2002 ARF3}SH(E) FXFaAF RRIEQE (2002-5-23)

R4

1. (10%8) X:d,e,i O:a, b, c f g h,j(7 1%4)

2. (1073) a) total valence electrons = 2x5+ 6 = 16
1. electrons needed for octet = 3x8 =24
2. bonding electrons to share = 24-16 = 8, need 4 bonds

3. assign 8(=16-8) electrons to terminal atoms to have octet electrons

(a) :NEN—.E):: - :N=N=O.: -~  sN—N=0¢
(A) (B)

©
(4%

(b)(3%) A N-N Zo] (112 pm)+= olsAF el e Zdo] (120 pm)Eti= & A4

TAZFAA ] do] (110 pm)BEthe= At weba] $9] 37k F+x 7hed (09 %

E 4 AA (rule out) Al F AS Aolt} (34)

©) :leNz—:o': FCofN,=0, Ny=+1, O=-1
[ ]
(A)
.. ..
.. ..
(B)
() FC of N1 =5-7=-2, N2 =5-4=+1, 0=6-5=1

Col 4% A B %% Hluste] Hdsixtol7t A A7 S % 2 Nl -2, & 09
£ 41 9] PAAS QA Bow co| FaE ABI ] @ gFoE 9 AE
E].DLB’L( )

S
L.

3. (10%)
(a) (471

(0.1mol)(0.1L « atm e mol * « K (500K )
1L

o] A} 7] A p=

=5atm

Van der Waals 7] 4]

-1 -1
_ (0.1mol)(0.1L e atm e mol * ¢ K )(500K)_(5atm. g .mol_z)(o Amol)’ o
1L (L)
(b) (3%) z=PV/nRT = 1- an/VRT T7F AAWE 2™ term <<1, z ~1, & PV~ nRT
(¢) (3%) P=nRT/(V-nb) -an/V)*

P~1/(V-nb)°e] 22 nb7} AR 7]A9] &&HL2 =7} = repulsive interaction



33 E B 42430 7sdttt, a2 A EEAAAE EXY (intra-molecular)
Uil BolA = BAFRe] JA A Aol wiEel o]t A 4
inter-molecular) 443Nk 7Festeh(2 ). A FAEAFS

o o
o] Agtell mlste] Eaprtolo] 7l (force)7t B Aetar AXAHLE 4 packings 7F
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(b) (24) A: van der Waals force, or London force, or induced dipole-induced
dipole force:

Thermal energy (RT= 300Kx8.31 =2.48kJ) 7} Ar-Ar A%t #](wel depth
~1kJ/mol) 22 7| HAEE &

(¢) (24) D =1/Rell vl#&t=d Htall th& Potential curve= -1/R" el 8] &( n>2)

6. (108)

(a) (414) m = AT¢/K; = 1.32 C/(5.12C-kg'mol ) = 0.258 mol/kg

mol unknown = 0.01560 kg x (0.258 mol unknown/kg) = 4.02 x 10~ mol
molar mass of unknown = 1.22 g/(4.02 x 10 mol) = 303 g/mol

webA o] AiE wpgo® sto] o] 3HekES cocaineoltal FAT 4 AUt

(h) 24) 2==AH dojAe E3IAH = (Uncertainty in temperature) = (0.04/1.32)x100
= 3% °lt}. ©]+= molar massell oA tha S BEFAL S Z2HA "ok

= (303 g/mol) x (£0.03) = £ 9 g/mole] FHt}.

el S4% g2 AR 294 ~ 312 g/mole] W <ol U= EIAHEE ZHA Ho
cocaine(303.35 g/mol) ¥ codeine(299.36 g/mol) EF7F o] WY Eoj7tEE 9ol A
AES WH cocaine sgEolelbs AE8S A fFHEo|oF g},

(c) (44D Benzene®t} Kigkol & &vjE Ab&et7u, &89 w27t o g (o 100) =

AE AHEES 3o} (0 & sfubul A )

7. (10%)
(@) (3%]) Piot=XaP°a + XgP% = 0.25x20.9 + 0.75 + 45.2 =39.1 torr
(b) (3%)) Yg= Pg/ Pyt =0.75x45.2/39.1 = 0.87
© (473) T2 Ak FARA(HIE)} vFAHEACS2)A ol e A AE(91E) Bt

27157189 daAgol ¥ A7



8.(10%)
(a) (2%4) CH,=CHCHs(g) + 9/205(g) — 3COs(g) + 3H,00)
(b) (6%) CH,=CHCHj3(g) + Ho(g) —  CH3CH,CHjz(g) AH;° = +124 kJ/mol
CH3CH2CH3(g) + 502(g) — 3CO.(g) + 4H,0() AH," = -2220 kJ/mol
Hy(g) + 0.505(g) — H,0W0) AH;® = + 285.8 kJ/mol
uhebA], CH,=CHCHj3(g) + 9/20,(g) —  3COs(g) + 3H,OMol tigh ¥4 9] AH5°
? = AH3° = AH," + AH,° — AH" ] Ao AFy & 4 gt}
AH3° = AH,° + AH,° - AH;° = (+124-2220)-285.8 kJ/mol = -2382 kJ/mol°]t}.
(241) CHy=CHCH3(g) + 9/205(g) —  3COy(g) + 3H,0(D¢] ®Hg-lAl Angas = 3-1-
9/2 = -5/20]t}. Wk AE = AH - AnRT = -2382 kJ/mol - (-5/2)x(2.48 kJ/mol) = -
2376 kJ/molo]tt.

&

9.(10%)
(@) (47%) AV<O0 w=-PAV >0
E=(3/2)NRT  AE = (3/2nRAT =0 (52022 AT=0)
AE =0 =q +w,
g =-w=PAV<0
AH = AH = AE + A (P V) =nc,AT =0
(b) (47)q=0 (F<A), w>0,
AE=q +w =w>0, AH =AE + A(PV) >0
(c) (241)AV=0, w=-PAV=0
W] wkeely Ale] HE 2Ll V|Eel gouna Ao gL iz wEyEgr)
upebA, g <0,
AE=q+w=q<0
AH = AE + A(PV)= AE <0

10.(123)
Ga Cly

ve = 3+ 4x7 + 1= 32

oe = 5x8= 40
be = 40-32 =8, 4 bonds
SN = # of atom + # of lone pairs = 4,
wekA, Tetrahedral (AFHA]) (34])

SbCly~

1. ve =5+ 4x7 +1=34



© N ® O D

oe = 5x8= 40

be = 40-34 =6, only 3 bonds , need expanded octet

needs at least 4 bonds, total, 8 electrons

remaining electrons = 34-8 = 26

assign 24 electrons to terminal atoms to have octet electrons
2 electrons go to center atom

SN = # of atom + # of lone pairs = 4+ 1 =5,

w}2} A, trigonal bipyramidal (3F2H48)

lone pair electrons go to equatoral position:

w2} A, see saw type geometry Al4&E (34)

ShCl,"

1
2
3.
4

® N> o

GaC12+

.ve = b+ 2x7 -1=18

oe = 3x8= 24

be = 24-18 = 6, 3 bonds

remaining electrons = 18-6 = 12

Cl-Sb=Cl

assign 10 electrons to terminal atoms to have octet electrons
2 electrons go to center atom

SN = # of atom + # of lone pairs = 2+ 1=3,

bent structure (37%))

1. ve = 3+ 2x7 -1=16

9.

10.
11.
12.
13.
14.

oe = 3x8= 24

be = 24-16 = 8, 4 bonds

remaining electrons = 16-8 = 8

Cl=Ga=Cl

assign 8 electrons to terminal atoms to have octet electrons

SN = # of atom + # of lone pairs = 2: linear

wtekA, (SbCl,")(Ga Cly ) FElo] shhs

(34)
11.(87)

(@) (47]) w = -PextAV = -2.00(10.00-6.00) =-8.00 Latm = -811 J
AE =q+w=500-811J=-311
(b) (4%) AE = Aefsh=(state function) ©|= 2 7 Z(path)ol]l AHa¢lo]

AE=-311

W= AE —q = -311 +0 =-311 ]
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12.(104)

dne,V = qiqi/r [1/(A+e)-2+ 1/(1-e)] &= Ur

= 2ups/ 1’

13. (103)

AAFE 2 A7 e 2SS JHAE s ok frlAtelth AL For® g A7
= 7FAoF gtk A Ao EA7} &9 pHel A FFS FA &olok @t AAoFe A
Z Aaste g9 EAste °E A d719 9 wtgste Aololof g

Hind + H;0 < H30" + Ind”

pH = pKlInd + log [Ind" ]/[HInd]
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2002. 6. 18.(3})

1. 7H3A ¢l w¢-& s A (103)

A(g) — Blg),

(@) 9 W8olA] Ga° = 8996 J-mol’, Gs° = 11,718 J - mol ' ¥
A% H3¥ A4S ANFAN(E, B = 8314 J-moal - K
(3%)

(b) A(g)7} 1.00 mol, 1.00 atme] 32, B(g)7} 1.00 mol, 1.00 atm
AN F ZAE 4o BEdA He HPAHNAMY
Zk /1A BEEE S A L.(4H)

(c) B84 =939 2 Gibbs free energy change AGE
ANE B3 FIA L. 3F)

2. REe AA W ¥ee EA(Enzyme, E)E |z 3l Ao
dEd, 7 E8A4% AEAAE v$ AN dgeAEL a28d &
49 5847 A94E FHW (mimic) AFH EFwE FE
i ol & getge $&3ela B =¥E Jjgoln gk T
SL oFF FA FHujnrgo] B/ F Aot} ofy AT 7T
3] 23Al Q. (10%)

ki
E+S =— EKES
k-1
ko
ES —— E+P
(a) A9z o2 EAE W2 3t AA W w8 dojx 9 vt

Ag AW, o= FAd) o
£ % (maximum rate)E A H&71? (23F)
(b)) FHA I TLZur-gd gloix

Michaelis—-Menten equations ®&# Xz}, HheF 543

&1 ¥k$-o] Michaelis-Menten constant g o}

Kn(=(c1+ka)/k) = 5x10° mol-L7, ke = 2x10° s7,
agEa, 5§49 2%E7 6x10°MY AS o] ukS9
HAY £E25 TIAML.4F)

(0) E4F =2 A E3A &&= vs &, S—PoA 9 43
X7} 37Cl A (E,, activation energy) = 50.0 kJ - mol™
olgtil &tk AFUE o] gL FAh v EAFAN F
PatE wgEEE 527t 9 A%d usld 250 x 10°
Mg F7189 . Arrhenius A 29l A frequency factor$]

Azkel BAZFv| £A oFd A@gle]l €4AT FAES T
I 7R o), E4AFd g X Y A48 UAE FIHA
2.(43)

L AYE 399 Y 4R 299 e NEX R g
A AE TR T2 7124 ot dHE A FHA

gFsts FAEAY TAA AR a9 gF vigd @ w
+4E B Zo] ved F . g5 59 9ok L.(107)

A # NHgx
AHes A
v o Mg
H H
Lo — Si=Si + H,

Si—Si

@ Si ZHo 47 233 Fo gde] Q9E Si-Si 2gL ¥
ol(m) AFE FAIY 2% AFSE=Shel Fom s
Si-H, H-H, 2 Si-Si(#elddhd d& A% dgdys 474 v
i} Zr}

AH(Si-H) = 340 kJ/mol, AH(H-H) = 430 kJ/mol,
AH(Si(m)-Si(m)) = 75 kJ/mol

(a) 919 & 2 W&o g ws
2.(33)

() 919 @zikso] Ua &5t rate = ~dill/dr = kHI'e 2
vetd 4 . 9714 [HlE £9d s 429 %ot
ol 7] &&Y¢ [HooZHE g3He F49 ¥ AF

EA7E o]83td FA4dH 4 & gtk ojE &= T dA
In[fI] vs. B&FAZHH)E plot FEAY 71 &717F -k HA
o] vgkrh. o] ¥k AF ng TIAL. (3F)

(0) & &g g (43 AUA?)AHeaE Tt
THES AHIAIL.(23)

(&) &A3E(activated complex) &2 o] Ate) (transition
A daEe F2E 284, 2F)

AW (AHwe)E T34l

43

state)

4. & of Wt AHP, $%9 Fol olF®ESt o] Fold o
o B3 " 63)

CaCOs(s) — CaO(s) + COqg)

CaCOs(s) CaO(s) CO2(g)
AHY -1206.9 -635.1 -3935 0:4))]
S° 929 38.2 213.7 J/K)

(a) 1000TC, 171%NA AGE
2. 23)

(b) 1000TNA CO9 £%E& 73t (23)

(¢} 171§8tell A 9] wbgo] niApLAQ] dhgo A A e
Z e 228 Al 237)

R

Fohm, 9 wge FUHAA dat

5. &2 Bolr model® ##dte] thg Efo] H3AlL. (103)
(a) Bohr modelg& o}&3ted B o] &(Z = 5)9) n = 3 A ¢
Az WA EF AUAEIE T-3H.(43R)

@, 1 rydberg = 2.18x10"° J, Bohr radius @ = 0.529

(b) Frank-Hertz 232 Bohrd 94z¢] <ux &9 9
& 7HdE A3ty st AR AEHTE
WA dae] FEAZ F BHstE AAYY AFE

AdE 9t o' AHARE dUEA AF vs
o aHxzg a7 A9sta, old ZAJ Y A=A
BEAS a3 AisiAL.(23)

() AR FEF AR7T A7) A v AR Aol
(transition)& ¥od o HEFHA= He AFFWw)e )
AN FAT = & AF(V)FHe] BAAE FIAL.(2%)

(d) Bohr 2¥% Heisenberg? E8AA da& A&3l4 w3

Al2.23)
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2002. 6. 18.(3})

ELd gshA 2.(10%)
1£ 25 13% 14 155 165 17£ 18
357 Na Mg Al S P S C  Ar
AAEA(A) 186 160 143 117 110 1.04 09 094
ol2glefix] 490 735 580 780 1060 1005 1255 1525
(kJ/mole)
457} K Ca Ga Ge As Se Br Kr
AATA(A) 231 197 122 122 121 117 114 109

(@ F7N&RY Z2FAAE otz g sE 22 F
Zor Z+E dvdor AR wAFe] AAG 1 o
47k AstA L. (23)

() 13%F& E¥ Gad (a)9 @¥r3<Ql
WA Fo] ZHA #FAY I ol
23)

s duaia L.

(0) 3-4%F719] A AAA 3pe] QHLAURENE BT &
o I olfE AHWdr] st AoZRH A u= LA}
AR = 84 (radial electron density : PROE 18 % AR}
E 3} (penetration) 2 =} (shielding) &35 o]-§3te] FgH o

= Zhgs] disiAe. BR)

(d 2L F7AE LE8Fos ZFE 449 o238 JuAEs F

@ 7147 oAAAR ofdx Bed e AH AL
WERGL B4 P=ir (1A b A5elnh)
D Ao 2e A FHAL a&s}h AAAL) WEAUA B
exg gEaa, Aol dEetA Gt 1 ol fE

a3 Awsre. = ( )T Oolth. (3%)
@ 4 Ad =} "F‘?}Q*‘E entropy #3+& T8 2.(3%)

8. Suppose 60.0 g of hydrogen bromide, HBr(g), is heated
reversibly from 300 K to 500 K at a constant volume of
500 L and then allowed to expand isothermally and
reversibly until the original pressure is reached. Using

BRI HolupA Al Bt &MBr(g)) = 291 J-K'-mol', calculate AE, g, w, AH,

and AS for this process. Assume that HBr is an ideal gas
under these conditions. (?7%)

(&, R = 83 ] -mol’ - K, HBr #A% = 80.9 g/mol)

9. Explain the effect of each of the following stresses on the
position of the equilibrium
SOs3(g) = SO2g) + 30:(g)

Aebe Aoz oA ok T Si PRt o]eg Uizt The reactlfm as \.vrltten is endothermic
obzh @A Ul 1 o]$2 Ax WAEE 7#8A A9st| @ The mixture is compressed at constant temperature.(273)

2. 23
7. &9 P-V diagramg B ot Bl ©3HAIL.(147)

PV T

78
AEZ At T34, B ggAAth

(@) 7IAAZL 189 o]d7iAstn & o AE AdA] SFEEEH
T2 dFS TIA(2F)

(b) 71A A7 1978 & 182 o|Fod 7HAHL . HE
DE v #BFHSe &5 T3: ol H& E2717 ¢
2717 &, o)A AA FEtEE entropyd WHEE TEAIL
(34)

(©) °1471A7r &4 BE wetz of $ukE = entropy® WIE

T L. (33)

(b) An inert gas is added to the equilibrium mixture without
changing the volume.(3%)

10. A key step in the formation of sulfuric acid from dissolved
SO in acid precipitation is the oxidation of hydrogen sulfite
ion by hydrogen peroxide :

HSOs (ag) + Ho02(aq) — HSO4 (ag) + H20(£)

The mechanism involves peroxymonosulfurous acid,

SO.00H :
k1

HSOs (ag) + Hz02(agq) ——=——=S0O;00H (aq) + H:0(£)
k1
ko

S0:00H (aq) + H30'(ag) — HSO4 (ag) + Hs0 (ag)

By making a steady-state approximation for the reactive
intermediate concentration, [SO:00H (ag)], express the rate
of formation of HSO4 (@g) in terms of the concentrations of

HSOs (ag), H20:(ag), and H30 (ag)(103)
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IFEAD)
11) Ar'®e Hejzbo] 35°3°, Xe™& 55%4d%p oIt} Sc™ 9} Ce¥, Pre] A9z zAtel AAMAE 22 Ars} Xeg 71E2E2 YehiAlL,
12) 27 A A2 o] F o] He atomolA] self-consistent fieldE =+ WES 71w3s] AP Q.
13) H2 - Br: — 2HBr 9 7 elementary stepE< Ay Ed, &3 Zoh
ki
M+ Brs — 2Br + M

ke
Br - H;, — HBr + H

ks
H + Br — HBr + Br

ks
H + HBr —» Hz + Br

ks
M+ 2Br — Brs - M

a) o] ©AE % inhibition step2?

dBr]l , dH]

b) dt L dt 9] reaction rate equationS 21, steady state approximationg AHE3}e] [HI®F [BrlE 34 L.



1.(a) AG® = G5° -Ga° = 11718-8996 = 2722 ] mol ™
K=exp(-AGYRT)=exp[-2722 ] mol/(8.314 J K mol 1)(298 K)]

=0.333

(b) ¥H&AF Q = 1.00 ©o] HFAF(0333)ETt ZBE oS Y4F 0= o]

T Fol,

A(g) — B(g)
2718 1.00 atm 1.00 atm
HFZ4H 1.00+x 1.00-x

. K = Pg/Pa =102 _ 333  _ 050 atm

(1.00—=x)
Pp =1.00-x = 050 atm
P4 =1.00+x = 1.50 atm
(c) AG=AG®+ RT InQ
-RTInK + RT InQ
RT In(Q/K)

(49714, Q = Ps/Pa=0.5/1.5=0.333, K=0.333, Q/K = 1)

0
2.(a) HeEEE HEIIAS)Y sEA F5TH
=]

ITELEE St
Bg71AY FESb Eaol WstelFR 2 3L
A% Uz AL olu, BgEEI} Ay

[S]1 >>[E] w85 %7F H4.
(b)rate = k[ESl= klEl[SI/([S]+Km)

={(2x10° s (6 x10" mol L HISI} / {[S]+(5 x 10®° mol L™}

[SI>>[El. ¥

= 2x10° sH6E x10 " mol LY =12 x 102 mol Lt st

(c) k = A exp(-EJ/RT)

Keat / Kuncat :[Acat eXp(_Ea,cat/RT)] / [Auncat eXp(_Ea,uncar/RT)]

= eXp[(_Ea,cat +Ea,uncat)/RT]
(_Ea,cat+Ea,uncat) = 1n(kcat / kuncat) RT
Ea,cat = Ea,uncat - 11'1(kcat / kuncat) RT

= (5.00 x 10* J molY) - {In(250x 10 x (8.3145 ] K* mol H(310K)

20166 J mol *

=298 x 10* T mol ' = 29.8 kJ mol *



3(a) AHws =—{AH(Si(m)-Si(m))+AH(H-H)-2AH(Si-H)}
=—{430+75-2x340} = 175 kJ/mol
(b) In[H] = -kt + C

B = dH _ _ dlH _
"l E3FH, [H] ~ kdt pral k[H] ,

w2k, n = 1
() &= HIANA BFsle F49 e SAH% L, 2FE=HTRE T
sk, 2=(1/T)dl sl plot 8tH, L 71&7|7} AHes/R 7} HEZ,
AHgz 78 0.

(d
T St B SR
SR S A S

4.(1) AH® = [(-635.1-393.5)-(-1206.9)] kJ = 178.3 kJ
AS° = [(38.2+213.7)-(92.9)] J/K =159.0 J/K
AG° = AH® -TAS° = 1783 kJ-(1273K)(0.159 kJ/K)
=-24.1 kJ
AG® 7} negative |22 1000°C, 171l A =}dH3 (spontaneous)e] th.

MG . (—UDx10°
(2) logK = - 712303 = = B.31x1973x0.308 -~ 0-989

K = K, = 9.75
Kp =Pcoz 9122 COz8 E-2 975 71¢kolth,
(3)AG° = O =AH° - TAS

_ AH® _ _178.3k  _ o
T = 0 = gy = 1121 K (848 °C)

2 2 2
5.a) = 2 ;;Z’; - 2 g = 2 x05% 4
- 0952 A (n=3, 7= 5)
4 2 _
E-- g4 & —eBx10") %

= 605 x 109 J



(b) 7H&3 %
£ 1Y o] ¥

=

plotel A &4 AteA AF7F FAdE BES 93
AR} AR FE3IY AR F Aol Pt
, Bolm 2 x19] A7} A& A o] ol discrete

[1

0
4 g o

%0,
dlo

d
g,
U
=2
€
>
o i
g2
do wo it 2L

() hv = eV, V =eV/h
(d) BohrZ®& A7t gF9e 4T AxE 1 dvka 7HEsHH.
ol Ax = 0, Ap = 0 °|EE B4 fuH= Zd4.

6(a)
ZeFolYR 24E Fadd
A4
BEFIRLEECE AFE ARG At #ol FUbeh AAE 2L 2
Hlgo] n= {38 A7t 57t
(b)Mgeoll A Ale] FE3A3 7 S7HET Ca®t Garloldl Holg&Hda
AA Bt d-2HEe A-HEA FEA™SIT v Bo] S8t 2 F7]4
A ug Z7] St 9% vXE FUHE st o ZFolA.
() 3sv 3pRt HA}E AHZZ JT core(ls,2s2p)2HES o & T3
sty fFaddsl7l 222 3s ev|EovUAFE9 = 3pdhglxkfdpsjAl BTt
2,
(AP 1s°2s%2p°3s%3p°
S 1522322p63323p4
SadAss Sy PRY 3y 3719 3penigd P:= zhzE dube] Axbrb
e SE @ owlgdE F osje WAl AL o3 Alnh FAAA
ole} whiel wEol A4y omgoA WAES Wojl: Aol HL o7}

]_

aly

ol

H| =8t (2an), A H|E wkx] & o]

1. 1)SQreVA = (nRT1/V)dV
Greva = nRTY In(Vy/Vy)
2) Ts>T)

8Sp = [(8grevn/T)  A714,8Grevn = Cy(T)dT + PidV

3 V2
[ (cm/Tyar + [ (PyTIav

of 714, Cy(T) = %R, PV = nRT

SR [ /TT + R [ 1/VIaV



- % R In(Ts/T)+ R In(V+/Vy)

3 GEAF S =0

4) (a) bt YA =7]E WP 3= parameterol i, o] Fko] Fgolm=
YAtet AAALO1Y AT ™ol EAEA ForE FEL
AALe} YAFALO] 9] interaction potential energy® FEwHS AQslus =
AstA ged A3dgo] e YAEE ol Fol AY total energyx &

PR EEoERA e Foznt 01—1*0174“3( )1 0

(b) ASa = [ (6grea/TY = R [ ( ﬁ)dv = R In{(Vb)/(Vi-b)}

8. Let us designate the reversible isochoric heating process by
subscript(1) and the isothermal reversible expansion by subscrit(2).

_ 60.0g -
n 80.91g mol 1 (0.7415 mol

w;=0 ( process is at constant volume)

cv=er - R =291 -83 = 208 J mol* K™

@i=AE=n cvAT= (0.7415 mol)(20.8 J mol™* K™)(500 -300 K) = 3085 ]
AH; = ncpSAT=(0.7415)(29.1)(500-300)= 4316]

ASi=ney InTy/Ty =(0.7415)(20.8) In(500/300) = 788 J K

AH2 = AE2 = 0 (isothemal process on ideal gas)

At constant volume,

PZ — TZ — SOOK — 1667

P, T, 300K
For an isothermal expansion from P; to Py we have V/V; = PP;. Here the
initial pressure P; is P2 and the final pressure Pr is P;, so that
gz = wz = nRT In(P2/P1)
=(0.7415 mol)(8.315 J mol’ K )(500K) In 1667 = 1575 ]

_ 42 _ 1575] _

AE =AE; +4E2 = 3085 J = 3.08 kJ
qg=q1+ gz =4660 J = 4.66 kJ
w=w; +wz=-1575 ] = -1.58 kJ



AH =AH; + AHy = 4316 J = 4.32 kJ
AS =4S;+4Sy = 11.0 J K

9.(a) If the mixture is compressed at constant T, the equilibrium shifts
left.

(b) If an inert gas is pumped in at constant volume, the total pressure in
contaoner rises, but the partial pressures of the reactants and products

are unchanged; the equilibrium is unaffected.

10.(a)According to the the steady-state approximation,

dl SO, OOH "]
dt

= ki[HSO3 1[H2021-k-1[SO:00H ] - k2[SO:00H] [HsO'] = 0
Solving for the concentration of SO:O0H gives
[SO:00H] = ki[HSOs 1[H20:] / (k-1+ ko[HsO'])

so that the reaction rate is

rate =k2[SO:00H 1 [H30'1 = kiko[HSOs3 1IH2021[H30"1 / (k-1+ ko[H30'])

g 3ks)

11) Sc® [Ar] 3d' 4s’
Ce®  [Xe] 6s° 4f 5d
Pr®  [Xe] 6s° 4f°

12) Vi) = f s (r2) (1/r12)ro)drz

H%r) = - %VJZ - 2/r)+ Vi¥(r)

— Hr)e(r) = e6(r1)
guess o(r)) — Vi) — orp — AEL g(m)EEH V()<
A4,

13)

-ABr - [ Br[Fo] +ka HI[Bra] + kI HBr ]+ 2k [Bral[M]-2ks[ Br M= 0

AHL ~ jo[BrI[H,]-ks[HI[Br:]- k. [HIHBr] = 0



THozRY, [Br] = (ki/ks)/*[Br]"?

[H] = kaky/ks)”[Hol[Brs]"?
{ko[Bro]+k [ HBrl}



