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Periodic Table with Relative Atomic Masses

1 18
1 2
H He
101 | 2 13 14 15 16 17 | 400
3 4 5 6 7 8 9 10
Li | Be B| C| N]|O]| F | Ne
6.94 | 9.01 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
1 | 12 13 | 14 | 15 | 16 | 17 | 18
Na | Mg Al | Si | P S | Cl]| Ar
2299 | 2430 | 3 4 5 6 7 8 9 10 11 12 | 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95
19 | 20 21 22 | 23 | 24 | 25 | 26 | 27 | 28 | 20 | 30 | 31 | 32 | 33 | 32 | 35 | 36
K|Ca|Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga| Ge| As | Se | Br | Kr
39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.64 | 74.92 | 78.96 | 79.90 | 83.80
37 | 38 39 | 40 | 41 | a2 | 43 | 44 | a5 | 46 | a7 | 48 | 490 | s0 | 51 | 52 | 53 | 54
Rb|Sr | Y |Zr | Nb|{Mo|Tc |Ru|Rh | Pd | Ag |Cd | In | Sn | Sb | Te | T | Xe
85.47 | 87.62 | 88.91 | 9122 | 92.91 | 95.96 | - |101.07]102.91]106.42]107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.90 | 131.29
55 | s6 72 | 3| 74 | s | 76| 77| 8| 79| so | 81 | 82| 8 | 8 | 85 | s
Cs|Ba|s7n | Hf | Ta | W | Re | Os | Ir | Pt | Au | Hg| Tl | Pb | Bi | Po | At | Rn
132.91 | 137.33 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98| - - -
87 88 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111
Fr | Ra 89103 | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg
57 | s8 | s | 6o | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 7
La|Ce|Pr | Nd|Pm|Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
138.91 | 140.12 | 140.91 | 144.24| - | 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.05 | 174.97
89 [ 90 | o1 | 92 | 93 | 94 | o5 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
Ac| Th|Pa| U |[Np|Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No | Lr
- |23204|231.04|238.03] - - - - - - - - - - -
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en > NHj o donor; chelate effect
F > CF > B > I~ o donor; © donor
H,0 > F~ > RCO,” > OH > CI” > Br >~

CO, CN™ > phenanthroline (phen) > NO,~ > NCS™ (¢ donor; T acceptor

CO, CN™ > phen > NO,” > en > NH; > NCS~ > H,0 > F~ > RCO,” > OH™ > CI” > Br~ > 1~

Low spin High spin
Strong field Weak field
Large A Small A
r acceptors o donor only 1 donors

Spectrochemical series

3. N Uf‘,,E'ﬁﬁF,f}ﬂpJ:{ ES-EHIESSIIF

F & H R~ S3ek F & @AH - A
[Cr(CN)e* [Cr(CN)]>
[Fe(H,0)q]*" [Fe(CN)q*
[Co(H,0)6]** [Co(NH3)s(H,0)]*"(H,0

exchange)

Pkl s & ﬁ?}‘ﬁ ) BER % 1Y [/_’I\frl (7 53)

o .
la:b[.

[Fe(H,0)s]’* and [Co(H20)6]2+ are hxgh -spin species and the elctrons in the upper ¢, levels
make them labile. [Cr(CN)s]* is a d* low spin species. The #, levels are unequally occupled
and the €g & are vacant, which makes it a borderline complex in terms of rate. [Cr(CN)s]™,
[Fe(CN)s]", and [CO(NH3)5(H20)]3+ are all low-spin species with the #,¢ levels either half
filled or completely filled. This, combined with empty e, levels, indicates inert species.
LFAE numbers indicate that activation of these ions requires large amounts of energy.
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4. fﬁ[ﬁ&“‘r‘i: F HRLENPIEEAREL [~ carbonylation D%l‘}%ﬁ%»ﬁfiﬁiﬂgfﬁvkﬁfﬁﬁ F[lfﬂiﬁofﬂ
ARl &30 - L - BFOR S5 4 S - [P [RR(CORLITEREY 24
Ay T M U e S U ["“f’ﬁ%’; ’T?E?ﬁjﬂ o &Y FA' HI%?F’:’I'??}}TF?EI@ E|&1 e (7 53)
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5. _‘\Zj[j’:’ﬁn“‘t A I I ﬁ‘/ﬁ #~ T (Olefin metathesis) V [~Z8=¢ o [P RS 18 B RRITHIET
’Ej’{é%ﬁﬁfl%(LRu—CR R~ T3y 5% [ 1FE TRV B0 %K (metallocyclobutane) » F|
JI%E‘f'ﬁ:ff’J » AGEIFEAEL ([ PR TE%TFH T, F]IE- BUHU (cy cloheptene) Y[R FA-4,
(norbornene) i’ F ! LI fjll WE%F’]?J F .EI]ETI”P&‘)[%F‘% & R SECENC D)
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MeMn(CO)s[IUF LAAL (T 2 FPE%E 2 » J1FFLBAEEAL CO 4 - (HEE- ™1™
V[ P2 AC-CO RLE il AR 9 COYIT 7 EREEE 2 7 [~ (79 B 2 Tir) ) e s
SRS > (W) AP BN BEE 2 GIRES I =I™ WY [ 572 B 901 57 R

BEE 210 57)

o. Me
Me ﬁ/
OC\N!n/ co oC~, | ~"CO
n
oc” | co oc” | ~co
CO CO
B A
i .
]:A[ :
O Me Me Me . Me
oc_ | _co oc~, | ~CO oC~, | ~"CO oc— | €O
- 5 o
oc/Nin\co oc” | >co oc” | >co oc” | ™Sco
cO (610 (610 *CO
A CoO
deinsertion 1 3 0
methyl 1 2 1
migration
o "® Me
C oc- | _-co
Mn(CO)5™ + CH3;*COCI OC— | ~ _Mn__
_Mn__ OoC”™ | ~co
oC”™ | ~co CcO
CcoO
B
Me
Me Me
Me O\\*(/; © ©
oc~, | €O oC- ln/CO oc~, 1 ~"CO oc-,| €O
oc” | >co oc” | >co oc™ | ~co oc™ | ~co
Cco CcO co *CO
B
co
insertion 1 3 0
methyl 1 2 1
migration



R = 0 (H2550) S
1 AR IR 51503 A S EET BT - 0 5)
@B (b)BN (c) O

Nl

ﬁ :

(b) B;: lcsgzlcsuzlnu2 (2 unpaired electrons)
(c) BN: lcsgzlcs.,zlnu4 (0 unpaired electron)

(d) 0;: 16’16, 26’17, *17,” (1 unpaired electron)

2. (@) BPFE [ L@ S (R GEPORUERE £ 7 (b) B [IBRRHOROY H5Y Y B
Hs BUsgosdas £ 7 (0) FIIM I Gt g (=0 et PO 4. - BRPEE1 4] Vet
Pl e, H sl U535 g o (1550)

eoiee

FA[ .

(a) There are three linear combinations for three H atoms.

(b)
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7) B
50T R S & b SERE )Y & IR A PR 7 (15 7))

c* G

B RROT TR R SRS WY 2y A2 S o-donating U0 T [EH] 1 =

d-Eughf[ =1 CE Fﬂ:' &.773 fY anti-bonding #uisi " | n-back-donating

9t o éﬁ’?ﬁ?
B[ T3S rlrl‘T“ngjﬁrs—s o

2 SRS Iﬂsg“i“nﬁfj*f-ﬂ}'ﬁ (10 53)
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High-pressure Furnace
impure hydrogen

h

B PRI & P VB E T R RO R S SO [ R
e

R U PAERE " PGS M*Hl’ (EFEET AN AR Y& S0 4RaE

A= 2

Bl PP B R0

1

,f

<~

11



4 #3347 (150 53

REAZ Tt (F50 55

1. Isocaryophyllene (K)iE i PR PIR SRR M ’“f}*l F’“‘lf'f”JFl‘J‘

e (BT 457 > 3 4055)
\I( Q hv, pentane (A) A,"g @Tﬁl NaH, (Me0),CO (B) P,'E p{ﬁjﬂlp‘ﬂg
T
-40°C (7J4 7 1 CyH10) dioxane, 80 °C (7J4 0 1 CpoH1805)

SoFL -

VRIS IR PSP py

. Li%(
NaH, dioxane; (©) —b»f Hﬁﬁ" IFT‘:‘EL OMe (D) ,A? ﬁ%l , f’fﬁl? ‘3117@%
% %
231 CagHaO T 1 CpaHag0
Mel, 40 °C <7J 13H2003) THE, 0°C (7J 18H2505)
1. H,, Pd/C, KOH, MeOH NaCH,SOCH (F) ,A,; ﬂﬁﬁl , ?:ﬁl? 'Hﬁfﬁl
> —>
3701 CigH240
2. CrO;3, HOAC, H,0, 15 °C DMSO (7J 16H2404)

1.1 N NaOH, 40 °C

(G) *A'“E ﬁﬁlﬂlﬂﬁﬁl

NaBH,, MeOH, 0 °C (H) A*‘ N ﬁ: (diol group)

t
2. Py, 115 °C (714 =0 1 CuH20,) (JJ4 U1 CqH240;)
H
TsCl, Py M A“ " E’: (diol group) | NaCH,SOCHj,3 t-BuOH
e — > —_—
== 1 CyH3004S
CH,Cl,, 0°C (N 21H3004S ) DMSO )
@]
’"E]?“‘*%‘ﬁ%%ﬂf - i 5}’0_( cis-fused bicyclic compound )
J A»" THELFAIZ WS
( ) £ EFEL F HH EL Ph3P=CH2 (K) A+ J—;(}-(jﬁ EII %l
(7J“’ 1 CuH0) —_— ﬂ
@;L;EIEL@E%LI'-_ ~ 5[,.50 DMSO ( el j‘ C15H24)
z LS Fi

12
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S5 -
H
m NaH, (Me0),CO
dioxane, 80 °C H COMe
@]
H ,—<
NaH, dioxane; J*‘MQ 1. H,, Pd/C, KOH, MeOH

i
—

hv, pentane

\n/+ — =

—_— Me H i CO,Me >
Mel, 40 °C B coMe THF, 0 °C J\ 5 2. CrO5, HOAc, H,,0, 15 °C
0
¢ MeO” ~OMe
H
Me NaCH,SOCH; 1. 1 N NaOH, 40 °C NaBH,, MeOH, 0 °C
cCoMe o & - L Me >
; 2 DMSO 2.Py, 115°C H . o
E\/EO F CO,Me G
H
NaCH,SOCH; t-BuOH
—_—— —
DMSO :
o)

ph_’;P:CHz
—’.
DMSO
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2. ME)ANC2) B ;@%;lﬂé( sigmatropic rearrangements ) - FUHER £ (1 @”“;’?f (1)

R (1,3) —o ;@%;IFE HE[H ‘Fﬁ"?fﬁl (an inversion of the stereochemistry ) fuE 7 >

1~ (2) F%WEH (1,5) —o ;@%gl#[ﬁ”%@"fﬂﬁwﬁnf’fﬁ 5 FE‘;T\E'F"H% 2% (a retention of the
stereochemistry) » J[I™ q%.ﬂf’?ﬂ (LS H1055)

H3C ? [1,3]-rearrangement HsC H
HIf| Z product N
D
HsC Al [1,5]-rearrangement H,C D
o > “rH @)
H |f| product NP
=
]:I
[1,3]-rearrangement
= (1)
product
[1,5]-rearrangement
> )

product

14
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L SIPHHEEPE" ) NaBH&VRUE Y 8 F =0 Fop [BOPETH ( D-glucidol ) 2

(A)

At (A) 2 (H 50 00)

1.C

2.B

H
o:
H——OH
HO——H
H——OH
HO——H
HO—

HC=0
H OH
HO H 1. NaBH4
H OH 2. H30"
H OH
CH,OH
p-glucose
(B) ©)
—oH —OH
o H——OH
HO——H noTH
H——0H H——OH
H——gH on
— :O
OH H

S -
CH,OH
H——OH
HO——H
H——OH
H——OH
CH,OH
p-glucitol
an alditol
(D)
—OH
—O
HO——H
H——OH
H—T—OH
—0

I B T TR (R T B (2 S T ORI BRI R LR sl TR

5?

(A)

H—O

(B) - ©

o)
(
OH
HO——H
H——OH H——OH
H—T—OH H——OH
CH,OH CH,OH

OH
[:
HO—T—H
H—T—OH
H——OH
CH,OH

(D)

HO_ O
H——OH

HO—T—H
H——OH
H——OH
CH,OH
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I EeIEg qu ,EW[”
NBS,ROOR
—_—

C,H,—CH,

C (C,HCIO) —

HN NH

phenobarbital

%

T
[—

ALl

A (C,H,Br)

D (CI{)HPO)

CO,H

(1) Mg, Et,0

(2) CO,, then H,O"

0
I

EtOCOEt

NaQOEt

F (C,sHy0,)

Cl

C

B (C,H,0,)

E (CI.“\HIGOJ)

1
H,NCNH,, NaOEt

jﬂ{ﬂﬁlﬁ F'LJIN ":’f’JAFﬁJﬁ;{%‘)(J | R

socl,
_—

KOC(CH,),
CH,CH,Br

> phenobarbital

O

5T T i

phenobarbital
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2. 2-PIEL-2 - B VRS S A o FREH iﬁﬁﬂ'ﬁlﬁlﬁ?ﬂﬁﬁﬁ?’aﬁéﬁﬁ (D TRE255 > H6

73 )
(@]
HaCO/° NaOMe Br, , CH
OCH3 M’ C8H1203 —_— C7HllBrO _>
CHZCO,H
=
rl
1) NaOMe
2) CHaBr CH3 Br, CH3 yrldlne
OCH, 3) H3o CH3C02
heat
ﬁ‘ ﬁz_ﬁﬁfﬁ’b{fﬁm’% %’.H&iﬁ;?'}'ﬁl@@#’ﬂﬁgﬁﬁ? (BT E257°H 85
a) (d)
(0] (@]
Br O o
H
=
rl
Ph
no aldol
@) condensation no aldol (@ |
condensation o
\‘/\i H

0O
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4, ﬁw%m‘wﬁmwgﬁﬁ%?’ﬁ%ﬁmMEOHE&@W?tﬂ8ﬁ]
(@) -D-mannopyranose ( | ZH ) (b) -D-idopyranose (15 )
(c) -D-allopyranose [Fﬁ’iﬁ*’ﬁl

(A (B) ©
H H
0= 0= O=)—|
HO——H HO—T—H H——OH
HO—T—H H—T—OH H—T—OH
H—T—OH HO—T—H H—T—OH
H—T—OH H——OH H—T—OH
—OH —OH —OH
D-mannose D-idose D-allose
=
]EI
(A) (B) ©
H H H
O=/ O=/ O
HO——H HO——H H——OH
HO——H H-iOH H—ZOH
H——OH HO——H H——OH
H—T—OH H—T—OH H—T—OH
—OH —OH —OH
D-mannose D-idose D-allose
OH OH OH
HO HO
HO OH OH o OH
(2 pts) OH OH

(3 pts) (3 pts)
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5. = FAPVETE S EEANNENE RS S e P PAIRRE S R T 2 SR
FE o RSPEN] AgO AR VSRR JRE] | EREGE S 8RR 1 2,3,4,6-14-3-P 1ELF 778
(2,3,4,6-tetra-O-methylgalactose ) #[12,3,4-= -&-F'IELT[ F&# (2,3, 4-tri-O-methylmannose )
RV SRR (H 550 )

=
]:I
HO cy,oH
° CH
HO 0™\ Ho
OH HO -0,
D-galactose HO

D-mannose OH

6. FNERLLFREFY g C Py C-3 Hpy OH L FVPRiE—3# C-2 _FpY OH HLpVPERIE? (H 557)

CH,OH
H——OH

O—o

pK,: 417 —HO  OH

19
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RESE 4 (B) 1 ((H 5057)
0 . =
CHO P
o MesSO, ~ oN
B
b K,CO3 LiN(SiMej3), L\
d 99% 81% Qﬁ 100% N N
e} N/
A La(OTf)3
N[(CH2),0H]3
CO,Me
—® o 2
Et;SiOTf \ NHF Swern %[~ O
E F - G > o)
50% ( 52% 100% OMe
\rNT/ CN
H

(A) i AP BT RS G 5D

(B) B AL - Foilt B VAAEAEZT - (6 51)

© Wl CLadg=t - (6 57)

fitlt D Vadfg=t - @8 5D)

ftlt BV e 8 5D)

Ft La(OTf); ™~ TEflpu=h=[? (3 55)

fitlt FVREE=0 - 8 50)

(H) G I/JJ — "“‘ ’5" C17H23N05 73/_';[ fﬁ‘,ﬂ’ FFIPBI-[&"E‘E/ 3500 cm'l

(D)
(E)
)
(GO F 537" £} CpHsiNOsSi; ©

R—'\—‘A .

i

B GV . 8 5T)

20



(@) Ha
(b) O
OMe
(c) O
Meo,C ~ OMe
CHO 0
MeO

O
HO
CN OMe
(F) (B (RS 5 pAd &
CO,Me
(9) 2
OSiEt;
Et3SiO
CN OMe
(h) CO,Me
@)
HO
OMe

CN

21



F 14 3348 (100 73 S5y

v‘ j ~ rT= 2y 22 A
AR ) ) R E A sEaEisiE

R~ 0 (H03250)
L 3k () SRR AP A S o T S B Py P 81 (RS IT

K1
E+S, <> ES, —» E+P, k= Ktk
k-l m kl
ki’ k' . ka ko
E+SZ_’<_ESZ—>E+P2 Km:T
k' '

RS P PRI K K Ka) 37 25°C £ R (= (SIS0 1 14 Ry
SR 5 27 [E], = 0.10 pM FYIEF™ - I &‘[?4%& R PIP + Po)V ¥R (vo) 5 FT)
[E]o/Vo ?‘T 1/[S], IE:IFI&I([S]O [Silo + [SZ]O)T{IJ @_R [ﬁl °

001585 + 1.22x107 x

1/[S], /10°M™"

22
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[ELIS)/K,

F[ | NG A - Ik > SEEE =
(A) FIZ] ES: Al ES; AR (steady-state) 1 113 - WPIIES]= 1 om R 1o

[ESZ]_ [E]O[SZ]/Kr’n

= o (8353
1+[S,]/ K. +[S,]/ K" 5)

FAT - (A)8% (B)3% (C)3% (D)16% (E)5%

(A) Steady-state approximation for ES; & ES; gives:

d[ES,] _ _ _0- _ kIEIS,] _[E]S]
g GBI = (ko +ko)[ES,]=0;5 [ES]= Kk K,

d[ES,] _ Kk _0- _ ki[EI[S,]1 _ [EIIS,]
T_kl[E][Sz] (k—1+kz)[E32]—09 [Esz]— kil+k£ = Kr,n

Since the enzyme can exist in 3 forms (E, ES;, and ES;), therefore

[E], = [E] + [ES{] + [ES;] = [E][1+M+@]
K, K.
[E]l, 1+[SI/K, +[S,]/K.

Substitution of eq. (3) into eq. (1) & eq. (2) gives

[ESZ] — [E]O[SZ]/ Kr’n
1+[S,)/K,, +[S,]/ K},

[ESl] — [E]o[sl]/ Km ;
1+[S, /K, +[S,]1/ K},

(B) ELEPI PV B RSFURS T o (357)

FA"I‘ :
Vi = Ll k,[ES,]= K[EL[S,]/ K,
dt 1+[S1/K, +[S,1/ K,

m

(8%)

()

2

all

23
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© %:LHI'_E:#U P, r% F’%)@,}:Fm%:{ o 3 ]})
e
l»:ﬁ[ .
vy = IR _poes 1 KIELIS.I/K,
dt 1+[S, 1/ K, +[S,1/ K},

(D) B5F ks~ ky' ~ K FI K’V il = (16 57)

=

i

v, =V, 4V, = [E], (k,[S,], /K, +k;[S,]1,/K})
1+[S, ], /K, +[S.1, /Ky,

J—

rR=1. [EL _ VK +1/K, 2 1
Tov, kK +k /K K /K +k, /K. [S],
2 _690x107 (1) b4 Lo gy INereept s ig0 (o)
Ky /K, + K TK, K, K. slope
R=4; [El __02/K, +08/K, 1 1
v, 0.2k, /K, +0.8k, /K

(o]

0.2k, /K_+0.8k /K. [S]

=——7-=1300 (3) ! =1.22x10"° (4)
K, K’  slope 0.2k, /K_+0.8k} /K

From equations (2) & (3): Ky, =0.40 mM;

£+ 0.8 _intercept

(4%)

K = 1.0 mM (4%)

Substitution of K,, & K,,' into equations (1) & (4) gives:

2500 k; + 1000 ko’ =2.90 x 10° (1)’ 500 k, + 800 k,’ = 8.20 x 10°  (4)’

c. ky=10005s"; (4%)

ky' =400 s™ (4%)

24



Y%L -

(B) Hi S AIS, VFIEIRE IS 1.0 mM > 355 Py A Py S SRR b

e G55
-
i
UL TL ST
v, KIK,
2

SHET SRR o J}Ejﬁ[;’?n%‘ﬁfj’gﬁ—i s Fﬁl' :
) EESRERERE AR - ‘P‘a‘*ﬁ%ﬂﬁ*xj[ﬁ (8 57)

FAT P RER PRIV B2 1R(deal gas isothermal reversible expansion) -
AE =q+w =0,

O =—W=RT In% =RTIn2

1

AS =9 _RIn2
T

b) CEESEEVERR - RIS (8 57)

FAT CERUNEREY o PEFERANE- B @[T S(entropy change is a state function,
therefore) » Frl'} AS; . cxpansion = RIN2

3, FKES R o BT A AR R
a) -~ BT SN - B T % 2 SRR 0 CO®E oC -
(8 73)

%

!
) CO E RV~ B HF 27 [ERERE( each CO has two optional directions, therefore, one
mole of CO has 2" microstates) ° (4%)

B] Boltzamann ‘*=% (From Boltzmann formula for entropy)
S=kInQ=kIn2" =NkIn2=RIn2 (4%)

[ —

25



L -

D LTEi - BESRRR L AHERRARE [V ST
PRS- G L T Ry o g 2. TR AR TR R
3 ﬁsgﬁu» U Ex]'f' Rl B f'_fggjft (microstates) - 3. IRFIp™ T ALEF

PR R e 5 ﬁ’&ﬁﬁﬁﬁm’ﬁﬁ@ﬁmﬁﬂﬁgﬁﬁgmo)wﬁ)

° .
. (e v
- - 8 J e .
o’“&‘;--’"" :’Jt;i 3 h&.
¥ ¥ .
LAl A
S e ey e
e i o7 e S ey
o) g, wor

= REEUIFFIE) 2N BUERS -

TR AEHBEY Y 'f'%n FL_FRYRRST PR Ry IR AR L - BT HCE 27 WA (microstates) ©
(one mole of ice water has two mole (2N) of H atoms, and each H atom may have two optional
directions, therefore it may have total of 2™ microstates)

SR T RLERE Jﬂﬁ@ﬁmﬂ L[S FXPT » [ W OHL AVSVRS RUH o - B3 B
SR Y E EVRL R ST NI FEE (However not every microstate is satisfied, they
can be divided into the following situations, and each may have its own microstates as followings:)

[+] o
| 4 6
H H
Q- H o O H—0-~H—0 O H—0--H—D
H H
o o
(o]

(=] I—0 T—0 o T—0 T o

W LS FYEfLRL (only the following ratio is satisfied)

16
Bl B E | PUREER R ED (therefore all the satisfied microstates is)
a-(g) 2 (3]

16 2 (4%)

s b cin . 3\ 3
AIEFRFVHEEL  (the entropy at absolute zero is) S =kInQ =k In(ij =R InE

(4%)
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4. LRI R R IO (RO% R R PR
740747 cm'l,(a)g:i*%af*{‘ﬁiﬂ Enc:l j'iiTElfJ’Eb'Z‘(Rydberg constant)(Rpi+) % % "D 2(5%) (b)) l'-Ffl ErEe
E &4 2%][(Balmer series)fiv 3T f’%ﬁ’ﬁﬁ%ﬁ%i@iﬁ)ﬁﬁiﬁi@ﬁﬁ?lj ? (5%) (c)3t fﬁ;?@@%’ﬁg
PAELEZELE T (em™)? (5 57)

e .
IZA[ :
I i . = 1 — 1
(@)% &4 FY[(Lyman series) n,=1 V=R .. (1_F)' n=234,.. V= 7
740747cm™ =R _,. (1—%), ~R_, =987663cm™ (5%)
G| T | = . _ = 1 1 — 1
(b) 1" &3 E5[[(Balmer series) n;=2, V=R . (Z—?), n=34,. V= 7
_ 1 1 _ a
V=987663(, - ). V=137175m (5%)

() Yﬁf’%&i(ionization energy) V=R . (l—%), n—>o V=R, =987663 cm™

(5%)
5. F|"] Hiickel ¥T {13 $TEIT S 1HEL(CHy) (1) 7 -FF R ERVEEN() o and B E3RS
FE), (8 73) (bVRf53 i o -Fr (R LGS 2130~ JOREAFFAVF=145%, 7 2 (') aand
bR BT) (4 53)

i .
l»__bl .

x 1 0

1 x 1/=0 _
CH,=CH-CHy . x=04/2 x=% E

0 1 x yij

E=a, or E=a++28,0or E=a-~2p

(a) ground state Pi energy, E =2(a ++28)+1a =3a + 22 (8%)
(b) the HOMO-LUMO gap is AE =+/2/3 (4%)

6. %;*{F}y’}%‘ﬁ*utﬁﬁilﬁ%}lﬁ NO, NO", and NO", (#8834 (L Z[ ] pUEEEE] » (6 57)

PN

i . Stability in decreasing order, NO™ > NO > NO~
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A 7323 (100 53 ok :

v‘ j ~ rT= 2y 22 A
ARV wghesmagisie

READ 7 (285 EE (H 30 53

S5 [*% W& PURATIRIYITS © FRF TSRO RE £ 1.06min > RIFVEZAVRE £ 30m - [

% 0.530mm > T P VRS £ 3.0 um

14.77 min
F F
n-C;H¢
el & 14.56 min
F F m
12.98 min 'I I|
A R
| © i
|
| |
' |
‘ | 13.20 min /
|
3 - /M | \
= | | (‘
S | ) |
& || f 13.81 min
= | I| |I |
S [ " I
8 | || l I| \ |
3 . [ |

| \ ,."f '\\ .

Sl

7%y L hN

—T—T——T—T—TT T—T—T—T—T7 T—T—T T T
13.00 13.50 14.00 14.50
Time (min)

1. SRR ﬁ:’faflfj?ﬁﬁﬁdi'(capacity factor, k) (5 57)
FAI* ! I-1.C¢HFs: (12.98-1.06)/1.06=11.25

CeHe: (13.20-1.06)/1.06=11.45

TR EZENS (selectivity factor, a) (5 77)

g
kil

FA"I‘: I-2. a=11.45/11.25=1.018
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%
3. YRR FYPIRTRO S WPEW2) S 545~ (0.124min) 2R (0.121min) - 3 FTERY B ﬁ?”JF'fEEJﬁﬁ
WFJ:‘J(S 77)

R—'\—‘A .

K C¢HFs: N=5.55x(12.98)%/(0.124)’=6.08x10* ; H=L/N= 30m/6.08x10" = 0.493mm

C¢Hg: N=5.55x(13.20)*/(0.121)*=6.6x10* ; H=L/N= 30m/6.6x10* = 0.455mm

4. ENRIRH 9 RETPR (W) - FHERERIR ™ 70 EAs s 51)

PN

7T ¢ W(CAHF:)=0.22 3 W(CeH)=0.239

C¢HFs: N=16x(12.98)%/(0.220)*=5.57x10" ;
CeHe: N=16x(13.20)*/(0.239)’=4.88x10" ;

SAYEI-4 fy }z;*:ﬁ ) TRERIT Y REPVERFTR (5 5T)

PN

Fi . Resolution = (13.2-12.98)/0.229=0.96
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BT RUMBRE (R 25 ) ot
L B E AR S E RIS RPAPOPs) " FRLE (B T ¥ I D[RR PR I

"

—_—

TR R BT i
S

H??ﬂﬁéﬁ” ¢W%@mvmﬁfﬂﬂﬁﬁ
ST Ty I B 0 RIS

Bow N =
_nl

2. Iﬁ?}[fj 2.0 mg/L I'] "parts-per" ZA-: 2.0 ppm (J[! ppm, ppb or ppt).

3. Ju™#E (Kjeldahl nitrogen analvs1s)|FI B ‘k)ﬁjﬁﬂ;}‘iﬁ[“[h F'ﬁ‘ s 53y B AR FtﬁlH[ R
B ) (5 T R PR -

ﬁ .
1. 3fj{* C,H,N — NH;" + CO; + H;O (in Boiling H,SO,)
2. 1F1 NH4+: NH," + OH — NH;(g) + H,O

3. LT B NH; +H — NHY'

4, riﬁiﬂ‘ﬁ-ﬂg@z NH;: H + OH — H,0

4 FE- BRI TSR AT S PORAE BT T R
j j ]
POZ BB BIHEER R AR QT
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A.

P i FCE (#2553
1. HERH L3 A FERCR: (9 57)

[*22535 % chemiluminescence

Y%L -

BY S R RS Rl BT R AL -

D.

PN

fl

. A=¢bc

E.

o

‘élﬂ v

1

A

A: ISR (TR

g ?FHL["E'JT Eﬁl‘f Lmoltecm™

B: 7L I""" = ,
C: RE (M)

,\71

:’?;F“F.J EFFZ stokes shift
+ stokes shift [ * FTBEE AR APPSR TR

F=g2 L. Beer-Lambert’s Law (in molarity)

F=g2 L. Beer-Lambert’s Law (in molarity)
2 B2 stokes shift

ARy

UR 8 AR

2. %&ﬁx_;ﬁﬁ?jd’iﬁ FF[E J?‘?‘SUT%E&EE ’ ‘“‘""%u‘ﬁf]f‘[ﬁh?gfl’?%’ﬁ;%ﬁl@ﬁli'@ [* (quantum change)Z2E+

’i;er FFIKE |(type of spectroscopy) ° (16 77)

AN
l: | Change of
T'ype of Change of Change of nuclear
quantu Change of spin orientation configuration Change of electron distribution configuration
- ~ - o - ~ - i 7
g o -—
k. . . ) =l
1 1‘ _ or @ —
w - G
.\‘i - -
N
Wavenumber, cm ™!
102 1 100 10* 106 108
| I | | | 1
Wavelength
10 m 100 em 1cm 100 pwm 1000 nm 10 nm 100 pm
| 1 | | 1 1
Frequency, Hz
3 x 108 3 X 108 3x 10" 3 X 1012 3 x 10" 3 x 10 3 x 10
| 1 Il 1 1 1
Energy, J/mol
1073 10! 10 10° 10° 107 10°
| I | | | 1
NMR ESR Microwave Infrared Visible and X-ray g-ray
Spectroscopy ultraviolet
© 2004 Thomson - Brooks/Cole

31



B - FOE G20 5) i
1. ?ﬁl“ 1-*175[3 Hfﬂiﬁ”ﬁﬂfl: fMIndium '] % FYttrium.

Y(S) EO =-2.38V
In',y E°=-0.444V

Yttrium Y+3(aq) + 3¢
Indium In+3(aq)+2e'

L?Eﬁip%—ﬂi A LT~ EIA ~ FRAT - BEA ?ﬁﬂ’h S P EERURS ~ ERYET T
o BiE o ?F@y'@i—q&q& - THHY ﬁ’ﬁw = E&ﬁipp YZ#5. A (line diagram).

A

;

S
él

=y
T

——

e/

[RUEAIES
T

lig

(S35
BUEU~ B
HInpug = s

U E [ PtL] ﬁﬁ; E’dﬁf’f’lﬁ‘?‘ftg B

Ex"

E 1y

FrAy

F(~E

JA.AYEGJ:«{: Sy

T2 N v
Y™ Bl

Line diagram:

Y|Y"|[In*, In"|Pt

Net reaction:

3In"ug +2Y ) S 3In" 6y + 2Y P4
Potential = -0.44 -(-2.38) = 1.94V
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