Announcements— Lecture VIl - Tuesday, Feb 13t

1. Exam1: Saturday, February 24, ISB 155/160 (General Chemistry Labs)
Session |: 1:00-2:55, Last Name, A-J
Session Il: 3:00-4:55, Last Name, K-Z

2. Quiz2; Placein basket.

3. iClicker: FHH :f”,lE Pick any letter a-e
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14.2 Expressing the Rate of a Reaction
Instantaneous and Initial Rates

Instantaneous rate for A =2 B at t = 2 seconds Intial rate for A=2B
/ 1‘ '
= 08 Overage = Oveoge
E E / (B]
5 0.6 [B] c 06 Slope = 0.82 M/s
= Slope = 0.13 M/s =
Ega £ 04
8 (A . A
(§ 0.2 ./SIOPE = —0.065 M/s é 0.2 S]CIPE = —0.41 M/s
. ““m\_______ 3 \
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time (seconds) Time (seconds)

dulidd roles ame whese Yhe pole of Jomalicon
and the Roe of Dissopecramee 15 fine.

Shus Ts is oun fegion of choice
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14.3 Rate Laws
Concentration and Reaction Rate

At shodd come as No sunphise el the Rofe of Joaralion or Dissopeonamee is dinectly
pﬂofoﬂ\‘lim&' fo te concemlnolion,

oA + 58 = cC +4D

dn¥idd Reachion ok = RIAY[8)°
x: 15 fefenned to as the order pith respect 1o A.

: 15 Refened fo os the onder W pespect o 8.
x+33= is the ovenold order of the Reation,
R: 1S the note constaumi.

Note : x ond yage mot necessamly equal 1o o omd .
x ond y com onfy fe defennined expeninentolly.

Note : Ous discussion will unitiolly De confmed Yo orders: 0,1 and &.
Jor A: Zepoonder :  Rade = RIAY

kst onder :  Role = RIAY
Second ORdeR Rale = RCAD?

Slide - 45



14.3 Rate Laws

Determining Rate Law Using the Method of Initial Rates

NO +0,=NO, + 0,
a) Whatis the rate law?

b) Whatis the rate constant?

T, = R l'.ﬂﬁf T.O:]?
0.521 = R (0.139)%(0.0436)°

Bxea. o, = hDNO);[0)]
.03 = R(0.439)"(0.0812)°

Exe |

Ralea . 105 _ & (0.39)" (0.0872)*
Role, 0521 R (0.29)* (0.0%36)°
149 = 24
y = |

Exp [NO]_,
0.139
0.1329
0.278
0.278

Exe ).

Exp 3

Exe |

M [O05],, M [nitial Rate, Ms™1

0.0436 0.527
0.0872 1.05
0.0436 1.05
0.0872 2.11

0.521 = Rk (0.139)*(0.0436)°

Roles = BTN, (023
1,05 = R (0.218)* (0.0436)°

- Rlox 8)* (0.0436)*

R (0.139)* (0.0436)4

1,05

.51

(a9 = 2* : x=\
Rate = RINOILOs)

0.521 = R (0.139) (0.0u43¢)
R+ 869 M's
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14.3 Rate Laws
Determining Rate Law Using the Method of Initial Rates

= Exp [ICI]Qr M [H]]q; M Initial Rate, Ms™!
. — 1 0.209 0.114 7.07e-32
© 21CI+H,=1,+2 HCl
0.618 0.114 1.41e-2
0.309 0.228 2.83e-2
0.618 0.228 5.65e-2

= WM

a) Whatis the overall order of
the reaction 3.

Paeviously we did Ths The ng NOY s tie e wd do it the shoaY pey
Rok = RUICT)*[Ha)®

Bep 183 [100] is hedd constomt whife fpreq - CHad is hdd constomt whle
[Hal imcreases iy o facton of 2. (100 wncreoses By o factos of 3.
2.83%107 _ buixot
7.07%10°3 .00 1.07%10°% ~ 19
2t =y 2% =2
y 3 x =1
Ovenoll ondes: 241373
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144 Concentration Changes over Time

Integrated Rate Laws
Integrated Rate Laws for Reactions of Type A — Products | t: J(.EHE
Reaction Order Rate Law Integrated Rate Law
Zero order rate=k[A? = k - [Al; = [Alg — Kt [hlo !'“h‘? conteniaalion 0?
First order ¥ rate - K In [[:]]; = —kt A @ tie = 0
S [At: Comentrolion of A
?econd order rate = K[AJ® (A, [Al kt @ tive =t 0:
A = Produch b .
[ (Mm)amm = -h Jat
- OUA) . v o “e
At SnCAle - SaCAY, = -ht
dlAl _ . 40 8 is vy smold, A _
m RA) A B, kt
(%m)dtm = -kt
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144 Concentration Changes over Time
Integrated Rate Laws

‘" The decomposition of nitrous oxide
N,0(g) =N(g) + 72 05(9)
is second order in N,O with a rate constant of 1.20x10= M-1s1,
If the initial concentration of N,Ois1.79 M, the concentration of N,O will
be 0.187 M after how many seconds. ~?7,000s

5

L A
(Ale = (AL ¥ ht N R I -3
01 - 119 T l.20%0 "
[A)e * 109M
[Ade : ©0.181M 5,348 = 0.55%7 + 1.20%07¢
R« L2010 Ns
£ = ? 1.20%10¢ = 5.348 - 0.5587
. 47893
t= T.iﬁrl;': = 3%%s
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144 Concentration Changes over Time
Graphical Determination of Reaction Order

Determining the Rate Equation: Graphical Method | Description |

The rate law for reactions involving a single time, min [A], mol/L  time, min [A], mol/L
reactant can be determined using the 0 0.7245 & 0.4046
graphical method. This method involves 1 0.6605 6 0.3406
constructing a series of plots of 2 0.5965 7 0.2766
concentration vs. time data and analyzing o 0.5325 8 0.2126
the plots to extract the reaction order and the , 4 0.4686 .
rate constant. 1 « [A] vs. Time
0 In[A] vs. Time
The general reaction used for this tutor is: See Closs el SiR. 5 1/[A] vs. Time
oh e | = ) Least Squares
The concentration vs. time data at right were R LSy
collected by running the reaction at a ~ Plot
constant temperature. These are data taken Time

for a single trial of the reaction.

Rate = [A]
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