[1] &8 987} A=E So 20 g gdF o] AA+= (1) Li o] graphite B4&Z Ao
Aol Eo]d+= graphite A=3}, (i) LiCoO, A=o=2 FAF QT o] HAo|A dojr=
3t F+39d 9 (standard reduction potential) S FFalsle] &S0 HlA L.

(ZF 538 x4 = 204)

Li* + e + Li,-i/graphite — Li, /graphite E°=-3.0V
Li"+ e + Li;-xCoO, — Li,Co09 E°=05V

(@ ) 2 G A5 T o= d=0o] 3
= T3l (63)

9>

a) (ii) LiCoOy, + =

(o,

Hk-2-o] doji}= & F(cathode)Ql7}? o] A=+L +, -

(b) o] MAe] HA W-g2& 223 HFFE A A cell voltages T-3HA 2. (53)
>
b) Liy/graphite — Li"+ e” + Li.;/graphite
Li"+ e + Li;-.Co0O; — Li,Co0,
Liy /graphite + Li;-xCoO, — Liy-;/graphite + Li,CoO,
E° cell = E° (cathode) - E° (anode)= 0.5-(-3.0) =3.5 V

(c) o] AAZ ALEF A4S Li' o] &8 o= AF o o] E3H=71 (53)

4>

c¢) cathode?! (ii) LiCoO, =

(d) F A= Atol= thaAdl
=712 (54)
4>

d) Li o] AgS 9
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[2] Li@x]oﬂ A}é—lﬂ% Graphite®™ T3 293} o] WAz

a) o] L#FolEE & Ba Axbe; Qi 371 A AR} Alole] T 7bA] EF Ado] 9t}
o]E A3l tlsle] TN Y Earong MdS E9l5te] AHsiA L. (5A)
4>

a) 1)sigma 23} s+ 2Xp = 3Xsp®
3k B A A=} 3709 sp? orbitale] FYe 371 dAfolA 2= 7+ skt sp? orbital® sigma
a3%E A,

2) Z+7} 3hye] p orbitale2 pi 2.

¢

b) ejgtolEd| o] AE FAtete] LEfjuto]lEol A slue] 6743 s Qe o] wlAld ko
2ot a7t glol 6708 AR A g2 AL (unpaired electron)7h &4 v 1% 3
2o Cy BAE AASIH T Pi orbitalel]l thdl oy #] =9 (energy level) % #A}7 =3t
F(molecular orbitaD¥HS &3l (1) Tl & Fo duAEHl pi AAES A¢-

1 (63), (2) AAZT ANR dUAEAE T 7P 2 dyA £ A3t EAAES
& highest occupied molecular orbitalHOMO)®]2}aL 3tt}. o] oUX|F=H 9] 3| Z3+= pi
EAAEZ34 (molecular orbital) 28 28A12(GH). (5 10%)
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c) 9l¢F 2 conjugated A+ bond-orderi= ZA3tel Foist WA= Agte] 49 Hlaw
= 53 7 5 Ay} A= Eo] CeEA A9 C-CAT9 bond orders= 1.5¢]t} Cg' ™
A A o] C-CAF9] bond ordere FARAZ? AAE Wt=A] & A, (103)

©>

c) #ofbondsin Cs'" (18-2)/2=8
bond order between C and C = 8/6= 4/3=1.33

d) Cs,Cs",Cs"" & =
o>
# of unpaired electrons Cs =6, Cs'=7, Cs""
c6++

7} Al paramagnetism< Holglgl oA Hi= Ex=2 (6F)

=8



[3] A galvanic cell is constructed by linking a Co?" | Co(s) half-cell to an Ag* | Ag(s) half-
cell through a salt bridge and then connecting the cobalt and silver electrodes through an
external circuit. When the circuit is closed, the cell voltage is measured to be 1.08 V and
silver is seen to plate out while cobalt dissolves. (Z}@ 53X = 154)

F=96485 C mol'}; Ag = 107.9 g/mol, Co = 58.9 g/mol

(a) Write the half-reactions that occur at the anode and at the cathode and the balanced
overall cell reaction. (53)
>
) Anode: Co(s) = Co*"(aq) + 2e”
Cathode: Ag'(aq) + e — Ag(s)
Overall: Co(s) + 2Ag" (aq) — Co* (aq) + 2Ag(s)

(b) The cobalt electrode is weighed after 150 minutes of operation and is found to have
decreased in mass by 0.36g. By what amount has the silver electrode increased in mass?
GE))

>

) (0.36g + 58.9 g mol™) (2 mol Ag +~ 1mol Co) (107.9 g mol™}) =1.32 ¢

(c) What is the average current drawn from the cell during this period? (563)
>
) (0.36 g+ 58.9g mol™) (2 mol e” + 1 mol Co) = 0.0122 mol e~
[(0.0122mol)(96485 C mol™)] + (150 < 60s) = 0.13A

[4] The nuclide °°S decays by beta emission with a half-life of 87.1 days. (£15%)

(a) How many grams of *°S are in a sample that has a decay rate from that nuclide of 3.70
x10° S7'? (8%)

>

) The decay constant equals In2 divided by the half-life. In this case, it is
(0.6931/87.1d)=0.007958 d!. Two of the three quantities in the equation A = kN are now
known. The third is
N=A/k = [(3.70x10%™") + (0.00796 d")1x[(86400d™) +(1 sH] =4.017 x10° atom
m 555 = (4.017 x10Y atom)><[(1 mol S) + (6.022 x10% atom)] <[(35g **S) =(1 mol **S)]=
2.3><10_13g 35g

(b) After 365 days, how many grams of *°S remain? (773)

©> We know the decay constant of the radioactive isotope, we know how much of it we
start with, and we know that the decay goes on for 365 days.
N=Nie™ = 4.017 x10° exp[-(0.007958 day (365 day)] = 2.20< 10" atoms

This number of atoms of *°Sis a very small mass, only 1.3x10™" g



e FdRtel AR FAAEAUTE olF9 HI(N/Z) v o] E<H (unstable)
o] 32 57HA(B, FAA HE, o, FHAA/FTAHAA WE, fission)9] & doFit
o gt xxlolA 2zt A7t dojueA] 23S Ve 2. (& 3384 X 5=15%)

N/Z large B HJ%
O

N, Z &
A AR, A H5 FAAAR/FAAA W= (boiled off)
i=]
=

) -

[6] NO &xell thgk MO-o] &5 =8ty stshdstel Al7], A 55 AWd 5 Ut} o
& °]&ste] NO, NO, NO" 9] Azt 5l Aol thall dwstr <. (7 5384 X3 =15%)
>

NO: (625)%(6%23)*(n2p)*(62p,)*(n*2p)*
NO":(625)%(c*23)%(n2p)*(c2p,)*
NO-:(625)%(6%2s)*(n2p)*(c2p,)*(n*2p)*

g

NO: 2.5 (324d)  NO': 3.0 NO: 2.0824)
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[7] dadSAMLS 2 F&d0] v Hojuk 1960dt =274 #4202 o]ojxi.

(£204)

O

a) MCE 719 “N# cosmic ray (‘n)ZFE AAHET o] 3 wksAS 2k (54)
=0
14 1
14N +p —— Cc + H
7 0

b) “CE 5730 9] WIS A4A T Bk MNo| Al AAET olue] wheAS el

(63)
@
14(: — 14N + e
6 7 -1

o) TRl BAE Hx7he| gabe] o] WAHAI o] Fo] o g9 FolelA| o i =
o] At 19889 °] 59 S Sy MCe WAbs el 13.0 cpm/gol Tt 47¢]
o] Aztel] AbEE = AolgliE U] dA MCe WA 15.3 cpm/golth G99 AuE Al
2bs wetk (103)

9>
c) From A = A; exp (-kt)

k =(0.6931/5730) = 1.21 x 107" yr*

Thus t = —(1.21 x 107*)™" In(13.0/15.3) = 13464

kA A7) 6423 7H o m FA.
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[8] &l CHy=C=CHg, ol i3l th&ol watrle. (Z 334 = 155)

a) 72t ©Ahe] EAAETTE ek 63)
2

> T sp THEA sp

sp
e VN
C—C=—C
N
sp?
b) C-CZAZe] ztal &= n A% 2gS 18 (63)

4>

c) olu ul 7le] Hatome L3k HwWoel QA= 3294 +2E o=t (63)

4>

A A % F Fo| CHyb o] F B A= S oluh,

off

[9] TF&2] o] A #£2E59] (a) Bond energy®] A& (F AFH) 453 63), (b) 2
& Agstg 63). (F 103)
05, No, F5, Bey, B>

@
(a) Ny, > 0, > By > F, > Bey
B¢ Fe, &4 E8]W -2 A

(b) MO-diagram= HE¥ A7 Ny (3), 0, (2), By (1), Fy (1), Bey (0)¢] =4 ot Fy9

74 AApgko] Ae) Byoll wls 1 AgAI 7] 7F oFsiu



