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Objectives: To determine the order of a reaction and determine
the rate law and rate constant.
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We will figure that and
more! We’ll also figure
out the rate constant
using a single time-
concentration study!

verview: ,
Ry It’s selfie day in lab! [EEEEy
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inetics and reaction order ... seifie of you

ollecting the data and your lab
partner to Dr M for

sing Excel the lab website.
rocedure: What we will do today
our lab report
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1. Kinetics and reaction order

The formula for
blue food coloring
is complicated
enough that we
refer to it as Blue.

Here we have a cup of blue food coloring
undergoing the reaction. Each cup
represents a certain period of time

o BIue(aq) + OCl(aq) =2 Colorless(aq + CI (aq) A
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S teah The Blue is &5}! ion is th? act7ve =t
o o iefood [ orsiedientim Y
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1. Kinetics and reaction orde

ety
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plenty of hypochlorite throughout the course i izspmrsss
of the reaction, so our focus is on the kinetics ‘
of the reaction in terms of Blue. St
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1. Kinetics and reaction order

e

1.60E-05

We’ll make 1.40E-05
S5 charts like this — 120e-05 * ) |
~ three in all. On \ v - 1.00E-05 —
' the x-axis we 2 8.00E-06 — :
will always plot 6.00E-06 s
4.00E-06 -
2.00E-06 -
0.00E+00

——— The three charts are:
[Blue] vs time,
In[Blue] vs time, and
1/[Blue] vs time to test for
zero, first, and second

order, respectively.
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1. Kinetics and reaction order

Here is how
things might look
if the reaction
were zero order —
concentration vs.
time is linear!

1.20E-05
1.00E-05
8.00E-06
6.00E-06
4.00E-06
2.00E-06
0.00E+00

Concentration, mol/L

rate = k[Blue]©
= -kt + [Blue],

Info for
Introduction

A e sdlln okt




1. Kinetics and reaction order

ey < - < - < -
| L L =

e And here is how the™; s 0 0 100 150 200
f _~"graph might look if % -11.10 -
i the reaction were @ 1120 4
g first order. Excel ' Teo,
% puts the x-axis | : 5-11.30 te, .
g labels on top if y %-11.40 ‘e, .
& values are negative. &g y
AT e iy .‘ '11-50 g
. A . & ’; ' * ¢
- -11.60 !
: -11.70

The rate law and

~egs

R s 3 ¥ 3 ¥ g
S J‘:za'x’,d::‘va’:za'x’,dwﬂaﬁrx’,#r

the time  —— I Again thesiope
concentration | | equals —k
expression for a first rate = k [ Blu E] 1
order reaction... 0 .
In[Blue], = -kt + In[Blue] B a

Info for y =Mmx+ b
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1. Kinetics and reaction order

4.000E+05

3.500E405

Second order
reactions give
charts like this

3.000E+05

2.500E405

2.000E+05

1.500E+05

1.000E+05

5.000€+04

0.000€+400

This time the
slope equals +k

e = k[Blue]?
1/[Blue], = kt + 1/[Blue],

Info for
Introduction




2. Collecting the data

We’ll also need the
molar absorptivity
from last week’s
experiment



3. Using Excel: Transferring data from LoggerPro

PEOE® X E & ©-0 24 % @& & ok @

A Home I Layout ] Tables l Charts l SmartArt I Formulas [ Data l Review I

' Kinetics data for dry lab.xls

Edit

Font Alignment Number Format

ﬁ . @ Fn - |verdana [z[10 [-](Ax[Ac E\E‘ = [&5] (abe~ | 50 wrap Text -~ [General MERE o :
— : e =T : =5 o) |:
paste (A Cleary || B | I | U] |ii~| \&1'AA_D§\—=1§1::”G§1$—E\ Merge U@m % > H%&&Sugggggmzl Bad d
c25 1100 @ (= &
] A [ B | 5 | D [ E [ F [ G [ H [ 1 [ Tl I K I L
1 time (s) Absorbance . .
2 9 0.888 We will work up the data in
3 .
4 20 0.680 Excel, so launch Excel. Then
5 30 0.595 . . o
6 40 0.521 highlight and copy the time and
50 0.455
L 60 0.399 Absorbance data from LoggerPro
e — 0342 and paste it into Excel using
11 90 0.267 1
T 0 54 Paste Special, then use Values or
13 110 0.204 | 1
e 0.204 Text, depending on the dialog
15 130 0.157 box that comes up.
16 140 0.137
17 150 0.120
18 160 0.105
19 170 0.092
20 180 0.080
100 0,070 It should look
22 200 0.061 like this

10



3. Using Excel

o

)
N
LS

Charts

Tables

Layout

Writing a formula

\ P

SmartArt

Font

1 ll&'-\

| O 9D

fx| =B2/91000|

s

[Blue]

1 B
time (s) Absorbance

A = eb[Blue]

0 0.888 |=B2/91000

b=1cm

10 0.777
20 0.680
30 0.595
40 0.521
50 0.455

- e v P 50w it e e % =
.,,3..»-4,,,1 e Y ,,3..»-4,,,1

=0 oty N % = ov
e Y ,,3..»-4.,,1‘1:

o

In this example, € is
91000. Our value will
be different — we’ll use
what we got last week.
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[Blue] = A/e

In Cell C2, we enter the
formula for [Blue] preceded by
an equals sign — that’s how

Excel knows it’s a formula.

P s | ¥
e v~J v v-v ~ h.

Pl e bty Aokl e ety oy pad t e e g ted Tl e ety o b e
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Copy and paste formulas

ing Excel:

3. Us
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3. Using Excel: Making a scatter chart

o N T ?&%};&%%@mﬁ ERETROTEREATE
~ Nowweare ° D H® XD & 0 G SR P
d \iﬂ.! e Layout Tables | Charts | i ; Then pICk b ."" #ngﬁ"“ :*? A
reaady to test jor % Font Cas
/ d J PR - Vercers e I+ |El= - Marked Scatter i
Zero oraer... S A =8 7 T
AN BLLIUSMAN E=H from the Chart
Q@ & C : fx| [Blue]
B, AR A B I c menu, and
_“;ﬁgm ny greascnaisogets B time (s) Absorbance| [Blue]
B AT 0 0.888  9.758t-06 | - then...
%rﬁ, .m,,:‘u Ser ﬂ@fﬂ# =\ 10 0.777 8.538E-06 | | M 09 Hl = & O- &
ot 4 20 0.680 7.473E-06 B
W - |
‘We highlight data to & | \ 30 0.595  6538E-06 [ o oo | fweut | dmes | chane SEN
lot... To do this & Yo 0.5 '
P ’ < 50 0.455  soooeos | - Mo @ S \J Q-
h/ghllght Ce//S Al _A22 60 0.399 4.385E-06 Column Line Pie Bar Area SCatter Otner Line
in this example. Use 70 0.349 3.835E-06 ¢ : B
80 0.305 3.3526-06 f| 4= Scatter
Command (on Mac) to | 90 0.267  293e06 | MO (s) Ao (1
. . _ ‘ ¥ ; . 0- - 4~§\ \'.
highlight Cells C1 | y 1(1)8 g.ggj iiﬁﬁgg o 10 0l |-°s. [/~ 1/
C22 NOte COlumn B IS A; ' i 4 20 0. Marked Scatter Smooth Smooth Lined
- 14 120 0.179 1.967E-06 § =
: 30 0.! Marked Scatter Scatter
. not hlghllghted T W57 172506 |5 0 ol
R : \ 1.5056-06 |~ 1] | o
Tabian s 50 0.« o)
i Remember we are 19806 § ¢, 0. T s
i : : 1E-06 ! i ight Li
plotting timeand | - 70 0.1iihad Scattel 3L Sttar
. | 10 80 .
concentration to test for -7 |~ g 0267 | 2534E 00
zero order. 07 § P10 100 0.234  2.571E-06 13
3E-07 § I 11n n 2na 2 247F-0A




. Using Excel: Test for zero order

W'
i Bt
[ ot ML
A A e e

L = 7o

...our chart
appears!
Almost like

your left, my right, it passes the
test for zero order...

*

e T e R 20808 PSS AL
e ey o gkl ey v Aot -l - T 1l ey g Ao e ol
D0 154 rh Vo B b0 5 e 0+ b i Vo B Y A 1 g5t ) =00 15 b M B0 10 A= 1) 1 b V4 84,
W O AN el et g O AN el = e y ANl g e O AN el gl e

2% 5
LIy

1.20E-05
.00E-05

> 2o
s

1.00E-05 s
8.00E-06 gy S 500E-06
6.00E-06 | B 6.00E-06
4.00E-06
2.00E-06
0.00E+00

4.00E-06
2.00E-06
0.00E+00
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3. Using Excel: Adding chart titles, legend

- ———

2]
o

el A A A A e G A
®

SH= LD = @a You can click on Chart Layout &
A Home 1 Layout 1 Tables J Charts / Chart Layout | Format Sm’ . . .
Current Selection Labels AN — and ple AXIS Tltle tO add

— ) (ol - |0l et el - ol ~ § labels for the x- and y-axes.
Zz| Format Selectlon  GHe  fies legend (G5 T Aws O Then add a legend (a title to
Chart 1 10 ® fx | .
— . your chart.) Maybe something

A [ B 1 C l

time (s) Absorbance  [Blue] about zero order? Just thinkin
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0 0.888 9.758E-06
10 0.777 8.538E-06 out loud here...
20 0.680 7.473E-06
30 0.595 6.538E-06
40 0.521 5.725E-06 [Blue]
50 0.455 5.000E-06 1.200€-05
60 0.399 4.385E-06 1.0006.05 ¢
70 0.349 3.835E-06 2000606 1 ®
3.352E-06 3
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We can also make the data points look like we want. ¥ §
Select the points by clicking on one of them and then do #
Format Selection. See previous and next slides.
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3. Using Excel: Custom fitting the Iayout

- A

i Now we can make our he

graph a bit prettier.
Check out the charts
below. They are the
same except for
cosmetic differences.

Click on Series1 and hit

delete. It serves no
purpose with only one

> wa

‘Q.Uq- < Sl A oL < - ' < - ph

R 1, 1

~ The data along both axes % ?
are not optimally

displayed. Select the labels
on the x-axis (double click) ~ The scale along the y-

and select Scale. Adjust axis is also less than
the scale for the best use of ideal. Change it to

the space — change the Minimum = 5.00E-06
Maximum from 250 to 200. i and Maximum =

set of data... P Poof it’s bet'ter el 1 S0E.5
oy i ey ) . ket e
20805 ' 1.80E-05
N 1.60E-05 4,
0003 1.40E-05 .
%o 'S 1.20E-05
1.50E-05 $*e,, ¥
) O0E-05 .....'. ® Series1 W, = 1.00€-05
- "o, &4 8.00E-06
‘e
5.00E-06 . oee
PO0E0 4.00E-06

0 50 100 150 200 250

time (s)




3. Using Excel: Test for first order

Next, we test for first
order. In Cell D2, enter
=In(C2)

Copy Cell D2 and paste
it into D3-D22. Then
make a chart like we
did for zero order.

I E] SR Al MR D R
& Home | Layout | Tables ‘ Charts l SmartArt ‘ Formu
Edit Font

“T—j . [ Fn v [caiori(Boay)  [+[16 |+| As A~

D2 10 ® fx| =LN(C2)

A [ B [ C [ : I E

time (s) Absorbance [Blue] In Bdlue
0 0.888 9.758¢-06 | -11.537|

10 0.777 8.538E-06

' 4 20 0.680 7.473E-06

| 5 30 0.595 6.538E-06

6 40 0.521 5.725E-06
7

5.000E-06

1.40E-05
§ 1.20E-05

1.40€E-05
.20E-05

8.00E-06
6.00E-06
4.00E-06
2.00E-06
0.00E+00

In[Blue]

", Butifitlooks all

1.60E-05 ¢ |

50 100 150 200
time (s)

*, curvy, itisn’t.
*



3. Using Excel:

Test for second order

g‘ i .ggw;»»
Tt Next, we test for
; second order. In
B Cell E2, enter
...and what
i =1/(C2) ® ® ‘ha ens next?
i !
| Copy Cell E2 and ° ® PP
15 paste it into E3-E22. g
;s’x Then make a ° @
& chart... @ L . ;
i Il N O & Z25
- A Home . Layout Tables Charts SmartArt . Formulas
[ _.Insert Chart Insert Sparklines Data Chart 0u1ckL
| - 1¥3 © h . . -l
s A - sy '#ig s
: ® @ All Line Column Win/Loss Select Switch Plot
: | LN L Q9 fx =1/C2|
5 _] A B C D 3
gehs Once we know 1 | time (s) Absorbance[ [Blue] : In[Blue]
ppes 2 0 0.888 9.758E-06 -11.537[=1/C2
: the order, we s 10 0.777  8.538E-06 11671
; know the rate 4 20 0.680 7.473E-06 -11.804
e 5 30 0.595 6.538E-06 -11.938
SRR constant and the 6| 40 0.521 5.725E-06 -12.071
) : p) 7 50 0.455 5.000E-06 -12.206
; rate law. ng ht: 8 60 0.399 4.385E-06 -12.337 T
AR K 70 0.349 3.835E-06 -12.471 18
ERRRE L B e g e e T e e e T o e T T o o e T g o T




4. Procedure: What we will do today
. I o

——

Your version of Excel
will probably look
different, so you may
have to search a bit for
the various options.

Today we follow the
procedure as described in
the lab manual starting
on page 18.

=

Then come back for the
Analysis part and
follow along starting
on Slide 10.

2

| search for seeds
all the time.

Sometimes it’s no

S0 easy.

$0

)

20



4. Procedure: What we will do today

s R R R R R
g ZrAs ;»’3“’ R
Y28 Arrange your data and charts - Your Excel Zerc ‘772: ;ier
| so they have this general \ data should
shape and can be printed on be presented
one page. It may take a little hher e —all of First order
fiddling... You can make this the data -5 chart
, columns and
arrangement in Excel or by o
, 25 rows.
taking screen shots and . Second
pasting into a Word order chart

document : ':5

REHEREE,
B, ‘ : wp

The rate constant, k, comes from ?’ Eye on the prize! What is

the slope of the straight-line plot
and is always positive.

figures, but trendline uses data

Absorbance data had 3 significant %}

from them as a set, so it is possible &i:
to report four sig figs.

the rate law?
rate = k[Blue]°

rate = k[Blue]’

rate = k[Blue]?

"o 1 5PN

.'!ﬁ;i s

Ly

Ly

-

R




4. Procedure: What we will do today

Taaa g
:: EERIESES ‘:s*
A

et v‘::‘. et v J v.n»

1= — j.q‘éﬂ.'t‘ Save your Excel spreadsheet for hf}%\%

i ' ' i
‘.,J f‘l‘ your laptop during the quiz. 1 layout as in the
by o Data that will be used in the examples. A question
‘égw & & quiz are provided at the Chm might be: “What

s 8 ) e %vﬁg 206 website so you can prepare & formylq is entered in z

s T WA ey H H " &
f.;- i etins  the worksheet prior to the quiz. f,%:. Cell D15?” 3
iﬁ“;é.mr g 'f;ﬁ.sw% . mé»;:....aa N
. W £
‘#:3, o ,;3. fitte \F.x SR St gw ey T 13 T 13 : %@;ﬂ{ > .Jg‘*:’: g.x ~:
e B ol e dednnlait ., R
é:%:%“é:&h%i :gg'f- %‘3‘ &L +Hirh ey [t & g
%ﬁx@#"“ @"‘aﬁ"«g?;é You’ll be entering data into a Google |
4 “éi form. Exponential numbers are \
" entered as in this example: 8.00 x 10°
Only this one would be entered as — note
way will work! there are no spaces!

\ ,é. |
‘&\ :



4. Procedure: What we will do today

e € v
EREERLST Wearing your safety glasses is necessary due to the bleach. A 3
Also, dress for a mess. i

+7

:;-
Fi3aE
Y3 3

325

g ig’?*i
i;i;i 2%
bEs S

§ %591
et 2%

}3 ST e
Ay 23U

3 'Ei

gre
35
3

Take time writing an introduction in your own words before
lab. Include Objective from Slide 2 and equations from Slides
3 —8. Also mention how the slope gives us k for each order.

e

gre
Vi
¥

§2344

3 2%
E{E‘g :
ATy 33

i
3 ?éh

Each pair of students performs Parts A - D of the procedure as
per lab manual.

i{::

{l’f
133
55

5 13

: §£ $§
i
AR A -

{l
e
&

TV IR

Record observations and details as carefully as possible. Show
your calculations with formulas, units, and significant figures!

e

A

Analysis is done using Excel. For the purposes of next week’s
quiz, use the format given here rather than in the Lab Manual.

'

ARG

=

©@ © ® ©

Determine order, rate constant (from slope of trendline) and
half-life as part of your lab report. Determine the rate

Sl

EER constant from the slope of the line. Calculate half life — watch

Bt s

i the sig figs.
SR, @ Submit on-line data before you leave toda «?2"%‘?
-: .-3‘ - . < o
EE;: r R(i;ﬁ’fé‘}- mm;rxrmm;rxrmm;rxrmm;wzrm)'::ﬂimmrmrxﬂmmrxxgm;rzrmmsrzrmmsrxrﬁ&ﬁﬁ



5. Your lab report

PN AT A A T AT A A T A
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'
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(1) First, the cover page with TA initials.
(2) Next, the trimmed copy pages from your lab
A
notebook.
(3) On-line results due at the end of class today.
Remember the required format for exponentials:

graded — see the syllabus. ' =

(4) Attachments: Your Excel data and three graphs
(preferably all on one page). Staple entire report ‘
together.

@ Turn in lab report before the start of class t

SRS :‘, Late labs may not be graded — see the syl

Stick people inspired by xkcd
cartoons by Randall Munroe
(www.xkcd.com)




