa miazmam“lmﬁmu

msazaeazneu AgCl Fanznou AgCl wuand 1 Ag” uaz CI Aeduu Tuamiiu

w14 [Ag]=[CI
J Yy 9 + o [ dy
ATV UVUUBDN Ag ATUIUIMN KSp PNU
[Ag'][CIT] = Ksp
[Ag'] = [CIT = (Ksp)*?

3.50

3.00

2.50

2.00

150

1.00

0.50

0.00
0.00

PAg = %pKsp = % (-log1.82x107'°)

= 4.87

.
000"’ * o o Py

5.00 10.00 15.00 20.00

(0.5 Azuuu)

(0.5 Azuuw)

(0.5 Azuuw)
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3.3 FeMBIBINnBUazgATUeIa1s A MTeuUdIuNUeIdsI B0 1T

gas A [Co(en).Cl,]ClI (0.5 Azguuw)

o A dichlorobis(ethylenediamine)cobalt(111) chloride (1 azuuu)

aA o s /o o
’ﬁllﬂ15Lﬂhﬂ@ﬁuﬁﬂﬂﬂﬁﬁ\‘uﬂ‘ﬂ$ﬂﬁ?ﬁﬂi%ﬂ@ﬂiﬂﬂﬁ)imu"ﬁu A

4 COCl,6H,0 + O, + 4 HCI + 8 en — 4 [Co(en),Cl]Cl + 26 H,0 (1 AzLuu)

WBAAMINIGAT A (2 AZIUY)

v 1
asszneuTavesamtu A azatei udar1d CI™ Feamnsohlfnsendn AgNO; 18
Tagi/5mas AgNO; figaduya = 8.25 mL (ganns 1w Tninsa)
uazandgnsenmslnmsa  Ag" +ClIm — AgCI(s) 14

mol CI” = mol Ag® = 0.0500mol Ag™

x8.25mL AgNO ; (0.25 azuun)

1000mL AgNO 4
= 4.125x10~* mol (0.25 AzuuY)
Aot minaaslsa = M x 4.125x10* mol CI~ (0.25 azuuu)
1mol CI’
= 0.01464 ¢ (0.25 azuuu)
% CI” Tamiwiin = 0.014649 Cl x100 = 12.44% (0.5 AzLUY)
0.1177gA

9

gasvesmsdsznou Invesamdu A i/ Teadi [Co(en),ClL]CI waz [Co(en)s]Cls
%CI™ Tagtimiinves [Co(en),Cl,]Cl = (35.5/285.4)x100 = 12.44% (0.25 aziuu)
%CI™ Tagtimiinues [Co(en)s]Cls = (3x35.5/345.4)x100 = 30.83% (0.25 azuun)

9
wazn % CI™ Tagrhmin shlvnsuh qmmmmiﬂizﬂ@ﬂﬂ@@i’ﬁzwﬁu A fa [Co(en),Cl,]Cl

9
%

- 1< 4 a {
w50  o1noulaemslddoya  stereoisomer  Al1d ilosnnasiBadou [M(en),Cl,] Wi

Y
diastereoisomer tiaz ¢ enantiomer fio [M(en),Cl,] miniu (2 AZHUY)
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3.4

9
91U stereoisomer NINNAUDIAIT A =

siuansloTaues ¥oloTasmesuasd

11

3 (0.5 pzuuw)

(3 AgLUY)

—|+

—I+

Cl Cl
Hy H, l \ H,
N ///l \\\\\N N ,/’/t, \\\\\\\Cl CI ///I'lt,, \\\\\\N
.Co’ Co’
N l WNH, H,N" / Wy
2 Ha H,
c: HoN \) \/NHQ
trans- Cis- cis-
Ao A1MA A1auaa

3 azuuu - loTamwesay 1 azuuu: 3UTnseade 0.5, Genyoduiuiiugl 0.25, & 0.25

suansg enantiomer

1 aAzuuw)

—|+

Cl
H» l
N’//; \\\\\CI
Hz

HoN

vl

(A isomer — llijLﬁEJ’JfT‘]JiqulJllﬁﬁ)

1o &
1 azuuu liduiludesszy A wie A 1

—|+

Cl
Hy
Cl ////,“’ \\\\\\N
Co’
N } Wy,
Hy

(A isomer — “lmﬁmﬁmzumum)
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35
go3 luanavedds X [Cr(en)s]Cls (0.5 azuuw)
a5 Y a5 Z
92AOUNAN Cr Co (1 azuu)
URNUNNUTAITZAY o o ,
" (2 azUUY)
Wa3uv3 d-orbital f T T N ﬂ ﬂ
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MaeuvaN 4 (6 AZUUY)

4.1

fovazlaeluavesasin = 25 (0.5 Aziun)

A InnagUmitewadlsgneumsiuna (1.5 azuuu)

A A )
i]'lﬂgﬂ BEADUNYNND ATN?

Ao Aa I ] 4 1
IIuaatluvearIuan = 8><g = 1 oznou

pzApuNINaYtAe Neem (0.25 Aziuu)

[E=y

A o a I ] 4
IIuAaluveIrUIoan = 6x— = 3 AN

N

(0.25 azuuw)

' P2 v a & 1
lTunthosadioznonuadnznInallusosas ﬁ><100
+

(0.25 aguuu)
=25

(0.75 azuun)

Y v
qaiu lunanveslanenauiiaziaadludosay 25 Taslua
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4.2

ANNHUWUY = 14.45 glem® (0.5 Azuw)

ABLNANY 2 AU

A5Aa (2.5 AzLUY)

a ~ 9 4
WﬂWﬁﬂ!"WlﬁUﬁl@QzﬂQﬂU'lﬁﬂ

\/23

- Pb eghyy Aueginenaranii
pzADN Pb 1Az AU ATNIUINZ BNV NI FURE U
J
20pp + 2py = \2a (a = anuenamuvousan)
(0.5 azuuu)
1 Y o = @ dy
- Tpp A Fay AN uRInuil (Taeyn

] = Y
aw'e'm@13Jum‘nzuﬂmmﬂu‘ﬁmmmﬂu)
Pb: 4rey = V2ap, = \2x 495

’ _ 42

ey = TX495: 175 pm ... (0.5 Azuuwu)
a = ANUEIMUVOLLEAS Au: 4ra, = V2ap = V2x408
2
(0.5 AzLuw) fa = %x408 = 144 pm ... (0.5 Azuuu)
“unue 2x 175 + 2x 144 = \2a
a = 2475244 451 pm (0.25 azuuu)
V2
nnavezaeuluniamasinedy Pb=1 uay Au=3
ANURUMUY D = M 2072'32+3X197'0_10 5 (0.25 azuuy)
\Y 6.02x10%° x(451x107")
= 14.45 g/lcm®
4.3
Au1ozaou 3 Pb dousou = 4 el (1 AZLUN)

a A a ] 1w [~ 1
(mﬂgﬂcluﬁffa 4.1 (1agaUAUINITINUAY Ao A 2 usaanonu) iU Au l asaou 1 Pb

fousou 4 ozaol)
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MApuYaN 5 (2.5 AZUUY)

15

5.1

fiufouiilieny 3.87 x 10

apnlugl x.xx x 10"

25aa (1 Azuuu)

e

(0.5 pzuu)

Wo = Wy +W, Tagdaldiniw, +w, = 100

NNAUNT 2.303 Iog(%) = 0'693t
Wl t1/2
UNUA 2.303 Iog(loo) = 0'6939
80 1.2x10
9
t = 2303x 2220156209
0.693 80

0.387 x10° 1

' E4
v

Wufe wudeoudiliong 3.87 x 10° 1

(0.25 azuuu)

(0.25 azuuw)

(0.25 aguuu)

(0.25 azuuw)

40 0 40
oK+ &6 = [FAr
(electron capture)

a ¢ 3 [ y
5.2 gumsiunaesluaall

(1 Azuuw)
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AaeuYaN 6 (8.25 AZUUY)

v W Jda a2 J

6.1 dyanualiunassve951q C Ao 20Th (1 Azu)

ad o 09/' 1
6.2 Taseadeoianasouvessig D unvauysol laolsuaua 1s* 2. fio

(1 pzuuu)
15 252 2p® 352 3p° 45 3d™° 4p° 55 4d™° 5p° 65 4f4 5d™° 6p° 75°
6.3 USmusig A = 0.0 Tya (0.5 AZLUY)
aouNAteY 1 A
Yt B = 0.8 Tua (0.5 AzLU)

apUNANeY 1 AU

50 (L Azuuw)

'
v A

3 I 3 { a 4 < v :JI ] Q?II
U A > B iluduiinavyuisiningu Th — A 11nde 36,000 1M1 tns1zRL U UAN Th

o & S a 3 o v o dd o Aa '
ganedudu A Nezina B ¥uluiuil vazi@eddudu B » C niduduinadiunng lugianan
=~ v KX Aa Y 19 ) a d9 Y o a =® a
e 60 MIUNATIE C Yesunau ludearihinaanla mimmmmﬂimmm@ B 23na

@ 1 Q a (Y ] A A qu I o A

mileundu Th — B iasadiaminy 25 Tuldias 1ummzwﬂ5mmm¢; A uugﬂuf,rumﬁmmﬂ

nlasuilusig B aunua (0.5 azuuw)

10 In NI - -0.693 B -0.693 x 60 1 /25 U = -1.66
0 ty
2
N

N - 0L ileannisududis 2 Th 1 Tua Sufnsig B 31 1.0-0.19 = 0.8 Tua
0

(0.5 azuuu)

6.4 Tty isotope fu ZTh e | 2°Th Tas Z = 90 ud A A Insi1a (0.25 Azuuw)

sigiiilu isotone fu 2 Th de | Z5Pa wSesigdulay A-Z = 144 (0.5 AzUY)

L 3 .
s1g il isobar v Z4Th g Pa wionwmoulay A =234 (0.5 AzuuY)

q
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6.5

ayman %o Po1laniaeseenuife
Ja a2 d a

v @ d v %
dyanyw 'JlﬂaﬂﬁellfNWaﬂﬂﬂl“ﬂﬁa\iﬂqﬁﬁaWﬂﬂﬂﬁﬂ

WAMUNNMI TR0 2 Po vitlelua =

2509 (1.5 Aazuuu)

17

‘2‘ He vi50 o (0.5 AzuuY)
2 Pb (0.5 AzLUY)
5.23 x 101 J (0.5 AzuuY)

aouugl x.xx x 10"

Yo AA

wa “2Pb+wa jHe -wa % Po

4
v o

. -27
NEINUNNeBIAD E = me? = 0.005805 amu x 1.66054x10" kg

210 g A A 9 A
11N 20 Po aa1ean 119359@ e aumsnineIvoane
[ v Y
2P0 —» WAL+ e suwnawailasuniaslidail

WIa e A+ u3a e -wa % Po = 209.987131 amu + 0 amu - 209.982857 amu

= 0.004274 amu

3 J A I ' dy a d? 9 9 = T W 9
wiiunmsnlasunlaswnailuuan uaasimnaumstiznaiu ldvzdeaiins landeanud

EJ 9
T lualgasenlulsinannn Ugaseniisehiinvneiulddwiumadul§asomsaaisda

mn 22po aaneialieymauearh aumsiifeadesdio

%P0 — Z5Pb+ ;He fnuaiindeunladludd
205.974449 amu + 4.002603 amu - 209.982857 amu
-0.005805 amu laauiluaunaasihiimsmelivesuia

I [ A A [ 1 @ aaa dyd ] a 9
ﬂﬁ']fJ]hJﬁJL!WﬁQQ'IUﬂ@NﬂTiﬂTﬂWﬁQQTuﬂ'ﬂﬂN’]ﬁgﬁ'J'Nﬂ']iﬁﬁ']EJ@’I'J ﬂammumm%zm@%

lamu

x (3.00 x 10% ms™)?

=8.68x 10 kgm?s? = 8.68 x 102}
wlumsaaisaived 2o Po 15w 1 Tua wwilasendsauesnin 6.02x10%° x 8.68 x 107%°J

=5.23 x 10" J

(0.5 aguun)

(0.5 aguun)

(0.5 aguun)
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AU 7 (6 AZIMY)

18

7.1 519 A Ap

ad
Taseasedianasou (electron

configuration) fiv

a o Ay Y 09; A
NaG]ﬂil!"l/]‘i/]ulﬂ"l]"lﬂﬂ1§ﬂ$fﬂﬂuﬁlﬁ)\‘l?ﬂﬁ D fao

7.2 gaseunsfaveds G Ao

mUoonTIATUYRILAarazaolluas G Ao

gasteuNIAaueIds J flo

RUBDNTIATUYBIAazozaon luas J Ao

1s? 25 2p® 352 3p° 4s*

K* OH %359 KOH

KO

K=+1, O=-1

KO;

K=+1, O=-1/2

7.3 deumnaInIULanny KI KBr |<| KCI
a Y] d 1 o Aaana 1 [
7.4 wanduan ldonmsinlfnseseninsig A fu F, fe KF
a [ a’dy oy 9 A a 3
nannuatiazareh lamsazaentigniiu e

wawa (0.5 aziuw)

(0.25 azuuu)

(0.25 aizuuu)

(0.5 aguuun)

(0.25 aiguuu)

(0.5 aguun)

(0.25 aizuuu)

(0.5 aguun)

(1 pzuuu)

(0.25 aizuuu)

(0.25 aizuuu)

AIENNT

[ 9 [l [ 9 9
e KF azaeing lalooou K uaz F Faile F ogluthudszinalfnserlalas laganuih

Fag + H20g === HF(g + OH s 1An OH Tudshldasazaneligniifluwa
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7.5 Taseaas19ved borazine Ao

| (0.5 azuun)

H N
H
N N
NN
H | H
H
Uszavlesiiaves B = -1 (0.5 AzLUY)
Uszavlesiiaves N = +1 (0.5 AzuUY)
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MaeuYaN 8 (7.5 AzuuY)

20

8.1
8.1.1 aums (2) finaudafie l, + 25,05 — 2@ +S,0¢” (0.25 Azuun)
aums (3) figaudaie ls7 + 25,055 — 31 + S406” (0.25 Azuun)
8.1.2 mnsiiduna K, = 2.7 x 107 (0.5 Azuun)

aovlugl x.x x 10"

A0 (1 AzUUY)

vinaunsi (2) [121/[S:0:2] = 1/2

Ky = [I(H:0)] 7 [12(CHCI3)]

K, = 8x10*mol/L /3 x 102 mol/L
= 2.7x107

[I,(H,0)] = 1/2 x 0.0100 x 4.00/25.00 = 8x10* mol/L  (0.25 Azuuw)
[I,(CHCl5)] = 1/2 x 0.1000 x 15.00/25.00 = 3x102 mol/L (0.25 Azuuw)

(0.25 azuuu)
(0.25 azuuu)

8.2

Y Y
8.2.1 AaNuTuIUIINUDA I+ I3 Tuduiih = 6.0 x 10

apulugl x.x x 10"

2509 (0.25 Azuuu)

mol/L (0.5 azuuw)

[L]+[ 15 ] Tudin

6.0 x 10° mol/L

T = 1/2 x0.1000 x 30.00/25.00 (0.25 aAzuuw)

9
8.2.2 anududuaeg |, lusunaelsvesy = 5.0 x 107

apulugl x.x x 10"

2500 (0.25 Azuuu)

mol/L (0.5 azuuw)

[1,(CHCI5)] = 1/2 % 0.1000 x 25.00 / 25.00
= 5.0x10% mol/L

(0.25Az11u1)
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Y Y
8.2.3 anududuves I, ludnh =

7509 (0.5 AZLUY)

1.4 x 107

aoulugl x.x x 10"

21

mol/L (0.5 azuuu)

[|2(H20)] = Kz [|2(CHC|3)]

2.7%x10% x5.0x10?
1.4 x 10° mol/L

(0.25 azuuu)
(0.25 aAguun)

8.2.4 anuutuves Iy lusuhh = 5.9 x 107 mol/L (0.5 azuun)
aoulugl x.x x 10"
2%57a (0.5 Azuw)
[I55] = T - [12(H0)] (0.25 azuuu)
= 6.0x10% - 1.4x 107 (0.25 Azuuu)
= 59 x10% mol/lL
8.2.5 anuuiuves I “lm?uﬁyw = 6.1 x 107 mol/L (0.5 azuuw)
apulugl x.x x 10"
A5aa (0.5 AZLUY)
' L(H0) + I(H0) == I3(H0)
Sudu 0.1200 0
auga ... 0.1200 - 5.9 x 10% 5.9 x 107 (0.25 Azuuu)
[T = [KI]-[l5] = 0.1200-5.9 x10” (0.25 Azuuu)
= 61x10% mollL
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8.2.6 masnauga K

75A9 (0.5 AZUUY)

22

6.9 x 10°

= 6.9 x 10 mol/L (0.5 azuun)
apulugl x.x x 10"
Ki= [I3]1/{[L]I[I]} (0.25 aAguuu)
= 59 x10?2/ {14x10° x6.1x10%} (0.25 Azuun)
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Mmneudei 9 (2.5 Azuuu)

nail¥ie 18.7 Wi (0.5 Aziuw)

ARUNANEN 1 @HUa

500 (2 AZLIUY)

Arhenius Equation : k = Aexp(-Ea/RT) (0.25 azuuu)
fis ”uﬁynga . T =273+100 = 373K (0.25 azuuu)
fooaa . T =273+95 = 368K (0.25 azuuu)
ﬁizﬁuﬁymma ki = 13 = Aexp(-Ea/Rx373) ........ (1) (0.25 azuuw)
fooaan - ko = Aexp(-EaRx368) ... (2) (0.25 azuuy)
aums (2)/(2) 18 . 3k, = exp[-Ea/R x (1/368 — 1/373)] (0.25 azuuu)
3k, = exp [-418x10%/8.314 x (1/368 — 1/373)] (0.25 Azuuu)
k, = 0.0534 /u1n (0.25 Azuuu)

Suiu naildae 1/0.0534 = 187 wil
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Mneuveh 10 (6 AzuMY)

10.1 mmﬁmmﬁu@a (K) = 1.2 x 10° (0.5 pzuu)

aovlugl x.x x 10"

509 (1 AZLUUY)

Eet = E’en— %I’ InQ (0.25 agtuu)
ﬁmazﬁuﬂa Ecet =0
o RT
E'cen = E In K (0.25 azuun)
o]
In K - NFE cein
" RT
Een = E°cathode —  Eanode
Een = 052 — 016 =036V (0.25 aziuw)
Ink = 1x96500x0.36 _ ) (0.25 AziuL)
8.314 x298
K = 1.2 x10°

10.2 unummvedsad Il Ao Pt | Cu**(aq) ,Cu"(aq) || Cu*(aq) | Cu(s) (1 Aziuw)
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10.3 E° = 0.772 \Y (0.5 azuun)

ADUNAUIY 3 AWMU

758 (1.5 azuuu)

Fe?*(aq) + 26 —  Fe(s) () AG% (0.125 azuum)
Fe**(aq) + 3¢ —  Fe(s) (2 AG’, (0.125 azuum)
Fe'*(ag) + & —  Fe®(aq) 3) AG°3=AG°;-AG°;  (0.25 Aziuu)
AG® = -nFE° (0.25 Az
AG®°; = 2(0.440F) = 0.880 F (0.25 AzLtuY)
AG®; = 3(0.036F) = 0.108F (0.25 aguuu)
AG°3; = -(E°F) (0.25 azuuu)

~-E°F = -0.772F

E° = 0772V
10.4 ﬂﬁﬁ?mgﬁﬂﬁu & v | Tl (0.25 Azuuy)

mawauazIsAa  (0.75 Aziuu)

2[Fe**(aq) + e —  Fe*(aq)] E® = 0.772V ( 0.125 azuuu)
Fe?*(aq) + 2¢ — Fe(s) E° = -0.440V (0.125 aAguuw)
3Fe?*(aq) — 2Fe**(aq) + Fe(s) E° = -0.440-0.772 (0.25 aztuu)
) } = -1.212V
- E® dluavdfasendiTunatulils (0.25 Azuuu)
10.5 aAselfismeendiadi Fe’*(aq) — Fe*'(ag) + e (0.25 Azuun)

ﬂ?qﬂﬁﬁ%ﬁﬁﬂ%’u Cr,0-* (aq) + 14H"(aq) + 66 — 2Cr**(aq) +7H,0 (0.25 Azuuw)
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Maauven 11 (4 azuuu)

11.1 ﬂﬁﬁ?mﬁuaiuﬂﬁa 20 + C(s) —> CO(g) + 4e (0.25 azuuu)
UfAseniunTnade AP+ 3 - Al (0.25 Azuun)
11.2 fhminves Al = 3.19 nTu (0.5 azuuu)

ADUNANIY 2 AWMU

509 (1 Azuun)

Q =1Ixt (0.125 azuuu)
Q = (10.0 Ax0.95) x3600s (0.125 aguuw)
Q = 342x 10* Coulomb (0.125 azuuu)

. _ 3.42 x10" Coulomb 1mol Al 3
fuoulua AL = 96500 Coulomb mol &~ 3mol & (0.25 azuuw)
= 0.118 mol (0.125 aguuu)
s mdnues Al =0.118 mol x 27.0 g/mol (0.25 azuuu)

3199
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11.3 anuaugsgues CO, = 5.26

ADUNANIY 2 AINUS

758 (1.5 azuuu)

atm

27

(0.5 pzuu)

20 + C(s) — COx(q) + 4e
Q = 1Ixt

Q = (10.0 A x 0.95) x 3600 s
Q = 3.42 x 10" Coulomb

- _ 342x10'Coulomb __ 1mol CO,
VN lNavet CO2 = 96500 Coulomb mol e - 4 mol e

= 0.089 mol

-~ 9 uauIuaves CO, = 0.089 mol

Xea, =-—2089 _ _gggp
% 0.089+0.011

X - 0.011 - 011
N 0.089+0.011 ~ 110
PNz = XNZPT

065 = 0.110 P;

Pt = 5.91 atm

Pco, = 0.890 x 5.91atm
Pco = 5.26 atm

(0.125 azuuu)
(0.125 azuuu)
(0.125 azuuu)

(0.25 azuuu)

(0.125 agiuw)

(0.125 aguuu)

(0.125 aguuu)

(0.125 azuuu)

(0.25 aAguuu)
(0.125 aziuu)




4 v

) U = a a U a v A
MIuvsvunil loandnszaumansan 8

Maeuvan 12 (6 AZIUY)
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12.1
AR w5 298K = 32.73

ABUNANIY 2 AINUQ

750 (0.5 AZLUY)

kcal

(0.5 azuu)

AHCgg(reaction) = = AH%(product-reactant)
= AHof(C2H4 + Hz)- AHOf(CzHG )

= (12.49 + 0) —(-20.24)
= 32.73 kcal

(0.25 azuuwu)
(0.25 azuuw)

12.2
A(ngs - Hggs)
298

ADUNANIY 2 AU

2509 (2.5 Azuun)

voulfisen 7l 298 K = -28.81 cal/K

(0.5 pzuu)

nn A(G®98- H%08) = A(G®98- H%08+H%-H")

298 298
= A(G%gg- H%) - A (H9s-H’%) (1)
298 298
A(G 98- H") ] - (G%98- H ) ] i (G%g8- H%) ]
[_ZQT_ reaction_ 298 product 208

= [(-43.98)-24.42)]-(-45.27)

=-23.13 cal/K
A(H%gs- H%) [ (HC96- H'%) ] I (H208- H%) 1
298 o 298 product 298
= (2.525+2.024)x1000 - 2.856x1000
298 298
=5.68 cal/K

10 (1) ; A(_(?’%L’z%) = (-23.13) - (5.68)
= -28.81 cal/K

reactant

reactant

(0.5 azuuu)

(0.25 azuuu)

(0.25 azuuw)

(0.25 azuuw)
(0.25 azuuw)

(0.25 azuuu)

(0.25 azuuw)

(0.5 Azuuu)
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12.3

AG® voulfnsen fi208K = 2414

ABUNANIY 2 AINUQ

250aa (0.75 AzLuu)

29

kcal (0.5 azuuu)

A(G%95 - H%) _ AG%98 AH% _ AG%g _ 32.73x1000

298 T 298 " 208 T 208 298
_ AGozgg 32.73%x1000
288l = —gg~ - T 208

AG®93 = (-28.81 x 298) + (32.73 X 1000)

= 24,144 cal = 24.14 kcal

(0.25 aguuu)

(0.25 azuuw)

(0.25 aguuu)

12.4

INKA2908 K = -40.78

(0.25 azuuu)

ADUNANIY 2 AU

7509 (0.5 AZLUY)

AG%g3 = —RT InK

24,144 = —1.987 x 298 In K
In K=-40.78

(0.25 azuuw)
(0.25 aguuu)
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fmoudot 13 (4.25 azuu)

30

131

InP

aamgil ausy'le T(K) | (UT)x10° | P(atm) | InP
(’C) (mmHg)
20 17.5 203 | 341 0.023 | -3.77
22 19.8 295 [ 3.39 0.026 | -3.65
24 22.4 297 | 3.37 0.029 | -3.53
26 25.2 299 | 3.34 0.033 | -3.41
28 28.3 301 | 332 0.037 | -3.29
29 30.0 302 | 331 0.040 | -3.23

34

(0.5 aguuu)

1T x 10°

(1.5 aguun)
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msudsduaii ToauTnszduaniangadi 8
13.2
Ay lovesveaunadi 32°C = 36.3 mmHg (0.5 aztuu)
pouNAtey 1 @i
250a (0.5 AziuY)
i 32°C %30 305 K 14 % =3.28 x 10°
s 14 InP =-3.04
130 P =0.048 atm = 36.3 mmHg
anudourlveamsnaeiiu'le = 44.90 kJ (0.5 pzuu)

ADUNANIY 2 AINUQ

25A9 (0.75 Azlun)

naun1s Clausius — Clapeyron

'AHV
InP = "RT +k

InP, - InPy

(0.25 azuuw)

AH, =5.4x10°x8.314

=44.90 x 10% J
= 44.90 kJ

_ __-3.77-(-3.23)  _-0.54 x10° _ 3 3
slope = ————— =@a1 _33110° - 010 - 4107 (025 nzuw)
T T
— 'AHV - _ 3 'AHV
slope = R 5.4 x10 3314

(0.25 azuuw)
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fneudefi 14 (12.5 points)

14.1.1 Structures of all possible stereoisomers of compound 2. (5 points)

14.1.2 Absolute configurations of all stereogenic carbons in one of the chosen stereoisomer.
14.1.3  E | show each pair of enantiomers

14.1.4 <D, show all pair of diastereoisomers

o) — RO. o Cl E 9] — S,0 Cl
)\~N N@—o\ S «—> >—N N‘@*O/\Q R
_/ 3 N a
Cl Cl
2a 2b

D
D D D

o, R.O cl E_ O /™ s,o o ¢
}—N N@—o\ R > >—N N@—OX 5
\__/ d \__/ d
Cl Cl
2c 2d

Grading scheme:
- (2 points) Each correct structure of stereociomer = 0.5 point (4 structures)
- (1 point) Correct absolute stereochemistry at stereogenic carbons in one compound
= 0.5 point (2 stereocenters for each compound)
- (1 point) Each arrow for enantiomers = 0.5 point (2 pairs)

- (1 point) Each arrow for diastereoisomers = 0.25 point (4 pairs)
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14.2 Structures of compounds A - H

33

(5 points)

Br

NO,

Compound A (0.5 point)

Br

NH

Compound B (0.5 point)

Br

Compound C (0.5 point)

/©/OH
Br

Compound D (0.5 point)

@)

[>~_-CH

Compound E (1 point)

o8
Br g\OH
OH

Compound F (1 point)

Compound H (1 point)

14.3 Structure and name of reagent to check for the keto group in compound G. (1 point)

Structure of reagent
O,N

H,oN—NH NO,

Name

2,4-dinitrophenylhydrazine

Structure of the product and a change observed from the test.

(1 point)

Structure of the product

O,N

/N“ON%
/dl\
Cl Cl

Change observed

yellow-orange precipitates
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14.4 The signal of the keto group in IR spectrum is approximately at

1,650-1,725 cem?t (0.5 point)
Total synthetic scheme
Br Br Br
© conc.HNOg H,, catalyst
A
NaNO | HCI, 0°C
NO, A NH, B
Br Br
CF3COOOH o H20, A
_~_-OH [ > -OH
N@
E OH D 2 C
K,COj3 | solvent

O
o
Br OH
. fon
E TsOH, benzene Cl cl

G

special reagents and
Cl reaction conditions

OO e O,

Compound 2
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Question no. 15 (6 points)

35

The synthetic pathway toward folic acid can be shown below:

o 0
)j\ 9 O
~BurO0” "0~ TO-+Bu
- OH
or (BOC),0
NH-BOC
glutamic aC|d (0.5 point)
Polymer
-0
O 0 ,L@\ CH 0
CH-(I ?
HO OH P
NH-BOC
NH-BOC EtsN
0
0
-0 g
CH (0) CH2
2
NH, CF3COOH
O :
CH,Cl,
-0
CH 0]
(1.5 points)

6(bromomethyl)pterin

HOOC\©\ )\/E CH Br
o T —
NH BOC-HN

p-aminobenzoic acid (I

(0] O
N CH Br
z
N)I X 2 z-Ber)J\O)J\O-t-Bu
)\ N or (BOC),0
BOC

OH
N Z | N\ CHZBr
)\ Z
-HN N N

(D)
(1 point)

(1 point)
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O
@ -0 o CH,
G *@
NH
O NH
CH
-0 N7 N\ CHz
- x
2

0 Boc-HN” SN KT (i) BOC-HN Nid (V)

HF

HO

folic acid b
)ji j/CH

(2 points)




) U = a a U a 3 dl
MIuvsvunil loandnszaumansan 8

Question no. 16 (7 points)

16.1 Structures of all products obtained from the degradation reaction are:

(3 points)
No stereochemistry requirement
CH
| 3
H 2 HN OH
= < 4OH S
HOQ= _~
HO Ol
4 oH H O ",
EH3 CHZOH
(1) (1)
(1 point) (1 point) (1 point)

16.2 Fischer projection(s) of monosaccharide(s) obtained from degradation reaction is (are):

(4 points)
only (1) and (111)
4y H CHO
Hoaz z0H HO——H
Y ———=  OHC——OH
0 , %HCHO HO——H
3
(1 (2 points)
C
3
HN $)H CHO
o \ H C-HN—T—H
\\\. OH —_ H——OH
oo, HO——H
CHZOH HO——H
(1 CH OH
(2 points)

37



