[1] o334 e Amse] vk ok (F253)

A) Cd =t7] 10 gram, £°(Cd*"|Cd)=-0.4026 V

B) Zn #th7] 10 gram, £°(Zn* |Zn)=-0.7628 V

C) Ag 2tl”] 10 gram, £°(Ag*|Ag)=0.7996 V

D) Cu 9th7] 10 gram, &°(Cu® |Cu)=0.3402 V

E) 1M CdSO, €99°] 100 mL ©AYE= H]o|HA,
F) 1M ZnSO, &o] 100 mL ¥ JE Hlo]A,

G) 1M AgNO; &9o] 100 mL HAE Hlo]#A,

H) 1M CuSO, &90o] 100 mL B e Hlo]7,

I) 9u2] (Salt bridge),

J) WA,

K) £ 100 mL ©ASE HlolA.
& TR AEglel BE 359 UAFE 100 g/mol ©]al W 10.0 g/em’ o]#al AL

Ahst sk cd* Zn* Ag’ cu®
Cd X X 1.202V 0.743V
Zn 0.360 V X 1.562 V 1.103V
Ag X X X X
Cu X X 0.459 V X

DATEH VHAS ARE AGete]l AGTE 29 ¢ e AAE ¥ BF BE 5 sk GR)
A B, C, DF At #AAFE AgE + gl 23 AT oE 488 £ g AL

72 (27)

%)

67FA s S Tk 33)
B(zn)# C(Ag)E 217y BAASH AspAF o2 A 5 gl (27)

b) 7Hd A& GAFNAANE A= AASol tig 7Y vAlES A A A= drpelA
b (53-)
)
Zn (s) + Cd** (aq) = Zn*" (aq) + Cd(s) (33)
A =& (FLAF)- & (AR T) = (cd®* | Cd) - £° (Zn* | Zn) = 0.360 V(27)




0 bl A9 DA oo FAAMZ IRAXNAAT} 2 AR NE A4 Y o
A slok st (53)

)

©0.0592

Y2 AEA A, Ag=Ag’

log,, Q. (1%)

1.202V = 0.360V-(0.0592/2)logQ, (27)

Q=[Zn*")/[Cd*]=3.58 <10, [Zn*"]=3.58<10%° M. [Zn**]/[Cd*"]=3.58<107%°2] H] &S ZFo]Ft} (2

)
d) 7Hd & SRAAANE 7 E AA 9 A9, 10 gram ZF7F SN G714 sobd AR{7E o o
s2x @A D w7pA e s 4 Arpelylr whek AF7E 1.0 A 2 dAFGE dnke) A7 F

oF AF7F E2E71? (hour2 FEA3HA] Q) (53)

Zn | zZn* | Ag" | Ag 7t 7HE S A A A9l (As° =1.562 V ) B ZHRITE S-S0 Agtel el
0.1 molgfol glom= o]zlo] R whgsl whgo] 4. YAl 100g/mole] == o]&= 0.1
mololl 39stal webA F 0.1mole] A7} EEt}, o]= 0.1 mol x 96485 C/mol = 9648.5 C.

web wy, =-QAs =-19297C x1.562V =W 4,=-QA e= 9648.5C X 1.562 V = 15 kJ. (3%])

257} 1L.0A=1.0C/s 24 t=Q/I = 2.65hours (24)

T ksl =Rl Znel ¥ Vo ® A A, (23)
W=-QA¢e =-19297C X 1.562 V = 30 kJ.

t=Q/1 =5.3 hours

e) d)o] A, ARV 2EA &S urtx] dLdHTo] EgHE FAE drkelr EWA-S 100 cm’Ef
a1 kAL (63)

3H)

rr

Ag 0.1 mole] =% a1, 9x=-e 100 g/mol o] =& & 10g ©] =5Ht Y%7} 10.0 g/em® ©]
B2 olE 1 cm’l sjgdct £H A2l 100 cm® o] 22 F7= 0.01 cmth. (53)

obgfe} ol Het AAHA (47)
Ag 0.2 mole] =% a1, 9x=-E 100 g/mol o] =& & 20g o] =FHc UE7F 10.0 g/em® ©]
B2 ol 2 cm’ol dFditk. WA 100 cm® o2 2 F7= 0.02 cmUl.



[2] faol9 FrE REE oju 22 [Hg,Cly(s)] A=) gtk o] A
gto] AAES ATy 71dHo] 0.3274 V 7} dojHh ofg ZEAT A A
Pt | Hy (1atm) | HsO"(IM) | CI'(x) | HgsCly(s) | Hg | Pt A Aol i3t t}s Z-5o
25 Colt}. (F153)

2Hg®" + 2e” > Hg,™  0.905V

Hg,Cly(s) + 2 > 2Hg () + 2CI°  0.2682 V

Hg,”t + 26" > 2Hg ()  0.7961V

a) AA w23 HA o F7)HEae")S T35t (53)

)
[HgsClo(s) + 2 > 2Hg (D + 2CI°  A€°=0.2682 V]
(-1 [2H" + 2~ > Hy(g) Ag°=0 V]
HgsClo(s) + Hy(g) & 2Hg () + 2H + 2CI° AE°=0.2682 V
33) )

b) Cl'e] & &% x5 T3tk (63)
AH)

Ae = Ae®~RT/2F In ([H"1°[CI71%/Pu2) (27)
0.3274 = 0.2682 — 0.0592 log 1o X
kA x = 0.100 Meo]t}. (33)

¢) Hg,Cly(s) > Hgy* (aq) + 2C1 (aq) 3}3Hikg-o] P42 Fatod et (53)
AH)

4 HguCla(s) SHg? (aq) + 2C1 (aq) & A7) lake] $lo] Foid ¥ wm A

Els
HES- 2ol A A WA dIuke-21S w =t} oju] Ae°=0.2682 — 0.7961 V = -0.5279
V (B33)

—~

-RT InK =- nFAe® o2& K = exp (nFAe?/RT) = e *I! &= 107178 (27)



[3] TS0 Fo7 3}8FEEe] tste] Molecular Orbitals iL#lste] Ao E3lA L. (2104)

BN, CO*, 0, , CN’

a) oI55 FUAAtole] Addolrt &L ARE sAuE Ydstr 2. (63)

3H)

CN™ < CO" < BN < 0,2

b) ©]& % paramagnetic 3 A2 YEHE S 5 1242, (3F)
AH)
co*

(CO"£3g b2 A EAAS 9 13, CO'7F YAY 471 25 EAPS o 07 A=)

o) °l& T FooF AgeluA7t 7HE vlsd Ae =242 (23)

3H)

0,2



[4] v 292 WAlelA 6709] &4 p, enjge] BlEA o A%s ol& w ZAeng (MO)e] ¢y
A F=AE HERAT o] Y-S B v S50l g3tk (F103)

a) 671 MO®| 2195 ezt (5%)
")

o
S

+ - 3w glew 14, 671 54, 5,470 stew 44, 370 34, 270 14, 11 14,
byn Agts AL o C-CAFT Hit IUAE a, b2 Hehfiolet (3%)
AH)

a/2X 4+ (b+ta/2) X2=23a+ 2b, C-CAY¥F Fwl|HA|=(3a+ 2b)/6

o) Aelde zo] WAl EAFe] AAGEHE 7] A W doE Sk A olUAE a, bE HEREL



[5] O3 o 7, (F153)
a) T 0YA= oW EA3kE shal dv? (23)

AR F A7 AA 4= 3#6=18

sp? E4 3}
b) ( Agtel e AAe B Aoln mHAAR e AxeE E A7 (37)
A

upZ Abael FAldba Abole] AR 27lel 247 2704, 2x2 = 4. 1@l sp? Q] YwXE gyl

ApFoz HAA} 270,
o) n HIAZ oneES AQd ywx] nlAgt onjgd & A= F 9 Qv (23)
A
k2o 2soll 270 47). @i ZF AtaE v AT 2p eugd] 2/ A F 2x2=4. wEld F

4+4=87).

O n AF oHET x WAG ool 2zt @ A ATt ke (39)
%)
n AG erEst x| AG one] 247 2% e A4t 9

H

AFY AGAFE

e

vkl7k? (53)

=

e) Adatrs dvtol

3H)

AAr=1/2(6-0)=3(3%). Age] 27} olnz ZAYT 14. (23)



[6] PtBr,” 248 thg3} 2 wgES ool A2 FES dAdest
PtBr42' + CN — [Pt(CN)Brg]Z' +Br
[Pt(CN)Bra]® + NHz — [Pt(NH3)(CN)Br]" + Br’

PtBr,> + NH; — [Pt(NH3)Brs]* + Br
[Pt(NHg)Brg]l_ + CN_ — [Pt(NHS)(CN)BrZ]l- + Br.

olu] dojA HE3IFE A9l BE e 3EAS /A Al S Esta U 3§20 oy}
(F154)
a) 9 st=ElA Pto] dorbitaldl = Ao = 2 AQI7E? 23)
%)
8 7N

b) PtBr,%” ¢ #+%2 g A9, (3")

A®) Square planar, FAARZFE %

\ Br
Bru, //Illlu, ‘\\\\\\\\\

Br/ \Br

c) o5 3}gHEA Pt crystal field energy diagrams Z12]A] 2. (103)

3H)




[7] Co9t CORE o]Fojx ILE JlHY 3FgES 743t COv 7|A= WA Aoy IUE
7b wheth o] 33HE 10.20gS AHeld wl 25C, 3.007143kol A 1.94 Lo} CO(g)E AUt CO9| ¥}
22 28.01g/molo]al Cool YAELS 58.933g/molo]th R=0.08206 L atm mol ' K™ ']

iu)
i
ol
—
(@)]
ey
N

a) o] 3= AgAe Falel7l? (33) whef o] bl CO Yzt=rt 870 Jduhw BEAAe ol
A7t (27)
)
CO¢ FAE th&3 #th n=PV/RT = (3atm)(1.94L)/(0.08206 L atm mol ' K 'x 298K)=0.238
mol=0.238%28.01 g = 6.67g. W&t Cool F-A&= 10.2g—6.67g=3.53g=3.53/58.933 mol = 0.0599
mol.
wp2kA CO:C0=0.238:0.0599=4:1
Z AFAL Co(CO), ©ITH3A). CO FTt=r}t 8ol nZ BERFAL Co,(CO)s(27) 0]t}

b) 18—celectron ruleS THEA|717] ¢l = W3t F+2E 714 oF st=7F? 7F s 25 A7
3 =k (53)
A

CodtAlel 97he] AA7} 3 e Cost FHats AAEE shte Azkahd 10707 9l vl A 87)
= egted A shAstol @tk s 7eet whEe Zhzke] Cozt 47iMe] COBIZI=S HISI(5R)EHW

Hrt

c) A¥AoR AZE HY o] EAtA = 2719 COTEETE 7 Co ¥AF Alelo] AXA = o=
(bridging, te]Z23%) B At} o] A$-ol % o3| 18—electron rulex WE3=71? (53)

3H)

vl 29

)

o

5

rr

Cogt=ol = st el AAuke 7o mz ofd3] 18 HAa HHS Wi, (5



[8] The Zzte] gex Ba A
a) P E NHo9 AA2Hd o) gtz e 44 848 4 1oy Co & o7tk (33)

) 0 (Co™ &= AAbaA ZEg4)

@)
X
e
)
ol
=
ofj
[
3]
)

b) Fe*" o} & F&o]&9] low spin WA #F3}gtEo Arriann dxi7)4de] oFsitt. (33)

AY) O (d° o|m= E427F gth

¢) Ethylenediamine 32217} Pt o] Lo wj9lsle] 3438t 8132 o= 4714 o] A A7 EA4)38H). (3
A)

) < (F7HA getol A7 =4

d) Ligand fieldo] =< Co% ol )38t Cl glzt=9} CO =9 AdA7] zpolE Hdst 4= ¢} (34)
AR) < (29 7hs)

e) Y= kS dojmEHdae] v s 23 A dAVE Atk 3R

") O (AU



[9] ZwA] v $12=2 (octahedral coordination complex) [CoCly(en);]Cl o #g thg Aol HalA|
. (Co®l AApz: 27) (F15%)

a) 9 wieIEe] wiele, L ES Ak, E]al o
H)

ulf

= 242 (33)

€4 6(134), 4F3}4~ + 3 Co(llD) (17), dichloro diethylenediamine cobalt(IIl) chloride(17)

b) ¢ WYFE 1 mol ©] E0]dE= &N 3 mol 9 AgNOsZE 713S wf 2 mole]l AgCl 7o)
TH5o] A E=71? (33)
AH)

AgCl 1 mole] A= Id=E

) 9 WIgIFE o] 29] [CoCly(en),]™! o] HAAE BT 3| A L. (3%)
)

37} trans isomer, cis isomer, cis isomer?] optical isomer (enantiomer)

d) A2=3 ZE (low spin complex) ¢ ¢ BIYAE o] 9] ( electron configurations 53], 27
Z ot 3} oA (crystal field stabilization energy) #tS 384 2. (33)
A

Co ®*, 3d° (13)
t2g6 (dxy’ dyz’ dxz Oﬂ Z‘]- 27H‘°’] @X}% 7]';'9)

CFSE = -12/5 A, (23)

e) 9 Wi¢#ES A S (paramagnetic) YEFH =71 ¥HA}A S-(diamagnetic) YEF =712 (33)

9kx}A (diamagnetic)



[10] ==l [Ni(Hz0)6ICl wieIztEe] b
ojd wjef2=o] HAHH=AE Wela A WMatE S5kl BA L. (F5F)

3H)

o
12
=2
.12
ol
T
o
il
A
2

[Ni(H,0)6]" + 6NHs —  [NiNHa)l" + HO (3%)

E9 H3] gRYo} ElZF=7) more strong field ligand®] 2.2 crystal field splitting energyd] o] #
Ax, 2 ARz gL o] 1S FFEE (A4 > =¥) 899 AL 254 FENQ2H) &
= Wggit

[11] The molecular ion HeH* has an equilibrium bond length of 0.774 A. Draw an electron correlation
diagram for this ion, indicating the occupied molecular orbitals. Is HeH* paramagnetic? When the HeH*

ion dissociates, is a lower energy state reached by forming He + H* or He* + H ? (F10%)

3H)

The HeH* ion has the electron configuration (o1s)% electron correlation diagram (47)

Its bond order is 1, and it is diamagnetic. (3%]) The lower energy state should be reached by the reaction
HeH* — He + H*(3%). This set of products is more stable than He* + H because in it the two electrons
are both close to the +2 charge of the helium nucleus instead of the +1 charge of the hydrogen nucleus

and very roughly the same distance from each other.

[12] Two half-reactions proposed for the corrosion of iron in the presence of oxygen are
Fe(s) — Fe* (ag)+ 2e
1/202(g) + 2H30"(ag) + 2e— 3H20 (J)
Calculate the standard cell voltage for this pair of reactions operating as a galvanic cell. Is the overall
reaction spontaneous under standard conditions? As the water becomes more acidic, does the driving
force for the rusting of iron increase or decrease? [Standard reduction potentials: O2(g) + 4HsO* + 4e—
6H20 g2 = 1.229 V, Fe2* + 2e- — Fe(s) e = —0.409 V] (Z10%)

)
The standard cell voltage for the rusting of iron according to the overall equation
Fe(s) + 1/202(g) + 2H30+*(aq) — Fe?*(aq) + 3H20(1)
Is Ae°= ¢° (cathode)- e° (anode) = 1.229-(-0.409) = 1.638 V (473). The overall reaction is spontaneous (3
7). There is a considerable driving force for the rusting of iron at a pressure of O2(g) of 1 atm and a pH

of 0. Making the water more acidic has increased the driving force (373).



Periodic Table

1 2
H He
1.008 4.00
3 4 5 6 7 8 9 10
Li | Be B C N 0 F Ne
6.94 | 9.01 10.8 | 12.01 | 14.01 | 16.00 | 19.0 | 20.2
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl | Ar
23.0 | 24.3 27.0 | 28.1 | 31.0 | 32.1 | 355 | 39.9
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc | Ti \Y Cr {Mn | Fe | Co| Ni | Cu| “Zn | Ga | Ge | As | Se | Br | Kr
39.1 | 40.1 | 45.0 | 47.9 | 50.9 | 52.0 | 54.9 | 55.9 | 58.9 | 58.7 | 63.5 | 65.4 | 69.7 | 72.6 | 74.9 | 79.0 | 79.9 | 83.8
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe
85.5 | 87.6 | 88.9 | 91.2 | 92.9 | 95.9 | (99) | 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 |57-71| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba |see| Hf | Ta | W | Re | Os Ir Pt | Au | Hg | TI1 | Pb | Bi | Po | At | Rn
132.9 | 137.3 | below | 178.5 | 181.0 | 183.9 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | (210) | (210) | (222)
87 88 [89-103| 104 | 105 | 106 | 107 | 108 | 109 | 110 111 112
Fr | Ra |see | Rf | Db | Sg | Bh | Hs | Mt N
(223) | (226) | below | (257) | (260) | (263) | (262) | (265) | (266) I I I

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La |Ce |Pr Nd |Pm |Sm |Eu |Gd |Tb |Dy |Ho |Er |[Tm |Yb |Lu

138.9 |140.1 [140.9 |144.2 |(147) |[150.4 [152.0 |157.3 |158.9 |162.5 |164.9 |167.3 [168.9 [173.0 [175.0

89 90 91 92 93 94 95 96 97 98 99 100 |101  |102  |103

Ac |Th |(Pa |U Np [Pu |Am |Cm |Bk |[Cf Es |[Fm |Md |No |Lr

(227) [232.0 [(23D) [238.1 [(237) |(242) |43 |47 |(245) |(25D) |(254) |(253) |(256) |(254) |(257)




L

[1] Nivalenol> WAl F&5% 283 52 Mycotoxing] dF o=z th&3}

. (F103)

OH

a) Nivalenol ©] 7}FA 1L %1+ ZF&7](functional group)E& EF 2A2. (53)

(&g Ketone, alcohol, ether, olefin

(2 eto| A) i 58, 370: 48, 270: 3™, 174: 27&, o7i: 0™
(B8 Eo| Z&aE d<: Z7) 174 olak 18 ZH
(B8 got U= d2) 0™
b) Nivalenol o= 2 709 chiral center?} =71 (54)
(HEh (etetd, E2Es 8l3)

[2] C5H 12059 g8t S 7HA] = SEE SoA (F1563)
a) 2 719l hydroxy7]E 7HIA& TS BF 28A 2. (6F)

(&, 2 70| hydroxy”7l= 22 &2l SAsHA] &=,

(HEh
OH OH
/\)\/OH /Y\/OH )\/\/OH HO O
OH
OH
/\H\ M
OH
OH

(2t2 ol A<) 58 (1371 olAb), 48 (12-1070), 38 (9-67H), 2&] (574-37H), 1&(27H ol3})
(88 go| ZaHE F<: ZH) 170 o4k -1/
(88 got A= E9) 0



b) $lolA 29 o] AAE T YA ol A A (stereoisomer)E 7HA = AS B IEA]

(HEh

OH OH

/\)\/OH /Y\/OH )\/\/OH
OH

OH

/\H\ )Oi/oi
OH

OH

HO\/H/

OH OH
)\‘/ )\‘/\OH /\1/\0H HO\/ﬁ/\OH

(2t2 gho| 29) 58 (971 olah), 48 (8-77), 3&(6-57H), 28 (4-30|8}), 1&(274015H
(8 Eo| =gheEl d<: #4d) 171 o4 -1
(88 0t AE ) 0F

c) 919 el YAl AAE T diastereomers 7HAE AS BEF LEAL. (53)

(HEh

OH OH OH

AN )\hOH

4s

—~

rlo

MR
rm
m
(@]

rm

n
2

0
nr o
o



[3] B wbE TolAM Nbg= o] 'haex

o}
a) R—CH,0OH —> RJJ\
H

(HEh

)
~
o
~
@]
~
0Q
~

rlo
m
10

—~

ooy
o

rm
o
a2
bal]
oY rr oo
o

R

i un %8
r
o
S o .

E —~
4n
P}
Ju
o

[4] AzFel osto] th7]A(ET = HFH)

Argstet. (F103)

D ASd: DLEF(0)9] g3 o7 A

—>» R

58 (47H), 48 (374), 38 (274), 2& (174 o|st)
I

242 4dH) 14 18, 274 o|4h: -2
_?_

oA dejup=, AFEAe

2) dFHE: () A& 9% 2=vkd, 2483, 7] (23)

(ii) Smog@d (23)
(i) £, EG dg 24

@) A4 dAAS A

X=X
o
B
=

a3 =9 23)

o—CHs

BH,

T4 A9)4e] 37 24)



[6] A EAE 31ed g2l 2ol = 3842 wio] wWo| A&t 53] SAHE] H 3t
(transient species)?] A% o592 WY, F7HHQ0 Bxd ug} SHHES Gt} o SAHAHES

25 ZrekakAl A ke (210%)

1) AA B39 (stationary spectroscopy) (13)
AE/n-AAAAEe] Bx7 JAZ U 9 ()0l F3s 4S9 (A 23)

DA PS5 39 (time resolved spectroscopy): (13)

(1) A gFHEal s A3 233 (time resolved linear spectro.) (173)
S Y, AR g ¥ (Av:24)

i) AlZHEEls 397 H(time resolved photoimaging); (13)
W, SAL] Byl Aoz vl AL (A9 27)

[6] wA=Fol 22 FRS AFS B A BAFES 2t
& A AR BAFY Frtel wit Frbehd o=
A3 gt ol Bl wEtAlL. (310%)

Q) T 3 FRY AEAT 2 A A4S el

(53D
Polyethylene, polyamide (Nylon 6,6), Poly(vinyl chloride)

(2 ) polyamide (Nylon 6,6) < Poly(vinyl chloride) < Polyethylene

(RE28T813)
b) dutd o g uER 3HetEo BExEe FHF E4% (number average molecular weight) B8 %
2o B} (weight average molecular weight)¥ Zo] B2 YElY =08 1 o]f+= Fald7p
(37)
(HE)
DEX=E2 S4xe=z EXEo| (=34) g o 7iel =Zo| #o| EXSIEE Hdate



O #AT BAFRT FFPT LAl nRANGE /AH 4L U F dehy e ol RE? (2

)
(HEh
£ EXige DEA (B EE chain)ol 71N Mol o 2 YES F7| B2

[7] o G4 ABZS (monomer, AB) £33} (polymerization) LEXE w512} st =3k
5ol 80% Xy = AAPE 4SS BASARY, dEFAE B gloidoy aEAERe] Z4 o]

A A ¢S AL A ofgl E50 B L. (F123)

a) ol" ele] =32 (polymerization mechanism)e] dojw=712 (44)

(HE)

n

CHA| S8 (step polymerization) (R 2&$812)

b) ¢ TFREAA TEA S Al 100 ¥ W, ¥ A 10,000 o34 aldAtE: dodd
ol WA stofof =7k (4%)

(HEh
(Z8HEF2 2 (conversion) 99% O|AF ZMA|Z (RE2XTelS)
c) 9 WkgolA aEAFe] BHS IAS u] EApF] FE A Eol(byproduct) FAl doH
A=7F? Aok of| FEo] FFEANA AASAL. (4F)
(HEh
HO{A £ AUZ. (2&)
12|stetE (cyclic compound) (27F)



[8] A9} BE M=
A’, Be} B'E 22 #Zg7]o} vkgAo

w) ol m=m A'sh B, Ash B'Rre] W& wmut @As wE u oo dRASS FF F
B DA TR AN (@ BE AT AT R (AN = (B-B)
(7t 27 = % 87) (PZE 1alM Lod o8, PXE JelX| U Uz FHH 2L 1F)

a) A-A° + B-B’
(HEhH
M8 DEX} (linear polymer)
A-A B-B A-A B-B A-A! B-B A-A B-B A-A! B-B

or

A-A——B"-B—}

b) A-B + A’-B’
(HE)

A-B A-B A-B A'-B* A'-B A'-B* A'-B A'-B A-B A-B

or

FA-BI—TA-B A-B—]—[—I A-Bf—

c) A-A” + B’-B,

7}A¥ a8A} (branched or hyperbranched polymer)

B
AA + BB, — AA—B— = —
B

d) A‘A’ + B_B’g

("eh 7tnd D2X} (crosslinked polymer)



[91 71AgEhe] ol oldlAt BAbe] F AAzre] AFAol7t 113 A o], o] Fae] w5d 342

EfoA dA&H 279 FFAL e AE5S5E zt=vta s} 1.15 x 10M 571, 2.30 x 10M 7L

h? _1 kK
aua =gz 90+ Z R VT c=2.9979x10°m s

e
’

E
e Eqe, =hv(+3) |

h=6.626x10%Js N, =6.022137x10"mol™
olgfjo] AT H3tAl L. (F253)

a) 1.15 x 10" sl &Fst= v 2 vlEoln ol oW 3 JoAlel dFst=rt? 53)
(HE)

8 -1
A=c/v olEE A== 2'91917:X11;1:“f =2.61x10°m (#14133)
14 J1oX

o]= microwave(rto]a 2 u})e] d|F3c). (24)

S AAHEHA A2" F F54 Alol9 Aolx= 2.30x10Mst-1.15x10"st =1.15x10" s o] 3, o]
£ 2B=_ "o gt Heb
47|
h 6.626x107* Js

=1.46x10" Js* =1.46x10*kg m?

I = =
47°(1.15x10"s™)  47°(1.15x10%s™)
—46 2
114610 Tkg My 14,902k
R?  (1.13x10™"°m)

AaAte] AFE myE a1, REE 929 2FE m, g Ak

| = uRZolER 4=

p=—00 03 m) =169 mol ™+ (6.022137x10%mol ) = 2.66x10 g = 2.66x10 kg
my +Mmgy
—26
o o Mo 14 10y M x (2.66x10 26kg)
M, +m, m, +(2.66x10%°kg)

m, =2.00x10 kg = 2.00x10 g x (6.022137 x10®mol %) =12g mol * (A4t44 47)

wahs] Hx e Yt BAAAC) oIk (Bt 2o, 17)
) 2.30 x 10" 57! ol sjRaEtE FEAdA At wiA e Ao FAGAS JE dutelrk (5%)
(HENZAXHAERHA di2EH F F5A Aol ol 2.30x10"st-1.15x10"s™* =1.15x10"s™*
h

7] of Feet. wakr 2.30x10"s™ =4B o FHFEt. ZFHEE ol A4
T

o|li, o] 2B=

7



J=1°A v ] J=229] Aol I3}, (53)

d) 2.30 x 10" s7! g 9% FHFAL ojw WEFo A vERE A1 (5F)
(M)

g F54E 2B=1.15x10"s"8Hg F719 ZA UYehd RolmE, 3.45x10"s™ ol b Ao
.

e) o] Bzt AEFAHL 9.3 X 10%m o)t} 12 344 (force constant)= Anpl7F? (54)

(HE)

c _2.9979x10°ms™

A 9.30x10°m

=3.22x10%s™"  (AHAtTbE 3F)

V= zi k olm2 k=47%v’u=47r"%(3.22x10"s")* x1.14x10*°kg = 466 kg s>
T\ u

(B 28)

[10] 3=l dZ2% ZnO Hi=ids Ao el =S 3ls o A7AL ofg A Wek=71? 21 offE b
o] drgstet. (F5%)
(HEh)

A&-L 1/10,000 - 1/1,000,000 A== 7FAsC) (23)
o]-+= ZnO2 band gap °l 333 AUAE 7HA WS RAFOZHA ARV R DA S bandZ H7]FH
£t Aol 7MF3ld. (33)

Q& X7|¥oll 2a Mzo| MI|X o] Hats = dHat (2F)

, Y F A =)o) FtEIAH ME MAJ} Lorentz &2 ttob H&o| HEIEE A 3lo] W (34)

[12] Y=de] @344l ¥ d A (thermoelectric device)7F € = A= 71ES A H st} (F54)
(HEh
& & H(thermoelectric effect)= A7|AEE vl EHEE PH[H I} Y=o 45 AA
o] Ztomw AXEEo| & EZd 1|3 1/1000 A== Zrold 4= Q). mpebx - & &0 10004 ©]
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& A A (63)

[13] The beta decay of "°K that is a natural part of the body makes all human beings slightly
radioactive. An adult weighing 70.0 kg contains about 170 g of potassium. The relative natural
abundance of K is 0.0118%, its half-life is 1.28 X 10° years, and its beta particles have an
average kinetic energy of 0.55 MeV. (Z103)

a) Calculate the total activity of *°K in this person. (5%)
(HEh
First calculate the decay constant of K in s
k=0.693 / ti2 = 0.693 + [(1.28x10%r) (365x24x60x60s yr')] = 1.72 x 107 s’

Number of K atoms = [170 g + 40.0 g mol™'] (1.18x10#)(6.02x10? mol ) =3.02 x10%°
A=-dN/dt=kN=(1.72 x 107 1)(3.01 x 10%) =5.19x 10° s!

(A AknbA: 38, = 2A)

b) Determine (in Gy per year) the annual radiation absorbed dose arising from this internal “’K. (5
)
(1714, Gy Zd3ke] w9, 1 Gy = 1 J per kg of material, 1 Gy = 100 rad, 1 MeV = 1.602 < 10" J)

(HH)

Each disintegration of K emits an average of 0.55 MeV of energy, and we assume that all of this energy
is deposited within the body. From part(a), 5.19 x 10% disintegrations occur per second, and we how
many seconds are in a year. The total energy deposited per year in then,

5.19x10° s x (60x60x24x365 s yr') x 0.55 MeV = 9.0x10° MeV yr'!

Next, because a Gy is 1 ] per kilogram of tissue, we express this answer in joules per year.
(9.0 x 1010 MeV yr')(1.602 x 103 ] MeV') = 0.0144 ] yr!

Each kilogram of body tissue receives 1/70.0 of this amount of energy per year, because the person
weighs 70.0 kg. The dose is thus 21x10° ] kg yr!, which is equivalent to 21X10° Gy yr! or 21 mrad yr.

This is about a fifth of the annual background dosage received by a person.

(A AknbA: 38, = 2A)



[14] Ao]7F LY v Soll 5ol dAA}bell thgh schrodinger® 4 21 vh53 2o,
-(h?/8m’m) [d™(x) / dx*] + V(x) Y(x) = E P(x)

o W, theil Fol Al gixpel

At b g Bl

a) AT AT 5 A U #2914
(HE)

dle’s motion is free and F{x) = 0. The solution of the Schrédinger
equation for this case illustrates the general methods used for
gther potential-energy functions.
Wherever the potenual energy V7 is infinite, the probability
o . 5
of finding the particle must be 0. Hence, ¢dx) and ~(x) must be 0
in these regions:

Hxy=0forxr=0orx=1L

Unside the box, where 7= 0, the Schrédinger equation has the

f"‘ :/ lx)
i
8mm  dx’ W)
, equivalently,
& ux) o S7tmb
dv? B

already shown, the sine and cosine are two possible solutions
0 this equation, because their second derivative is a (negative)
tant times the function itself. The cosine function can be
iminated in this case because, for the wave functon to be con-
finuous, ¢(x) must be 0 at x = (. This is true of the sine function
it not of the cosine. Therefore,

x) = A sin kx
the wave function is also to be continuous at x = L, then

yAL) =0

Y{l) = AsinkL =0
is can be true only if

kL = nm n=1,2,3, ...

This must be equal to — (8n?mEx / h?) Pa(x). Setting the coefficients equal gives (8n?mEx / h?) = (n2 n2)/ 12

*. En = (h’n?)/ 8ml?

Pl AfRE (F,
wete (& 15%)

V(x)=0) ¥Hde] v BreA = Vix) =
=3tk (54)
because sin (n7) = 0, so
Yhx) = A sin | ”f 8 w=123..

For the total probability of finding the particle somewbere in the
box to be unity,
L
[ P (x)dx =
“0

or

A* ’(: sin” ( El] dr="1

LA
J(;) 2
53
“ — \II‘ I
The wave function is then
7 aq Ll ) [15.19]
a(x) = VI sm( L .1’. :

To find the energy E, for a particle with wave function is,, calcu-
late the second derivative:

d i, (x) & ‘i o (BT
PR | V1 s ‘)]

(Al &tz : 5-)
b) Butadiene (H,C=CH-CH=CH,)¥} hexatriene (H,C=CH-CH=CH-CH=CH,) #A}<&j| A} z}7}o] et

Az = Pz &

energy level diagrams 7IEF& o2 a8, (58) (@

7h el & Axe] 499k 2o b g
FHEh (6H) (FEd=s 93)

onjge] e 1

A, degeneracyE §l8)

Hl g2 B A AX &= vAA dto]ddS FAdstt). ojuf butadiene Al MO
a7t gL, M09 oy &9
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c) 22Fe] AAAFE7) ground stateol 4] first excited state® 2#H4 W, butadiene® hexatriene ol
A 70 9o WS S48k A2 1 o712 (53)

(HE)

Hexatriene$! (2&)

Butadiene®] # A= n=2-—3, hexatriene®] #A}i= n=3—4= ©o|& 3t}

3k butadiene?] #-AFAo]E 2L0|2}al 3} hexatriene= W 3Lo] ¥t}
WA A Ebes = [(42-39h2]+ [8m(3L)2], A Esus = [(3*-22)h2)+ [Sm(2LY]E (M33H)
AFEhea < AEbua ©]TF. WEFA | hexatriene ] 3}7o] | At}

[15] CsSe Y=AE Gufjoll EAAAAN WHE a5 727243 W Y 29 xS &ojd =7}
bttt o] w, yredbe] Avier Fgdle] spge] AadAE AR Vlestal, 1 o] E AHst
2k (F53)

(HEh
UR7F ARFF 5go] ARt (2&)
A Mo 2 9% bandZE excitation® HAA7} band?] ol#F7tA] WHL & A# 2 bandE BoJX|HA
PGS DAY o] o, o 1Yl Fo] F& YRk AL ¥ F Yx|7} At (3F)

Al &
4RIl A1 =

[16] The specific activity of an article found in the Lascaux Caves in France is 0.0375 Bq g'? Calculate
the age of the article. (Z10%)
(The initial specific activity was 0.255 Bq g and the half-life of “C is 5730 years.)
(HEh
A = Ao exp(-kt)
0.0375 Bqg'=(0.255 Bqg™") exp(-kt)
kt =1.917
t=1.917/k = (1.917/ In2) t1» = 15,800 years (A &t2bd: 67, & 48)
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Periodic Table

1 2
H He
1.008 4.00
3 4 5 6 7 8 9 10
Li | Be B C N 0 F Ne
6.94 | 9.01 10.8 | 12.01 | 14.01 | 16.00 | 19.0 | 20.2
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl | Ar
23.0 | 24.3 27.0 | 28.1 | 31.0 | 32.1 | 355 | 39.9
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc | Ti \Y Cr {Mn| Fe | Co| Ni | Cu| Zn | Ga | Ge | As | Se | Br | Kr
39.1 | 40.1 | 45.0 | 47.9 | 50.9 | 52.0 | 54.9 | 55.9 | 58.9 | 58.7 | 63.5 | 65.4 | 69.7 | 72.6 | 74.9 | 79.0 | 79.9 | 83.8
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe
85.5 | 87.6 | 88.9 | 91.2 | 92.9 | 95.9 | (99) | 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 |57-71| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba |see| Hf | Ta | W | Re | Os Ir Pt | Au | Hg | TI1 | Pb | Bi | Po | At | Rn
132.9 | 137.3 | below | 178.5 | 181.0 | 183.9 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | (210) | (210) | (222)
87 88 [89-103| 104 | 105 | 106 | 107 | 108 | 109 | 110 @ 111 @ 112
Fr | Ra |see | Rf | Db | Sg | Bh | Hs | Mt § § §
(223) | (226) | below | (257) | (260) | (263) | (262) | (265) | (266)

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La |Ce |Pr Nd |Pm |Sm |Eu |Gd |Tb |Dy |Ho |Er |[Tm |Yb |Lu

138.9 |140.1 [140.9 |144.2 |147) [150.4 [152.0 |157.3 |158.9 |162.5 |164.9 |167.3 [168.9 [173.0 [175.0

89 90 91 92 93 94 95 96 97 98 99 100 |101  |102  |103

Ac |Th |(Pa |U Np [Pu |Am |Cm |Bk |[Cf Es |[Fm |Md |No |Lr

(227) [232.0 [(@3D) [238.1 [(237) |(242) |43 |47 |245) [(25D) |(254) |(253) |(256) |(254) |(257)
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