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Experiment 7
pK, and K, of Phosphoric Acid
5 March 2020

Today we investigate
the secret lives of the s
polyprotic acids.




Objective: To determine the pK, and K,
values for phosphoric acid.
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This week’s experiment is a T
/laboratory practical: You will use 557 |

the skills you learned last week to You can use the same

perform the assigned objective spreadsheet as you
with minimal introduction. did last week.
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Make the three graphs Day” in Lab. Send
. . icture to Dr.

Interpolate for equivalence points your pic

P g P Mattson.
Inte rpOIate for pKa Values You must be wearing your safety glasses
Procedure: What we do today

and performing the actual experiment.
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1. Collect your titration data directly in Excel

Ooo! They added
colors and formatted

Use the same formulas for
f J the numbers!

— derivatives as last week.

Better yet, use a copy of the & NN Y W C D
Volume 1st 2nd
sp readsh EEtf rom last 1 | NaOH (mL) pH derivative derivative
week, complete with the 2 0.00 1.86
formulas! . 3 0.51 1.87 0.0295
; 4 1.02 1.89 0.0393 0.0097
5 1.53 1.91 0.0393 0.0097
6 2.03 1.93 0.0492 0.0193
7 2.54 1.96 0.0590  0.0097
: 3.05 1.99 0.0590  0.0000
S - - / 9 3.56 2.02 0.0590 0.0097
| You can record the 10 4.07 2.05 0.0688  0.0178
11 4.58 2.09 0.0771 0.0193
volume and pH data 12 5.11 2.13 0.0885  0.0223
pairs directly in Excel - 13 5.59 2.18 0.1003  0.0290
instead of Step 4 of the 14 6.10 2.23 0.1180  0.0276
15 6.61 2.30 0.1278  0.0483
Procedure. 16 7.12 2.36 0.1672  0.0773
17 7.63 2.47 0.2065 0.1064
18 8.14 2.57 0.2753 0.197 3



P . .n..‘ ....
e gt
m«wwfmw‘-m

0 Ao i el d (0 Pt AR bt (418 P i e ie 4
St e b e e _x.,.*m.m%ww.,
7 i =

3500 40.00

[ ]
2500 30.00

1st derivative
1500  20.00

10.00

5.00

2.5000
2.0000
1.5000
1.0000
05000

location of the equivalence points. In this
example, the first one is ~10 mL and the second

The first derivative plot shows us the approximate
does not show up because the acid is too dilute.

2. Making the three graphs
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3. Interpolate for equwalence pomts

And the second
one is 20.182 mL.
Is that weird?

By interpolation, the
first equivalence
point is 9.977 mL.

2nd derivative

A A\ P
NN\ N

25.00 30.00 35.00 40.00 .l

D0

Vddme
NaOH (mL)
18.31

pH derivative dgfrivati

7.36 0.2852

0.4031

0.2901 0.2997

A s L e

9.15 2.98 0.5703  1.4393 18.81 7.59 0.4326 03481 &
i 9.66 3.33 1.8669  1.5856 19.32 7.80 06391 13762 &
=122 IELET 4.86 21829  -0.9160 | B 19.83 8.24 1.8322  1.4309 |
& 10.68 5.55 0.9445  -1.6630 & 20.36 9.70 20944 07222 | &
28 11.19 5.83 04916  -0.5941 20.85 10.37 10832  -1.4696
25 | 1170 6.05 03343  -0.2417 21.36 1078 05998  -0.9188 &
£ 26 12 2 517 2458 -0 0870 ; # 45 2187 1098 01672 .0.3% 5 |



3. Interpolate for equivalence points
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one of the second
\) / derivative values

is useable.

In the previous example,
either equivalence point
could be used. In this
example, the second
equivalence point looks a
lot better, so that one is

the best one to use.
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. Interpolate for equivalence points
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> 3 SP NS 3 AR Eryes 3 RIS R,
: Fadial ...u.nmwur\,".w?“» w.mww..\,..,mnwnmmww&.,
At AT E CERLiAs ST ¥ 5 5 YM.HM.W# .:_m*”.\mpu\m.ﬁwwmw -
L L A R R S A R R T .c...\“.pw..m.‘v.o et




".,w‘.#r.i
e b
)
+
S 3
= o
-
Q
Q
x O
= >
g8
= 3
SN
=
S
S =

ike we saw in Slide 5, the second
lence point should be exactly twice that of

equiva

3. Interpolate for equivalence points

If both equivalence points can be determined by
interpolation |

the first one, but...
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4, Interpolate for pK values

The pK, value comes from =~ And pK_, comes from the pH at
the pH at half-way to the half-way between the first and
first equivalence point — second equivalence points -

which we determine by again determined by
another interpolation. interpolation.

The volumes used \\\\\\
for pK,, and pK,
are shown WIth

the green Ccrosses.

Info for
Introduction




4. Interpolate for pK, values

e

FYl, the actual pK,; ; e S ‘ : :5;§if§§;t3'-5;~,r,, ot
and pK,, values are : Sesin i
2.12 and 7.21. e A A

*
ﬁv.ﬂ-h.*-‘- d 'v-v.q-h.*-
2t o T iy P A P e R ey e A

Buffer:
7PO, H,PO," HPO, Hfsz' PO,

1 Stuff that is good
:to know: The major
species present
throughout the
titration include
three buffers. f?’*"f 5
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Today we follow the
procedure as described in
the lab manual starting
on page 46.

Collect data in Excel

like you see on Slide

3... and like we did
last week.

Come back here and do the
interpolation - you have two
possible endpoints to use.
Use the best looking one if
one is wonky...

This is me posing with
random test tubes, all
scientifical.
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5. Procedure: What we do today

Wear your safety glasses. Dress for a mess. &

.

f:;m @ Stuff to do

E%«; @ Take time writing an introduction in your own words before lab. today....

:m i @ Record observations and details as carefully as possible. ’ \ ‘
D Ent Vol d pH values into Excel '
e nter your Volumes and pH values into Excel as you go. s
i (5 Work in pairs. Do one titration and if at least one 2" derivative looks

:2‘&:,.‘, good for interpolating the equivalence point, you’re done collecting

mﬁ data.

ERES .. . :

A @ Show all of your calculations involving interpolation. 3
m«“ @ The cover sheet summarizes everything that you need to include with '
EERA your report.

r ap

i
®

Keep your pH probe in water or a solution — never out of a solution!
The probes are safely stored in the 0.01 M HCl(aq) solution provided.

2443 5t doye
T
SEi 2o eTn

&
f‘gﬁ“; The pH meters are inaccurate below pH = 2 and above 11.5.
Pt
g 'hf' @ Write a meaningful Conclusion. Explain why you decided which
f;;:ﬁx equivalence point to use. In some cases, both would work. In other §
ﬁaﬁ cases, one equivalence point is better than the other. How did your K, Fr;;“:;,"f"g

values compare with the literature values?
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5. Your Lab Report

First, the cover page with TA initials.

Next, the trimmed copy pages from your lab

notebook stapled together.

Attach graphs and data. Staple all together.

Reports without graphs will not be graded.
Turn in lab report before you leave today.
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cartoons by Randall Munroe \ fiot Chem Lab with the Stick People and Bird was created and produced by
(www.xkcd.com) e R R

MRS SRS ESSS  Dr. Bruce Mattson, Creighton Chemistry. Enjoy it and share it if you wish.




