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SEBRRETIOIESE (1)

BhEWL BEE
BITIEEEEAE L2R

IEEmER1S
LR TR - A 4
L1 =S4 (257)

a) Pk :
CH¢+2'DE —_—P CDE+2HQD
b) “ekk
ECEHE'FT'DE e 4C02+EH20
TREFPUECSRE (407)
AH® = [2 - (-241.8) - 3935 - (-T4.6)] kJ mol = -802.5 kJ mol
AS=[2-(188.8) + 2138 -186.3-2-205.2] Jmol" K" = -5.3 J mol K’
AG=-8025kJmol" = 29815 K - (-5.3 Jmol KT = -800.9 kJ mol
Fri5k
AH"=-8025kJmol’  AS"=-53 Jmol'K AG"= -800.9 kJ mol”
AHY=[6- (-241.8)-4 - 393.5- 2 - {-84.0)] kJ mol” = -2856.8 kJ mol”
AS"=[6-188.8 + 42138 -2229.2-7-205.2] J mol" K" =+93.2 J mol” K™
AGY=-2856 8 kJmol " - 29815 K- (93.2 Jmol'K")  =-2884.6 kJ mol”
org

AH" = -2856 8k mol"  AS%=+93.2 ) mol’ K AG"=-2884 6 kJ mol™

12a) 1304 2 NSRS NP VR S BRpVE 2 ]l (T 93)
(M=8.2 57 )

m =p-V=0740gL"-1000L=740g (157)

May = 2 x(i)M(i) =0.0024 - 4401 g mol” + 0.0134 - 28.02 g mol”
+0.9732 - 16.05 g mol+ 0.011 - 30.08 g mol™
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1.2b)

1.3

=16.43 g mol”
Nt = m (My)" =740 g - (16.43 g/mol)" = 45.04 mol

o) = x(iy- e M{CHyg) = x(CHs) - nyy = 0.9732 - 45.04 mol = 43.83 mal
n(CaHg) = x(CzHg) - nge = 0.0110 - 45.04 mol = 0435 mol

@%jtﬁ@ﬁ@éﬁﬂ% (253
Eecrrb.leED':gj}

3 alia He(i) = 43.83 mol - (-802.5 kJ mol') +

0.495 mol - 0.5 - (-2856.8 kJ mol™)
-35881 kJ

Ecomb. (HzO{g)) = -35881 kJ

PUC A 22
Eruc{H20(g)) =9.981 kWh m™- 1 m®- 3600 kJ (kWh)" = 35932 kJ

deviation AE = (Eqoms (H20(g)) - Evuc{H:0(g)) 100% - [Ecues (H20(g))]”
= (35881 kJ - 35932 kJ) - 100% - {35881 kJ}'1 =-0.14%

ﬁ‘a’“’éa‘["ﬂ%é =-0.14%

PUPETRCE S (453)

7&1@?@% o Viater =225 m°

Muster = Visater Puater (Muzser) =225 m* - 107 g m™ - (18.02 g mol ™'}
=1.249-10° mol

Erater = Myaater Cp- AT = 1.249-10° mol - 75.30 JK ' mal™- 14 K = 1316 MJ

Ewater = 1316 MJ

F PRI

B Elfjﬁg%ﬁ :

Vir= 15m-8m-3m+05-18m-8m-2m=480m°

na  =pV-(RTY"=1.01310°Pa - 480 m*- (8.314 J (K mol)" - 283.15 K}
= 2.065-10% mal
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14

1.5

Cplair) =0.21-29.4J (Kmol)" +0.79-29.1 J (K molj’ = 29.16 J (K moly’
Ear =N Colair) - AT = 2.06510* mel - 29.17 J (Kmol)™ - 20 K = 12.05 MJ

Esir=12.05MJ

R FWARRCR  (25))
g R A
Arcee=3m-46m+8m-2m+(2my+(dm”)"?-2-15m=288.16m"

“:Egi%@ :

\)

"

Ner =1 (s Km)"
el % A B pushll GRR d=02m)

1

J= Eoss (A A" = Ay - AT - d

Eiose = 28816 m” - (12-60-60 5) - 1J (s Km) " - 25 K- (0.2 m)™ = 1556 MJ

Eloss = 1556 MJ

HEERE L (357)

TR
Eiet = Eveater + Eair + Eigss = 1316 MJ + 12 MJ + 1556 MJ = 2884 MJ
2884 M Af1HiHS
2.88410°k) - (3600s h"-9981 kJs ' m?- 09" =89.18 m*

SEMIH V=8018m
2884 MJ AEHEYYE

040€m™- 8918 m° = 3567 €
Pl

150.00 €
Ei S|

= 18567 € (0.5)

2884 MI A1 -
2.884-10%kJ - 0.137€- (3600s h ™1 kJs'h)y' =109.75 €
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e
100.00 €
Bt
= 209.75€ (1)
AT 1 24 (100%) 0 TS5 161 (67.1%) 0 FYAFS) IR

60

50

[0,10] | (10,20] | (20,30] | (30,40] (40,50] | [50,60] | (60,70] | (70,80] | (80,90] ‘(90,100]‘

Hep A S

2.1

2.2

MEY D (353)

2C0 + 0O, —s 20C0;
2ZNO + 2CO0 —s N2 + 2C0;
2 CQH“; + 25 02 — 16 GO‘Q + 18 Hzo

R PERORRE  (33)
CE R M

AT A f‘@f“‘%‘“[ﬁﬂ[] I T (B E ™ B F I(three-way catalytic

converter) » — &t {“HREEHR & ™ F/—‘f}* g Sl O [ []
A> 1o KSR - SRR FA%H:J@;,@ H ] ]
<0.975 » E& (*¥ (nitrogen oxides) T bhFEEIRL [] ] []
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230 AP (151)
5= 0.85kPa~"-0.65kPa
1+0.85-0.65

g=03560r356"%

23b)  ISAPIEREI D (25))

K-p &g
8 = - = Py - - 8- = =
& =K p = Kp=8+8-Kp = p-(K-8-Kl=¢ = P K_o. K
(173)
g=015

23c) sy R (orders of decomposition) ¢ (357 )
I'EE%FEE{’JH VojEES TR 1 (1.55))

TP 53 e 0 (15 5))

plow =p <= ?I:u r=k-K-p reaction order 1.

phigh =p=> %:} r=H reaction arder 0.

23d) ;‘?EJFE% Vu.maxgﬁi f[’-}d K * Vu.max : <4 7} >

1 1 Vs max 1 p p .
— = —+1 = = = 2
g Kop V. T K Vs Vamar VL S
7| = (slope) *

1 -3 _ 3 ,

=1.9ecm = Vimax =053 cm (1)

IIIIIIIﬂ.l'.l?‘-:'n"l."
E i (intercept)
_ 1  -610°Pacm? = K-Vomax = 1.7-10% Pa’em® (1)
K 'I"'"ra:ma:
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2.4 ’C’T;%E@K“‘J*E?U (T
];I]E'EIE lﬁ:@}%ﬁt[}
r=ks-8gq, (2)

The law of mass action %}~ ’E%ﬁ%ﬁjﬂﬁﬂ 57— HER
1

ke I 1
fco; =1 beo Oy @ = =k le, 8L ()
4 y
F'1 Langmuir 3 EH
Koo
Beo = co "Pco and
1+ Keo, - Peo, + Koo - Peo + Ko, - Po,
Ko, -Po
8o, = s S (1.5)
* 1+ Ko, - Poo, + Koo - Peo + Ko, - Po,
K (Ko, -Po, 2
. . _ >
r=k, by co Pco o, "Pao, ! . (0.5)

I[{_ i
"1+ Keo, - Poo, +Keo Poo + Ko, Po, |2

FANEEREST 23 (100%) » TS GT 1 14.0 (61.0%) » AT

[0,10] (10,20] (20,30] (30,40] (40,50] [50,60] (60,70] (70,80] (80,90] ‘(90,100]‘

Heg ey o
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B3 H e B
3.1 [PEERES T (377)

(a) CaCl +Ca — 2 CaCl
(b) 2CaCls + Hs ——  2CaCl+ 2HCl

(c) 4CaClz +C —— 4 CaCl+ CCly

3.2 (273)
g2l & gkt Ca
S c"ﬁgﬁé} : CaCl

$A. 1 Ca ™ CaCl2 1) SRR 4 =8 = sl CaCl o

3.3 @k (Empirical formula) @ (4 57 )
100 % —(m/m% Ca + m/m% CI) = m/im% X
100 % —{52.36% + 46.32%) = 1.32% X ()

mol% of Ca = 52.36 m/m% / M{Ca)
= 52.36 mim% / 40.08 g mol”
=1.31 mol% (10.5)

mol% of Cl = 46.32 mim% / M (CI)
= 46.32 m/im% / 35.45 g mol”’
= 1.31 mol% (0.5)

mol% of X =1.32 % X/ M (H)
=1.32%X/1.01 gmol’
= 1.31 mol% (1)

mCa) - n(Cl:nH)=1:1:1
Prf&=" CaCIH

HT 1 CaCL¥R B0 S il CaCl > P T CaCIH = I &30l 1 L Syt S i
R S I X N SRR 5 A PR | B Y ) BT CaCIH S CaCl-

3.4a) ﬁ*ﬁ Co(291)

c=c=cC H—C= C— CHs
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3.4b) PR (2707)
CasCsClL

A ?ﬁ: n(Ca) n(Ch=15:1 (AR =32 FEH CaCl 2Ca = Caale”?ﬁrﬁLFﬁ:
) f gER Ca Hlﬂlgﬁ%plcg SEE VIR > Il CasCCLEEV iy -

350 CaCliffg: (153)
r(Ca*)/r(CI) = 120 pm/167 pm = 0.719

NaCl CsCL 7nS BN SR

[ [ [ ] [

3.5b)  I'] Born-Harber cycle I L['AfH (CaCL) :  (577)

AH
Ca*y, + Clg » CaCl,
— = 4
ST &
8" T
=) o
=3
2 g &
B g T
[i%]
= % r:T,]
5 =
=y o
=
Ca, Clg) - =4
-, - a"
w ]
c T -]
Z o o
: | @ ;
5 8
3 B
2 g
& 2
=B =
Cagy2  14Cl,2

AEFF Born-Harber-cycle [V E |~ iH &

AHT(CaCl) = AquHY(Ca) + A1 gH(Ca) + % AgesH(Cl) + AzaH(CI) + AH(CaC)
(1593  +5897  +120 -3490  -751.9) kJ mol”
1) (0.5) (1) (0.5) (1)

-231.9 kdmol” (1)

AH"(CacCl)
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3.6 (EFRREZ LIPS BUFUY (disproportionation) ¢ (2 53 )

2 CaCl —— CaCl.+Ca
AH = AH(CaCly) - 2 AH(CaCl) = -796.0 kd mol ™ + 463.8 k mol' = 3322 kJ mol™ (1)

L R i B 2P PR SRR
O O O M)

RSS20 (100%) 0 T ISH ST 0 14.4(68.6%) 0 AT T

0 T T T T T T T T T T
[0,10] (10,20] (20,30] (30,40] (40,50] [50,60] (60,70] (70,80] (80,90] (90,100]

fa,é,\—ﬁA,\LL —

WG A R R
41 XPORE S AR R (75))

1) X +2H  —— XHa (1)
2) 2X + 3Hy  — XoHe (1)
1) 5.0 g = [n4(X) + nz(X)] - M(X)
I 5628 g = ny(XHe) - [M(X) + 4-1.01 g mol] + na(XaHs) - [2M(X) + 6-1.01 g mol]
Ity n1(XH4) = 2ria(XzHe) (2)

1) = T) 2n4(X)- M(X)=5.0g

WL = 1) ng(X) - [2M(X)+ 7.07 g mol | = 5628 g

-59 -
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FIry = V) (5.00)- [2MX)]" = (5.628 g) - [2M(X) + 7.07 g mol | (1)
M(X)=3.535gmol" - (5628 g)" [(5.0 g)"-(5.628 g} T
M(X) = 28.14 g mol”

X O MX) = 28.14 g mol X 7 % FTHE ¢ Si
(1)
Ry P il
H o H
H \ >
'li - Si‘x A
v’” . H Si
gh H AN

42 Y PURLEIEE T AVHIRRZ (empirical formula of Argyrodite) (9 53 )
AG.YeSosaszs + bHa —> 05aAgsS + bYS + bH.S
) 10g = n(AgsYsSusasas) - [a-107.87 g mol" + b-M(Y) + (0.5a+2-6)}32.07 gmol] (3)

: . 102 m?
n(Hg = 2Y(H2) ~_ 100kPa-0.295-102m

1y nfHz) = -
: RT (Fa 8.314JK "mol™" - 400K
n(Hz) = 8.871-10° mol (AgsYbSosas26) = b - 8.871-107 mol (1)
. -1 4
i  11.88= % a-107.87 gmol™ = 11.88-b-M(Y) (1)
11y =I1') b-10 g-(B.871-10° mol)'= a -107.87 g mol™ + b-M(Y) + (0.5-a + 2b)-32.07 g mal”

b-1127 gmol™ = a-107.87 gmol” + b-M(Y) + (0.5-a + 2b)-32.07 g mol”’

ILIF=1V)  b-1127 g mol = 11.88-b-M(Y) + b-M(Y) + (0.5-a + 2b)-32.07 g mol"

b-1127 g mol™" = 11.88-b-M(Y) + b-M(Y) + (05 =285 M{¥) , 54132 07 g mol”
107 .87gmol~
M(Y) = 72.57 g mal (2)
YO R MY)=72.57 g mol )
M(Y)=72.57 g mol" = Il ab =81 (1)
Y RS R Ge BT pvErkE" - AgGeSs
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2004 % 36 & Bl AL S AR T 35 55 B 4 HA R i 3p A2

43 C-HEo ) file (153)

o 1 3M(G)-M(H)
MEA) = Rreev (S 5 S556) r amH)

1 3-12.01-1.01

. J1—1
5022 10%mol 3-1201=4.1010°

=[27-3-10" em-s"-3030 em '

k(C-H) = 49194 Nm™
ZHE e (153)
A H(Z-H)
AL H(C -H)
=491.94 N m™450.2 kJ mol"-[438.4 kJ mol' "]

H(Z-H) = k{C-H)

k(Z-H) =50518Nm™
ZRVESTE S REREYE (257)

3M(Z)-M(H)  _  k(Z-H)-Ng

IM(Z)+AM(H) [27-¢c-v(Z-H)]?

ra '_:. _ 2
mz <A (RreTZ-HE
3| K(Z-H)-Ny M{H) |
i 10 2 o=
wz <4 [[2310%° 20384517 1\

3 | 505180-6.022-107  1.01)
ZEVRT R MZ)=7268 gmol
Z 7R YR Ge
RS ¢ 20 (100%) » LIS 5T 1 104 (518%) » Aya T I

40+
35
30
"25.
320
1&\157
10

(0,10 (20,30 ' (40,50] | (60,70] ' (80,90]

|AF AL S
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EHALD ALY s g
51 RESORTEFBAG  (257)

SlADP*W(1 moll"ye(HPO2 W1 moll")
AG™+ RTIn (0.5)
clATP* {1 mall")
30500 J mol™ + 8.314 J mol"K™ - 298.15 K - In (0.00025 - 0.00165 / 0.00225) (1)
-30.5 kJ mal™ = 21.3 kJ mol”

-51.8 kJ mol (0.5)

AGT

5.0 et (Z)E N @T‘ﬁ BrK o [FUEPE 6-BH%] (glucose 6-phosphate) =2[#E/AH] (glucose) ViR H=
flt (353)

AG"  =-RTnK’ (0.5)
K’ = g RT (0.5)
= g-12800 Jimol | (8.314 Jijmal K) - 208.15 K)
=0.0038 (0.5)
c(glucose 6-phosphate)/(1 mol L)
K = . __ " : (0.5)

clglucose)(1 mol L)y ¢{HPC,Z )1 mol L1

(glucose B-phosphate)

= K’ ¢(HPOS )-{1 mol L") (D.5)
{glucose)

=0.0038-0.00165
=63- 10" (0.5)
K’ = 0.0038 cl{glucose 6-phosphate) A
=63-107

clglucose)
(£ 1.5) (£ 1.5)

53 PESOIAC FK o (IR CRETIEMARIORE R (4)

AG®(3) = AG* (1) + AG"(2) (0.5)
=-305 kJ mol™ + 13.8 kJ mol™
= -16.7 kJ mol (0.5)
AG™  =-RTink’ (0.5)
K’ = g G"RT
— E._1ET'I]IZI Nl 1 (8314 Jimol K) - 28815 K) I:D.E::I
=843 (0.5)
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c(glucose 6-phosphate) c{ADP)

K= (0.5)
c{glucose ) c(ATP*)
lucose G-phosphate) 4=
clg phosphate)  _ .. cr,ﬂ.TF'a_,l (05)
ciglucose) c({ADP=")
= 843 -2.25 mmol L™/ 0.25 mmol L
= 7587 (0.5)
AG® =-16.7 kJ mol” (Z1) K'=843 (Z15) cl{glucose G-phosphate] _ 7587 (T 1.5)
c(glucose)
54a) BT ATP Elf@'iiﬁﬁi (Mass of ATP) (2 57 )
HLH (7 ATP IOFEEL 2 8000 K day + 0.5=4000 K] day 0.5)
(1 ATP JUFERI Tt £ 52K mol
ATP &l (Amount of ATP) : 4000 kJ day /52 kJ mol = 76.9 mol day 0.5)
ATP fUSfliihl (Mass of ATP) * 769 mol day 503 g mol = 38700 g day = 38.7 ke day (1)
Mo = 38.7 ke day
S4b) B ATPPUEIE! (Mass of ATP) (153)
TR D day = 1440 min 1 min= 1440 day 0.5)
S ATP JUETE 2 387 ke day /(1440 day) - 1min=269 ¢ 0.5)

Mooty = 26.9 g

s40)  HERF IR
BT PR VETE (entropy)
PP O-H 8822 2 S [0 C=0 SR - JFE
(8155 ATP O F| 4

SIS - TR (2)

O O OO

-63 -



HEHXFAF F258H FERBAALF=F+=A

552) pH=77 i1 mUsRIEERRIOTTS A2 (25))
V =4/3 nr
=437 (0.5-10%m)®
=52-10"m? =52-10ML {0.5)
¢ =107 mol L™ {0.5)
n=V-c-Na (0.5)
=5210"L - 107 mol L - 6.022-10% mol" = 31 {0.5)
n=31
55b) e PEET H- R Y (257)
ATP 535 8! -
-15 23 -1
n(ATP) = MIATP)-Na _ 02:10 g-ﬁ.022-11[] mol™ _ 53q400 (1)
M(ATP) 503 g mol”
- AR HYREE
(H perce) = N(ATP) -3 = 718300 (0.5)
- AR HARAE
n(H i) = n{H per e}l 1000 =T18 (0.5)
n(H' i) = 718
RS 18 (100%) » IS 5T 11.8(65.7%), R5AFi 5 i :
60
50
40
1
® 30
|
#r 20
10
0 / T T T T T T T T T T
[0,10] (10,20] (20,30] (30,40] (40,50] [50,60] (60,70] (70,80] (80,90] (90,100]

|AF AL S
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