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10




T GEOAEAEICHRT EE
S(RY) Y26 04000°

A —B
T 0@& QdIAl _ dIBl]
dt dt

s(BY) V@6 04000°
A+ B— C+ D

T o@=a-@Al _-dBl _ dic] _ dD]

11



N\

i1 00a6A6aAaYVABOUPGAGAD A
SEBY) Ya604a000°
aA —— DB
| o @ bAAl _ 1dE]
a dt b dt
:€:1Y, Yaed OaoOOe
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A) I (ag) + OCI (ag) - CI (ag) + Ol (ag)

~S

A) 302 (g) B 203 (g)

A 4NH,(g)+50,(g)- 4NO(g) + 6H,0(g)
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Br,(aq) + HCOOH(aq)

> 2Br-(aq) +2H*(aq) + CO,(g)

A E L R Y IR A [BroJfinai T [Bralinitial -D[Bﬂ
| GEGEREA HEBEE0 = _
tinal = linitial Dt
TSRO B TV T TS GiEes - L
500 | 10,0101 ‘s om 18 DX
LY LY _3 28"_:[@_
100.0 '0.008467_ 5 704 1p -[0.01d1.01PM
150.0 0.007101 5 on 18 — —~
200.0 0.005061 5'2% -0
— 1. N oo .
%8838 8:882%> 1.60x 19 = 3.8010Ms .
350.0 0003531~ 134x 1 |
400.0 0.00296 T~ 1.14x 1® .



(Br,y] (M)

Br, (aq) + HCOOH (aq) —2Br (aq) + 2H" (aq) + CO, (g)

0.0120

0.0100

0.00800

Rate at 2()Q S:

0.00600
slope of
0.00400 tangent ‘
slope of ‘
N
0.00200 tangent slope of
0 100 200 tar}goent 0

1(s)

T GHESAOT (instantaneous ﬁate)a UainaoOA-6]
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Rate (r)
) r = k[Br,]
5.00 x 105 |-
4.00 x 10 |- [BrZ]
3.00 x 10 |- k —RSAF )
Al EUE
2.00 x 105 |-
1.00 x 105 |-
| | | | L
0 0.00200 0.00600 0.0100 0.0140 [Br,]
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x= 2 (U b caAGaEREaR E

y= 1 (U b dalln EaEREE0D
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—_ 550 10°M /s
(0.100M)?(0.100M)
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O0 eSEEE-AOCEO Ue O1 61T o UOO U

2NO(g) +O,(9) - 2NO,(9)

Aoy L
POEARRED K EeG(EY) (mol/L) T@x‘}ea"' QJ
NO o, (moHis?)

1 1.30x102 1.10x102 3.21x103
2 1.30x102 2.20x102 6.40x103
3 2.60x102 1.10x102 12.8x103
4 1.30x102 3.30x10 9.60x103
5 3.90x10 1.10x102 28.8x103
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O 0 e5(@pudig) + 0,(g)- 2NO,(g)

T 0 Sk [BHmy
1 61 oane—leUanl e-0ET 004

A a2 r, _6.40210° molQ &1_2

N 3.21310° molQ '@
i 671 004 orAaVATNY RI-DEAT EA

?:,
E
i
ﬁ—,‘a

I, _ o _ (:30310°mold )" (2.20° 10° mol@ )"

"1 (1-303-16~=metd+)*(1.10% 10° molQ. )’
2=2" \ y=1
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r_5 ~288310° mol '™
r, 128310° molL '™

313 = -1y X -3 a !
r_5:2_25:(3.90 10° molQ )" E163-16—~mold—=)*

=2.25

ry (2.60° 10°® mol(L )" (103 16-> - motd1y
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| GROARZEON AEAGHA e E(HDCHD LE)

r = K [N
k=
~ "TINorIo,)

o 3.213 10°M /s
(1.30% 10 2M)?(1.10% 10 2M)

=1.733 10°M*s™*
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O 0 é6 HAGHO & ObEeAA B DBEEEBAT Q08 C

NO,(g) + CO(g) - NO(g) +CO,(9)

Experiment Initial Rate(mol/L*s) Initial [NOZ] (mol/L) Initial [CO] (mol/L)

1 0.0050 0.10 0.10
2 0.080 0.40 0.10
3 0.0050 0.10 0.20

rate = KINO,X[CO}Y

K E 2GR EB1IA s8R E- 1 6017 0 UDGA
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r,  0080mol@'@&* _(0.40 mol@ *)*(0-26-moich )Y

r,  0.0050mol@*@&*  (0.10 mol@ !)*(0.10-motdr?)’
a 0.080 g _a0. 4()

20.00502 20.1% 6=(4) \ x=2

yUCUUDvoHW@c

r, 0.0050molQ '@ " (0.10-metd)*(0.20 mol@. )

s —
rr 0.0050molQ*@&* (0.10 metd—)*(0.10 mol@ ™)’
a0.0050p _ a2 R -
Boosee Gie 1=@F\y=0
WECLBEBEAG ODEUEIALA O

rate = k [NO,]*[CQO]° = k [NO,]? 30
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rate = k [NO,J?

k=__"
[NO,]°
,,I\N I\,..N 5. Ié

. _ 0.0050M/s

=~(0.10 M)? =0.05 M’s™
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R =A6AME=8.314 KmO)
T=1 i 486aUEOTK)

36



EeraAoaloa

k = Ae” Fa/RT
Ink:InA-E
|nk:§e%%‘%g+lm
] !

y = m X + b Ink
A N

/T

37






AN \NINI N\ N

00 eMEEG-AOUED 6 A 6 &IBGKEWRIOE ¢ a

_2HI(g) - H5(9)+15(9)
X0 0.54.06 L méfl:lQSO(KA el O
11ﬂ63Lmr% ZBOKE Ei B A

i @aE 6 Aé aA o@ﬁ%ﬁe&@@éﬁﬁc‘é()&i
& B O 486552 =50KA adf=60(K

~

~

o ~3 _ ~ é
|nﬁ:8‘e5°aT1 ng Ea:_Rme%Tsz §
1 ¢ Rl = k1 ¢T1-To =

3, 1.10310°Lmol ‘s * G&(500K )(600K) §
¢ 9.51310°Lmol”s™ x¢*(500- 600K @

ANSWEH=1.746J mdl=176&J mbl

=-(8.314IJmol'K™)
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3.461Fs 1 @RO8 A EBOR 6 E i

E, =502 kJOnol'*  k,=3.46310°s" k,="?
T, =298 K T, =350 K
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Energy-level diagram for a reaction

eoaexoUnﬂa 11 EO U

E

a (reverse)
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The effect of temperature on the distribution of collision energies

Fraction of collisions, f

Ea

Greater fraction
at To with enough

|
|
|
|
|
|
|
I energy to react

Collision energy
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contact

catalyst

46



Ea(fwd)
no catalyst

TRANSITION
STATES

= a(rev)

[ no catalyst

with catalyst

Catalyzed

REACTANTS

PRODUCTS




0.0 & 115 Gt BB b

2H,0,(aq) ——> 2H,0(l) + O,(9)
AE- QoeyBa,-EUDPOGAGAGASG Agi

(Bry(g)+ H,0,(aq) —— 2Br(aq) + 2H'(aq) + O,(0)

2Br-(aq) + H,0,(aq) + 2H*(aq) —  Br,(g)+ 2H,0(1)

R &l DL
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1. \fald 1 M HCI 25 cm’ aaluﬁuﬂuwﬁuﬁﬂﬂ aznfautzasuanlasanled maddvuulasds
laazliivhlsasvosd §AStniSuduiRndu

1y 14 1 M HCI 100 cm”

2) 1% 2 M HCI 25 cm”

3) 1 2 M HCI 50 cm”

4) vadudulfiduninzidoe
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2. lunsinmaanmuiadjitonswisiuduiinniiunenunia HCI Ailanududu 0.1

3

3 |a A a 4d o a v @ 3 a
mol/dm” U3u1ak 20 cm ﬂﬂqﬁ%‘lﬁﬂ&]ﬂﬂ'ﬂ Taswanuuturasniadu 1.0 molidm” ludSuas

u

9/ =)

LLazgmwgﬁmﬂLﬁu “ﬂ'ammslﬂgﬂﬂaawq@
%2 a ana dl 1 =y % 6 QI t§’
1) 8@NMINAUHNILININ WANRANUVILNNUT
s F=Y aan ndl. F=Y Qs 6 =N
2) 8AIMINAUHNTLIAIN LATHAANUNAILAN
(-9 =y aan r::l g P Qo 6 g
3) 8aNTNAUNNTUNNNDY WASHAANUNUINTY 1

Qs a aan t:\l é} 1 a Qs a
4) a@ﬂﬂ’]iLﬂ@ﬂQﬂ‘iﬂl’lLWN"D% LL@Nﬂ@ﬂmsﬁﬂ\‘]L@N

o4
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3. flednwUfASn 2A(g) + B(g) = C(g) + 2D(g) 71 25 °C ldnaminanasatuaasluang

aaluit

[A], mol/dm” [B], mol/dm" 5@3N13LAAE1S C (molidm’s)
0.010 0.010 120 x 10"
0.020 0.010 2.40 x 10
0.030 0.010 3.60 X 10
0.030 0.020 144 x 10

saTMIAaTad D azidwrinlaile [A] = 0.040 mol/dm’ was [B] = 0.025 mol/dm’

1) 3x10 - mol/dm’s  2) 6x10 - mol/dm’s ~ 3) 9x10 - molidm’s ~ 4) 12x10 - mol/dm’s
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4. U7n3

6y

eNMSEANEe1289 N,O luaniznd TARDIUB LA inalneait
Cly(g) —> 2Cl(9)
N2O(g) + Cl(g) —> Nx(g) + CIO(g)
2CIO(g) —> Cly(g) + O2(9)
Fusidifsen(aza s ud fiseinetola

1) Cla(9) 2) Cl(9) 3) ClO(g) 4) O2(9)
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5. ﬂﬁﬁ‘%mizijmmﬁﬂﬂq’uaaﬂﬁ‘ﬁmulummmﬂuﬂﬁﬁ%mmﬂmm%’au msidasuudadludale
] t-g/ o Qs a aan Qs 1 QI J

o lU%h mimlﬁa@mmim@ﬂgmmmﬂmal,‘w&l'zm

1) Lﬁmm@agmﬂmaammﬁﬂ

2) AARAFIUVBILAF Llasiandanizaandianluainia

3) AR IANL

4) Wasnluvinlunauaine

60



61



6. lalulasiawwunanloaduasudelasafinlaids (N0, INOSI(s) hilelkanusaui 32 °C |

QU (2% & 1 (2% gJ =Y
1 atm 2 l@uAs N,O; F9azaauaa dudAgEINa1aU0s bblasiauknaan kiakazaangian

AIRUNNT
[NO,] [NO3] (s) —> N;Os
2N,05(g) — 4NOy(g) + O,(9)

oy aa‘gﬂl@ He

1) aanIna NO, = 4 vinredaainnisiia O,
2) 2aINIAA NO, = 2 1¥iN2898a3NN1IFaN8a2289 N,Og
3) 2aNIAA O, = 1/4 LYNV89aaINNITNG NO,

4) aNMINA O, = 2 L¥NVIaaTINNIRAN8AIVaY NoOs
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7. ﬂ‘a"W\lLLﬁ(ﬂ\‘iﬂ”l'a‘l,‘ﬂ58%LLﬂﬂﬂW§dﬂ’]Wﬂﬂﬁﬂﬁﬁ%ﬂﬂ A(g) + B(g) = C(s) + D(g)

Qs

TANHUAINIINA BRI

WRIH (kJ/mol)
A

N ATBIHOM. ...

a Y, o
Hannmen C(s) + D(9)

3 K Grrogpessrssrmsersssmsesssansisse
4159981 A(Q) + B(g)

mysiinldvasd s

WRISWN NN HE LLazwﬁ'\muﬁ@w%a Ay davinle

1) WaIWHaNUATUE = 12 kJ/mol Uaz QANAINYK = 7 kJ/mol
2) WasIURDNUNUA = 12 kd/mol LAz QAWAINY = 4 kJ/mol
3) WRINUABNUNUG = 15 kd/mol Laz AANWRII = 4 kJ/mol

4) WRINWABNNNUA = 12 kd/mol LAz AENWEIINS = 4 kJ/mol
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=] Q a ano =% é/ Qs Qs
8. #MIVUNNILN 2H,05(aq) —> 2H,0(l) + O4(g) Safetuluszuuda sanIEaLaIVD 9

Qs = (2 i =Y g} i Qs
H,0, (AAANNUIVGTNVEIMND O, NLNATW) LﬂﬁﬂuvLﬂ@IWaJL'JQW@wagﬂl@

1) 2)
UFunm O, UFanm O,
BFR BER
3) 4)
Um0, Usumw O,
LR BFR
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1. Tumsvuffsesewindavedangduaznsnlalnsaaein dolafilulataeliiiseniiinlmsdu
n) U@é’mzﬁlﬁamﬁmL{‘]umﬁauﬁwﬂﬁﬁ‘%m
¥) Winawduduvesnsalelnsaassn
A) Nﬂﬂﬂ’]ﬁﬂlﬂﬂ'ﬁ@lﬁiﬂ‘iﬂa@‘iﬂ AeuulUlYy
3) W u@m‘mﬂm
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2. NUHAIET 2NH; —> N, + 3H, 71 300 °C NUIMANUETLTUTDT NH; 8983270 0.0150 mol/L
G 0.0020 mol/L Tunan 100 3wt sesinisiin N, axdanduvinlaluniag mol L's”
M) 13x10° ) 2.6 X 10 A)4.3x10° 9 65x10°
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