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Experiment 6
pK, and K, of
Acetic Acid

27 February 2020

Umm... Why is there
a large fish in this
presentation.
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Overview:

il - ‘m w

Objective: To determine the pK, and K, of
acetic acid (ethanoic acid).

Today in lab we will actually
determine a K, value for a weak
acid. Amazing.

interpolate data in orde
to estimate a value
between two other

i e e G e i values.

Introduction and Overview
Collect data
Making the titration graphs .
Interpolation for equivalence point and for pK_ =,
Procedure: What we do today :
Your lab report
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We have been learning about ¥ R i
ide i TE
weak acids in lecture these days. \
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2. Collect data
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i Launch Excel and record ——=—IVolume(mL)l  pH  Enter the data as *
, ) 2 0.00 257 i ; :
i the data directly into 3 0.72 2 8 It 5 obtained. T{v/s
your Excel spreadsheet. | 4 1.01 _ Is sorta th tit
2 D> There is no need to copy | 5 1.41 3.1. should look like...
2 the data into your lab 6 1.78 3.26
notebook, but you must 4 2.05 3.32
_ , Uty 8 2.31 3.38
i print the Excel data as 9 2.68 3.48
37 part of your lab report. 10 3.01 3.60
11 3.31 3.67
SRmesrIsTTecrILtmesris e arepreny 12 3.61 3.75
; i 13 3.99 3.87
14 4.29 3.92
This is different 15 5.00 4.02
from what the lab =0 >-32 4.03
omw 17 569 4.07
.~ manual says. We
will have to note
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2. Collect data
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Making the titration graphs
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3. Making the titration graphs

wHs 5
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We can make
measuring the
i equivalence point
5 easier by taking the
first derivative.
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So... in Cell C3, enter the
formula as shown. Note
the cells typed in are
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titration graphs

3. Making the
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3. Making the titration graphs

Next we will calculate the
second derivative. See how
., . .. . i =

it is similar to how we did the s

first derivative?

Expt 6 Data.xlsx

SEH®S « B O -5 % @&E

f Home [ Layout ] Tables [ Charts ] SmartArt [ Formulas [ Data I Th en dO th e
: Font — AlignmentE ? Numb Copy_and_paste
: V Bogy | == ‘ib:;) Wrap Text ¥ ‘General th/ngy l/ke e
Bl 1.9\ 0d . E5I25 ([ weroe - BN iy for the first
IF @ © (- fx| =(C5-C3)/(A5-A3) O
A B o] 8 derivative data.
Volume (mL) pH 1st deriv 2nd deriv
Notice we still 0.00 2.57
divide by AVol 0.72 2.83 0.396
1.01 2.97 0.420 =(C5-C3)/(A5-A3)
1.41 3.12 0.377
1.78 3.26 0.313
p 2.05 3.32 0.226
i 231 3.38 0.254
SRR ) AR S S R S R S R S i



Making the titration graphs

3
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3. Making the titration graphs

it i R s . YT P Ty
17 g ' ol P oy

e P ED b
Tl rta ik sty

“Chart Window $ Help

¥ The first graph will

[* Workbook2 cleids

S EOHE XL B B o 3t % @08 e e look like this. If it

: [ A Home \ Layout J Tables J Charts > uunm Format ‘ SmartArt [ Formulas ‘ Data I Review l

Edit Font Alignment Number F /7 k h l
TH TR — rp— 1 & doesn’t, ask for help!
e Joear~ B I U PP = 35 (L jwee - % > |(G8[ ) onions

Chart 1 10 QO IXI =SERIES(Sheet1!$BS1,Sheet1!SAS2:5A$55,5heet1!SBS2:5BS55,1)
P A B (i o[ Tt oot v o ]
1 Volume (mL) pH 1st deriv 2ndderiv. =
2 0.00 2.57 12.00
3 0.72 2.83 0.396
4 1.01 2.97 0.420 -0.028 PP e
5 141 3.12 0.377 -0.140 10.00 *
6 178 3.26 0.313 -0.235 ¢
7 2.05 332 0.226 -0.110
8 231 3.38 0.254 0.139 8.00
9 2.68 3.48 0314 0.068 .
10, 301 3.60 0.302 -0.102 .
3.31 3.67 0.250 0012 F 6.00 -
3.61 3.75 0.294 0.000 oo™
3.99 3.87 0.250 0214 oo’
14 429 3.92 0.149 -0.142 4.00 /‘w“
15 5.00 4.02 0.107 -0.074 s
= 16 | 5.32 4.03 0.072 0.028 +
on 17 5.69 4.07 T T 2.00
0.00 T T T T
s AT 0.00 5.00 10.00  15.00  20.00
AT Vol OH- added

e 4O N e
hoah e £0F

This is your basic, garden
variety titration curve...
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3. Making the titration graphs

The first derivative graph will
look like this. We start by

Forat V Tools

Edit View V Insert

B EOE8 X bR oo -0 T @ad Y highlighting Cells from

) | A Ht:::llo \ Layout } Tables IF:::ns > Chart Layout | FormatNigln"::anAn I For. Columns A and C. Then piCk
:_ = iil Fill- ~ v A .) wrap Text * : |Ge.
Eﬁe ()Clearv (I B| 1| U | ‘m_\ : ; 3 Merge S Scat-ter graph.

Chart 1 A < v le =SERIES(Sheet1!$BS1,Sheet1!SAS2:5A$55,Sheet1!SC$2:5CS55,1)

A B — — J—
Volume (mL) pH 1st deriv = 2nd deriv

0.00 2.57 5.000
0.72 2.83 0.396
1.01 2.97 0.420 -0.028 4.000
141 3.12 0.377 -0.140 T
1.78 3.26 0.313 0235 ‘@ 3.000 -
2.05 3.32 0.226 -0.110 g
2.31 3.38 0.254 0.139

0 '
2.68 3.48 0.314 0.068 © 2000
3.01 3.60 0.302 -0.102
3.31 3.67 0.250 -0.012 1000 |
3.61 3.75 0.294 0.000

NM

3.99 3.87 0.250 -0.214 0.000
4.29 0.149 -0.142
5.32 BAFEEES

See if you can figure out the
second derivative graph — hint:
Use stuff from Columns A and D.



3. Making the titration graphs

This is how graphs
should look for
submitting with lab
report. Adjust the
font size and cell
size so that we can
read all of your
data, preferably on

one page.
If you need to
e use a second

page, that’s fine.

130 ] D @ (- &

_J A B e e G e Do | S— [ [— - J—
1 |Volume (mL) pH 1stderiv. = 2nd deriv |

2 | o000 2.57 1200 7 s
3| om 2.83 0.396 10.00 1 :

4 | 10 2.97 0.420 -0.028 L 007 :

5 141 3.12 0.377 0.140 a 6.00 /

6 | 178 3.26 0.313 -0.235 400

7 | 205 3.32 0.226 -0.110 200

8 231 3.38 0.254 0.139 0.00

9 2.68 3.48 0.314 0.068 0.00 5.00 10.0015.00 20.00 25.00

3,01 3.60 0.302 -0.102 Vol OH- added

11 31 3.67 0.250 -0.012
12 | 361 3.75 0.294 0.000 5.000
13| 399 3.87 0.250 -0.214 4000 ’
14 | 429 3.92 0.143 0.142 . ‘

15 | 5.00 4.02 0.107 -0.074 S

16 | 532 4.03 0.072 0.028 8 2.000 ;

17 5.69 4.07 0.126 0.051 1,000 e

18 | 659 4.19 0.137 0.007 0,000 1 ot N

19 ‘ 6.93 4.24 0.134 0.011 ‘ 0.00 5.00 10.0015.0020.0025.00
20| 714 4.30 0.146 0.004 Vol hydroxide added
21 | 789 4.38 0.130 0.028
22 | 84 4.43 0.118 0021 |
23 8.99 4.51 0.153 0.024 | 80007
24 | 939 4.58 0.141 -0.035 | 6.000 - -
25| 998 4.65 0.118 0012 | 4000 -

6 1049 4.71 0.128 0027 |, o .

7| 1084 4.76 0.141 0013 | .

3| 114 4.84 0.140 0.016 0.000 T wposomomenmte’— pove

9| 1191 491 0.158 0017 | -2000%00 500 1000 15.00 20.00 25.00
0




4, Interpolation for equivalence point and for pK,
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e,

= b
=\ S50 this is the 2”" derivative plot 2,000 s
" tor
and data. We want to know 4
" 6.000 ¢ i
where the positive values go to i
negative values — that is the  4.000 i
@ ot
equivalence point. 2.000 3
T T T R e T T S P P e T AR frrH e T U ) * :'2'
‘é:‘.ﬁ:::.ﬁ;;ﬁ:d’ﬁ:ﬁ::n;‘;ﬁ ey _:;.*3::::.&:;;” cf . i
Fa bt e SRR 0.000 TWAeet w0t ternote e A
B | C | D | E =0
507 0.172 0.057 _2.0000.00 5.00 10.00 15.00 *20.00 25.0 e
5.17 0.213 0.034 ::?
5.23 0.197 -0.040 -4.000 .0 ‘3 ]
5.31 0.185 0.114 ’{;&
5.38 0.290 0.404 -6.000 i3
5.51 0.464 0.180 : 5
5.70 0.414 0.060 See how the second e
>-80 0.505 0.547 o I’'m guessing this 1
616 0.912 1349 derivative data goes from isgwhere a/ )
40 6.63 1.733 6.198 large and positive to large )
- 41 16.69 7.20 4,631 2.974 d tive? S h mterpolate...
= v  17.07 9.64 3.667 4.351 ang negatives >omewnere
43 = 17.53 10.28 0.976 -3.875 in between these two
£44 1791 10.46 0.412 -1.005 | 16.69 mlL and
£45 1827 10.56 0293  -0.336 POIEES, Seblel (s (el
£46 1849 10.63 0.217 -0.184 7.07 mL, the 2" derivative
47 .
48 . goes through zero — the

T

equivalence point!
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4. nterpolatlon for equiva lence point and for pKa
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See how you are closer to 4.2 miles than to
2.5 miles? You’ve covered 9.7 minutes out \

of 13.4 minutes in this segment of 1.7
That’s 0.724 or 72.4% of the 1.7
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4. Interpolation for equivalence point and for pK,
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So 72.4% of the 1.7 miles is 1.23 miles
and we add that to the 2.5 miles the ' °®
segment started with —that 3.73 |
miles after 30 minutes. See? Sure...
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4. Interpolation for equivalence point and for pK,
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Sweet!

30.0 — 20.3)
(33.7 - 20.3)
(9.7)
(13.4)

=2.5 x (4.2 — 2.5)

=2.5

X (1.7) = 3.73 miles
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Volume (mL) pH

eI

v +2.974 -1 0.0

37 15.18 5.70 0.414 0.060
38 15.51 5.80 0.505 0.547
£i39 16.09 6.16 0.912 1.349 .

40 16.42 6.63 1.733 6.198  .°
16.69 7.20 4.631 2974 °
17.07 9.64 3.667 -4.351 .

17.53 10.28 0.976 -3.8 0.6
17.91 10.46 0.412 -1 i 7.325
18.21 10.56 0.293 -0
e - 0; (~ IR o N - SN & b AU

The 219 derivative goes /

from +2.974 to -4.351
(crossing through zero, but
closer to +2.974).
Specifically, it is 0.406 of
the distance between the
two values.
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4. Interpolation for equivalence point and for pK,
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equivalence point is 0.406 of the
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4. Interpolation for equivalence point and for pK,

: ' The second interpolation is to
_5_;&;;3::;: S *w find pK,. As we shall see in
A S lecture next week... the pK,, =
pH at half-way to equivalence
point (half of 16.84 mL)
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int and for pK

Interpolation for equivalence po
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(aq) K, =

HA(aq) + H,0(l) «= H,0*(aq) + A

=4.43 has
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Step 4. You can record the
volume and pH data pairs
directly into Excel without
copying it into your lab
notebook.

Today we follow the
procedure as described in
the lab manual starting
on page 39 except for...

Then come back for the
Analysis part and
follow along starting
on Slide 6.

Interpolating is
S0000...
exhausting.




5. Procedure: What we do today
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Wear your safety glasses. Dress for a mess. for today...
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Take time writing an introduction in your own words before lab.
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Record observations and details as carefully as possible. Show all
of your calculations involving interpolation.
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Work in pairs. Do one titration and if it looks good, you’re done
collecting data.
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Use this presentation (or internet) to understand interpolation.
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Put thought into writing your conclusion.



6. Your Lab Report

First, the cover page with TA initials.

Next, the trimmed copy pages from your lab
notebook.

Attach graphs and data today. Staple all together.
Reports without graphs will not be graded.

@ On-line results due at the end of class today. Late

submissions are not graded — see the syllabus.

tomorrow. Late labs may not be graded — see the
syllabus.

Stick people inspired by xkcd
cartoons by Randall Munroe

Chem Lab with the Stick People and Bird was created and produced by
(www.xkcd.com)

Dr. Bruce Mattson, Creighton Chemistry. Enjoy it and share it if vou wish.




