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pKa	  and	  Ka	  of	  Phosphoric	  Acid	  
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	  Today	  we	  inves-gate	  

the	  secret	  lives	  of	  the	  
polypro&c	  acids.	  	  	  	  

I	  knew	  a	  bird	  
named	  Polly...	  	  	  	  

Wait…	  which	  way	  
are	  we	  going?	  	  	  	  



Objec&ve:	  To	  determine	  the	  pKa	  and	  Ka	  
values	  for	  phosphoric	  acid.	  
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Overview:	  
1.  Collect	  data	  directly	  in	  Excel	  
2.  Make	  the	  three	  graphs	  
3.  Interpolate	  for	  equivalence	  points	  
4.  Interpolate	  for	  pKa	  values	  
5.  Procedure:	  What	  we	  do	  today	  
6.  Lab	  report	  format	  

This	  week’s	  experiment	  is	  a	  
laboratory	  prac-cal:	  You	  will	  use	  
the	  skills	  you	  learned	  last	  week	  to	  
perform	  the	  assigned	  objec-ve	  
with	  minimal	  introduc-on.	  	  

You	  can	  use	  the	  same	  
spreadsheet	  as	  you	  

did	  last	  week.	  	  	  	  

It’s	  “Ac-on	  Shot	  
Day”	  in	  Lab.	  	  Send	  
your	  picture	  to	  Dr.	  

MaLson.	  
	  

You	  must	  be	  wearing	  your	  safety	  glasses	  
and	  performing	  the	  actual	  experiment.	  	  

Other	  restric-ons	  may	  apply.	  



1.	  Collect	  your	  &tra&on	  data	  directly	  in	  Excel	  

You	  can	  record	  the	  
volume	  and	  pH	  data	  
pairs	  directly	  in	  Excel	  -‐	  
instead	  of	  Step	  4	  of	  the	  

Procedure.	  	  

!	  
Use	  the	  same	  formulas	  for	  
deriva-ves	  as	  last	  week.	  	  

BeLer	  yet,	  use	  a	  copy	  of	  the	  
spreadsheet	  from	  last	  

week,	  complete	  with	  the	  
formulas!	  	  
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Ooo!	  They	  added	  
colors	  and	  formaLed	  

the	  numbers!	  



2.	  Making	  the	  three	  graphs.	  	  
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The	  data	  will	  produce	  a	  
-tra-on	  curve	  like	  this	  one…	  

…and	  a	  1st	  
deriva-ve	  plot	  
like	  this	  one.	  

The	  first	  deriva-ve	  plot	  shows	  us	  the	  approximate	  
loca-on	  of	  the	  equivalence	  points.	  	  In	  this	  

example,	  the	  first	  one	  is	  ~10	  mL	  and	  the	  second	  
one	  at	  ~20	  mL.	  	  The	  3rd	  equivalence	  point	  (~30	  mL)	  
does	  not	  show	  up	  because	  the	  acid	  is	  too	  dilute.	  	  	  Info	  for	  

Introduc<on	  



By	  interpola-on,	  the	  
first	  equivalence	  
point	  is	  9.977	  mL.	  

And	  the	  second	  
one	  is	  20.182	  mL.	  	  
Is	  that	  weird?	  
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3.	  Interpolate	  for	  equivalence	  points	  



Some-mes	  only	  
one	  of	  the	  second	  
deriva-ve	  values	  

is	  useable.	  	  

In	  the	  previous	  example,	  
either	  equivalence	  point	  
could	  be	  used.	  	  In	  this	  
example,	  the	  second	  

equivalence	  point	  looks	  a	  
lot	  beLer,	  so	  that	  one	  is	  
the	  best	  one	  to	  use.	  
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3.	  Interpolate	  for	  equivalence	  points	  

That	  means	  
we	  have	  two	  
shots	  at	  it!	  



Suppose	  the	  second	  equivalence	  point	  
was	  19.60	  mL.	  	  The	  first	  one	  would	  be	  
9.80	  mL	  just	  be	  dividing	  19.60	  by	  2.	  	  

We	  also	  need	  to	  know	  the	  volumes	  
half-‐way	  to	  the	  first	  equivalence	  
point	  –	  which	  is	  4.90	  mL,	  and	  half	  
way	  between	  the	  first	  and	  second	  
equivalence	  point	  –	  14.70	  mL.	  	  
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3.	  Interpolate	  for	  equivalence	  points	  

The	  19.60	  mL	  came	  
from	  interpola-on	  like	  

we	  did	  last	  week.	  



Informa<on	  for	  data	  analysis!	  

VEqPt-‐1	  	   VEq-‐Pt-‐2	   	  	  8	  

3.	  Interpolate	  for	  equivalence	  points	  

If	  both	  equivalence	  points	  can	  be	  determined	  by	  
interpola-on	  like	  we	  saw	  in	  Slide	  5,	  the	  second	  
equivalence	  point	  should	  be	  exactly	  twice	  that	  of	  

the	  first	  one,	  but...	  	  

…it	  almost	  never	  turns	  
out	  quite	  like	  that.	  	  
What	  would	  cause	  

these	  errors?	  Reading	  
the	  buret?	  	  

I	  can	  almost	  
see	  Spring	  
Break!	  



Veq-‐pt-‐1	  	   Veq-‐pt-‐2	  
1/2	  x	  Veq-‐pt-‐1	  	  

3/2	  x	  Veq-‐pt-‐1	  	  
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4.	  Interpolate	  for	  pKa	  values	  

The	  pKa1	  value	  comes	  from	  
the	  pH	  at	  half-‐way	  to	  the	  
first	  equivalence	  point	  –	  
which	  we	  determine	  by	  
another	  interpola-on.	  

And	  pKa2	  comes	  from	  the	  pH	  at	  
half-‐way	  between	  the	  first	  and	  
second	  equivalence	  points	  –	  

again	  determined	  by	  
interpola-on.	  

The	  volumes	  used	  
for	  pKa1	  and	  pKa2	  
are	  shown	  with	  

the	  green	  crosses.	  	  	  

Info	  for	  
Introduc<on	  



H2PO4
-‐
	  	   HPO4

2-‐
	  	   PO4

3-‐
	  	  H3PO4	  	  

Buffer:	  
H3PO4	  	  
and	  	  

H2PO4
-‐
	  	  

Buffer:	  
H2PO4

-‐
	  	  

and	  	  
HPO4

2-‐
	  	  

Buffer:	  
HPO4

2-‐
	  	  

and	  	  
PO4

3-‐
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4.	  Interpolate	  for	  pKa	  values	  

FYI,	  the	  actual	  pKa1	  
and	  pKa2	  values	  are	  

2.12	  and	  7.21.	  	  

Stuff	  that	  is	  good	  
to	  know:	  The	  major	  
species	  present	  
throughout	  the	  
-tra-on	  include	  
three	  buffers.	  

I	  see	  
buffers	  
aplenty.	  
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5.	  Procedure:	  What	  we	  do	  today	  

Today	  we	  follow	  the	  
procedure	  as	  described	  in	  
the	  lab	  manual	  star-ng	  

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	  
interpola-on	  –	  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	  	  

scien-fical.	  
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5.	  Procedure:	  What	  we	  do	  today	  

I	  like	  water.	  

Stuff	  to	  do	  
today….	  

①  Wear	  your	  safety	  glasses.	  Dress	  for	  a	  mess.	  

②  Take	  -me	  wri-ng	  an	  introduc-on	  in	  your	  own	  words	  before	  lab.	  

③  Record	  observa-ons	  and	  details	  as	  carefully	  as	  possible.	  	  	  

④  Enter	  your	  Volumes	  and	  pH	  values	  into	  Excel	  as	  you	  go.	  	  

⑤  Work	  in	  pairs.	  Do	  one	  -tra-on	  and	  if	  at	  least	  one	  2nd	  deriva-ve	  looks	  
good	  for	  interpola-ng	  the	  equivalence	  point,	  you’re	  done	  collec-ng	  
data.	  	  	  

⑥  Show	  all	  of	  your	  calcula-ons	  involving	  interpola-on.	  

⑦  The	  cover	  sheet	  summarizes	  everything	  that	  you	  need	  to	  include	  with	  
your	  report.	  	  	  

⑧  Keep	  your	  pH	  probe	  in	  water	  or	  a	  solu-on	  –	  never	  out	  of	  a	  solu-on!	  
The	  probes	  are	  safely	  stored	  in	  the	  0.01	  M	  HCl(aq)	  solu-on	  provided.	  
The	  pH	  meters	  are	  inaccurate	  below	  pH	  =	  2	  and	  above	  11.5.	  	  	  

⑨  Write	  a	  meaningful	  Conclusion.	  	  Explain	  why	  you	  decided	  which	  
equivalence	  point	  to	  use.	  	  In	  some	  cases,	  both	  would	  work.	  	  In	  other	  
cases,	  one	  equivalence	  point	  is	  beLer	  than	  the	  other.	  How	  did	  your	  Ka	  
values	  compare	  with	  the	  literature	  values?	  
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S&ck	  people	  inspired	  by	  xkcd	  
cartoons	  by	  Randall	  Munroe	  

(www.xkcd.com)	  

①  First,	  the	  cover	  page	  with	  TA	  ini&als.	  
②  Next,	  the	  trimmed	  copy	  pages	  from	  your	  lab	  

notebook	  stapled	  together.	  	  
③  Adach	  graphs	  and	  data.	  Staple	  all	  together.	  	  

Reports	  without	  graphs	  will	  not	  be	  graded.	  
④   Turn	  in	  lab	  report	  before	  you	  leave	  today.	  	  	  

5.	  Your	  Lab	  Report	  

Happy	  Spring	  
Break!	  

Chem	  Lab	  with	  the	  S&ck	  People	  and	  Bird	  was	  created	  and	  produced	  by	  
Dr.	  Bruce	  MaLson,	  Creighton	  Chemistry.	  Enjoy	  it	  and	  share	  it	  if	  you	  wish.	  

Later.	  


