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I	
  like	
  blue.	
  

Today	
  we	
  
are	
  going	
  to	
  
learn	
  a	
  lot!	
  

…about	
  
beer???	
  



	
  	
  

	
  	
  Objec'ves:	
  To	
  learn	
  more	
  about	
  the	
  visible	
  spectrum	
  of	
  a	
  colored	
  
solu'on	
  and	
  how	
  concentra'on	
  and	
  color	
  intensity	
  are	
  related.	
  

Overview:	
  
1.  The	
  visible	
  spectrum	
  
2.  Beer’s	
  law	
  
3.  Making	
  a	
  solu'on	
  by	
  dilu'on	
  
4.  Procedure:	
  What	
  we	
  do	
  today	
  
5.  Your	
  lab	
  report	
  

So	
  Beer’s	
  law	
  
sounds	
  sort	
  of	
  
funny…	
  but	
  has	
  

nothing	
  to	
  do	
  with	
  
beer	
  

We	
  will	
  learn	
  about	
  
visible	
  spectroscopy	
  and	
  
Beer’s	
  law.	
  	
  We	
  will	
  each	
  

contribute	
  to	
  a	
  
classroom	
  data	
  set.	
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We	
  are	
  all	
  
coun@ng	
  on	
  you!	
  



	
  	
  

	
  	
  

1.	
  The	
  visible	
  spectrum	
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Wavelength,	
  λ
400	
  nm	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  700	
  nm	
  
High	
  energy	
  .	
  .	
  .	
  .à	
  .	
  .	
  .	
  .	
  .	
  Low	
  energy	
  

Here	
  we	
  have	
  
a	
  cup	
  of	
  blue	
  
food	
  coloring.	
  	
  

And	
  here	
  is	
  the	
  visible	
  spectrum	
  
of	
  blue	
  food	
  coloring.	
  	
  

Info	
  for	
  
Introduc;on	
  

LoggerPro	
  displays	
  
the	
  visible	
  colors	
  on	
  
the	
  spectrum.	
  	
  It’s	
  
cute.	
  	
  See	
  how	
  blue	
  

food	
  coloring	
  
absorbs	
  orange?	
  

Ab
so
rb
an

ce
	
  à

	
  



	
  	
  1.	
  The	
  visible	
  spectrum	
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Info	
  for	
  

Introduc;on	
  

Here	
  is	
  my	
  version	
  of	
  the	
  
color	
  wheel	
  –	
  sort	
  of	
  a	
  color	
  
hexagon,	
  but	
  whatever…	
  

400	
  nm	
  

430	
  nm	
   490	
  nm	
  

600	
  nm	
  650	
  nm	
  

800	
  nm	
  

Colored	
  solu@ons	
  
absorb	
  part	
  of	
  the	
  
visible	
  spectrum	
  and	
  
transmit	
  the	
  rest.	
  So	
  

a	
  solu@on	
  that	
  
absorbs	
  red,	
  for	
  
example,	
  will	
  
transmit	
  all	
  the	
  
other	
  colors,	
  but	
  

frequently	
  looks	
  the	
  
color	
  wheel	
  opposite	
  

of	
  red	
  –	
  green!	
  	
  

560	
  nm	
  

Anyone	
  else	
  smell	
  
a	
  quiz	
  ques@on?	
  



	
  	
  1.	
  The	
  visible	
  spectrum	
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Today	
  you	
  will	
  record	
  the	
  
visible	
  spectrum	
  for	
  three	
  
food	
  colorings	
  as	
  shown	
  
here	
  and	
  labeled	
  A,	
  B,	
  and	
  
C.	
  What	
  food	
  color	
  gave	
  
Spectrum	
  A?	
  Spectrum	
  B?	
  

Spectrum	
  C?	
  	
  

400	
  nm	
  

430	
  nm	
   490	
  nm	
  

600	
  nm	
  650	
  nm	
  

800	
  nm	
  

Well?	
  

A
B C



	
  	
  1.	
  The	
  visible	
  spectrum	
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LoggerPro	
  has	
  an	
  op@on	
  to	
  show	
  
the	
  spectrum	
  without	
  the	
  full	
  
rainbow,	
  like	
  you	
  see	
  below.	
  	
  

Here	
  is	
  how:	
  From	
  the	
  LoggerPro	
  
pull-­‐down	
  menu,	
  pick	
  

Preferences,	
  then	
  click	
  Graph	
  
spectrum	
  as	
  narrow	
  strip.	
  

A
B C

I	
  kinda	
  like	
  
rainbows…	
  



	
  	
  

	
  	
  

1.	
  The	
  visible	
  spectrum	
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The	
  wavelength	
  
with	
  the	
  largest	
  
absorbance	
  is	
  
called	
  λmax,	
  and	
  

spoken	
  as	
  
lambda-­‐max	
  

λmax~628	
  nm	
  

Ab
so
rb
an

ce
	
  à

	
  

We	
  would	
  say	
  that	
  
λmax	
  =	
  628	
  nm.	
  	
  In	
  
the	
  second	
  part	
  of	
  
our	
  experiment,	
  we	
  
will	
  collect	
  new	
  data,	
  

all	
  at	
  λmax.	
  
Info	
  for	
  

Introduc;on	
  



	
  	
  2.	
  Beer’s	
  law	
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The	
  y-­‐axis	
  in	
  the	
  spectrum	
  
above	
  is	
  labeled	
  Absorbance.	
  	
  
It	
  is	
  a	
  measure	
  of	
  how	
  blue	
  
the	
  solu@on	
  is.	
  	
  A	
  very	
  dilute	
  
solu@on	
  would	
  have	
  small	
  a	
  
absorbance	
  and	
  a	
  darker	
  blue	
  
solu@on	
  would	
  have	
  larger	
  

absorbance	
  value.	
  	
  	
  	
  

	
  	
  λmax~628	
  nm	
  

Ab
so
rb
an

ce
	
  à

	
  

The	
  rela@onship	
  between	
  
concentra@on	
  	
  and	
  

absorbance	
  is	
  linear!	
  	
  The	
  
graph	
  above	
  features	
  

Concentra@on	
  of	
  Blue	
  on	
  
the	
  x-­‐axis	
  and	
  

Absorbance	
  on	
  the	
  y-­‐axis.	
  	
  

These	
  data	
  were	
  all	
  
collected	
  at	
  λmax,	
  628	
  nm	
  



	
  	
  2.	
  Beer’s	
  law	
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This	
  is	
  a	
  real	
  Beer’s	
  law	
  
chart	
  created	
  from	
  a	
  
collec@on	
  of	
  student	
  

data.	
  	
  You	
  and	
  your	
  lab	
  
partner	
  will	
  contribute	
  
one	
  point	
  to	
  a	
  graph	
  

like	
  this.	
  	
  

So	
  the	
  rela@onship	
  
between	
  concentra@on	
  	
  
and	
  absorbance	
  is	
  linear.	
  	
  

The	
  formula	
  is	
  A	
  =	
  
k[Blue],	
  where	
  A	
  is	
  

absorbance,	
  k	
  is	
  the	
  slope	
  
of	
  the	
  line	
  and	
  [Blue]	
  is	
  
the	
  molar	
  concentra@on	
  
of	
  Blue	
  in	
  moles	
  per	
  liter.	
  	
  	
  

A	
  =	
  k[Blue]	
  

See	
  how	
  A	
  =	
  k[Blue]	
  
looks	
  just	
  like	
  y	
  =	
  mx	
  +	
  b,	
  

where	
  b	
  =	
  0?	
  



	
  	
  2.	
  Beer’s	
  law	
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The	
  slope,	
  k,	
  is	
  actually	
  
equal	
  to	
  two	
  constants,	
  b	
  
and	
  ε	
  (epsilon).	
  The	
  b	
  is	
  
the	
  cell	
  path	
  length	
  in	
  
cen@meters	
  and	
  has	
  a	
  

value	
  of	
  1.00	
  cm.	
  	
  The	
  ε	
  is	
  
called	
  the	
  molar	
  
absorp@vity.	
  	
  

A	
  =	
  k[Blue]	
  

Absorbance	
  has	
  no	
  units,	
  and	
  
concentra@on	
  is	
  mol/L.	
  	
  That	
  leaves	
  k	
  
to	
  have	
  units	
  of	
  L/mol.	
  	
  Because	
  k	
  =	
  
bε,	
  and	
  b	
  has	
  units	
  of	
  cm,	
  ergo	
  ε	
  has	
  

units	
  of	
  L	
  mol-­‐1	
  cm-­‐1.	
  
How	
  many	
  birds	
  do	
  
you	
  know	
  who	
  say	
  
things	
  like	
  ergo?	
  

When	
  this	
  chart	
  was	
  
made,	
  they	
  did	
  this:	
  
They	
  chose	
  Add	
  

Trendline,	
  Op@ons,	
  Set	
  
intercept	
  =	
  0,	
  Display	
  
equa@on	
  and	
  R2	
  value	
  

on	
  chart.	
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3.	
  Making	
  a	
  solu'on	
  by	
  dilu'on	
  

McVc	
  =	
  MdVd	
  

7.5	
  x	
  10-­‐5	
  x	
  Vc	
  =	
  8.00	
  x	
  10-­‐6	
  x	
  50.00	
  mL	
  

Vc	
  =	
  5.3	
  mL	
  

You’ll	
  be	
  assigned	
  a	
  
solu@on	
  to	
  make	
  today	
  –	
  

to	
  contribute	
  to	
  the	
  
Beer’s	
  law	
  chart.	
  	
  For	
  
example,	
  suppose	
  you	
  

were	
  assigned	
  to	
  make	
  a	
  
solu@on	
  that	
  was	
  8.00	
  x	
  
10-­‐6	
  M	
  using	
  a	
  50.00	
  mL	
  

volumetric	
  flask…	
  	
  

The	
  dilu@on	
  formula	
  is…	
  

If	
  the	
  stock	
  solu@on	
  were	
  7.5	
  x	
  10-­‐5	
  M,	
  
the	
  math	
  would	
  look	
  like	
  this:	
  

Yup.	
  Info	
  for	
  
Introduc;on	
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3.	
  Making	
  a	
  solu'on	
  by	
  dilu'on	
  

0
	
  

1
	
  

2
	
  

3
	
  

4
	
  

5
	
  

6
	
  

7
	
  

8
	
  

9

By	
  now	
  you’ve	
  
watched	
  the	
  Mohr	
  
pipet	
  YouTube	
  video.	
  

We	
  always	
  
start	
  with	
  the	
  
thing	
  filled	
  to	
  
the	
  0	
  mark.	
  

And	
  then	
  deliver	
  to	
  the	
  
calculated	
  volume.	
  

4.86	
  if	
  you’re	
  
wondering	
  

The	
  rest	
  is	
  extra.	
  
Pipet	
  image	
  credit:	
  allpipeges.com/Use-­‐Mohr-­‐Pipeges.html	
  

Reading	
  the	
  volumes	
  is	
  
tricky.	
  The	
  numbers	
  get	
  
bigger	
  going	
  down.	
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3.	
  Making	
  a	
  solu'on	
  by	
  dilu'on	
  

0
	
  

1
	
  

2
	
  

3
	
  

4
	
  

5
	
  

6
	
  

7
	
  

8
	
  

9

Suppose	
  we	
  
wanted	
  4.86	
  mL.	
  
Start	
  with	
  it	
  filled	
  
to	
  the	
  0.00	
  mark.	
  

This	
  is	
  the	
  part	
  you	
  
need	
  –	
  from	
  0.00	
  
down	
  to	
  4.86	
  mL	
  

See	
  how	
  the	
  Mohr	
  pipet	
  gets	
  
weird	
  before	
  it	
  gets	
  to	
  10?	
  

…	
  and	
  deliver	
  
the	
  liquid	
  down	
  
to	
  4.86	
  mL	
  

You	
  can	
  read	
  two	
  places	
  
past	
  the	
  decimal	
  with	
  

this	
  Mohr	
  pipet	
  

…	
  and	
  the	
  rest	
  goes	
  
back	
  in	
  the	
  beaker.	
  



	
  	
  4.	
  Procedure:	
  What	
  we	
  do	
  today	
  

We	
  will	
  be	
  using	
  cuveges	
  today	
  with	
  the	
  
spectrometer.	
  	
  Here	
  is	
  how	
  to	
  use	
  them:	
  
•  Rinse	
  with	
  the	
  stock	
  solu@on	
  
•  Fill	
  cuvege	
  ~3/4	
  full	
  
•  Make	
  sure	
  the	
  light	
  goes	
  through	
  the	
  clear,	
  not	
  

the	
  “frosted”	
  sides	
  (line	
  up	
  the	
  arrows)	
  
•  Make	
  sure	
  there	
  are	
  no	
  bubbles	
  
•  Wipe	
  it	
  clean	
  
•  At	
  end	
  of	
  lab,	
  rinse	
  and	
  leave	
  at	
  your	
  table	
  

upside	
  down	
  on	
  a	
  paper	
  towel	
  so	
  it	
  can	
  drain.	
  

You’ll	
  be	
  entering	
  data	
  into	
  a	
  Google	
  form.	
  	
  
Exponen@al	
  numbers	
  are	
  entered	
  as	
  in	
  this	
  
example:	
  8.00	
  x	
  10-­‐6	
  would	
  be	
  entered	
  as	
  

8.00E-­‐6	
  –	
  note	
  there	
  are	
  no	
  spaces!	
  
	
  	
  14	
  

Only	
  this	
  one	
  
way	
  will	
  work!	
  



Part	
  D	
  (Slides	
  11-­‐12-­‐13)	
  
lead	
  to	
  a	
  classroom	
  set	
  of	
  
data.	
  You	
  can	
  do	
  the	
  next	
  
ac@vity	
  (Slide	
  16)	
  while	
  
you	
  wait	
  for	
  all	
  the	
  data	
  

to	
  be	
  collected.	
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4.	
  Procedure:	
  What	
  we	
  do	
  today	
  

Parts	
  A	
  and	
  B	
  are	
  done	
  with	
  your	
  lab	
  partner.	
  It	
  is	
  not	
  
usually	
  necessary	
  to	
  restart	
  your	
  computer.	
  	
  Print	
  the	
  
red-­‐blue-­‐yellow	
  spectra	
  obtained	
  all	
  on	
  one	
  sheet	
  

instead	
  of	
  sketching	
  them	
  in	
  your	
  lab	
  notebook.	
  Your	
  
TAs	
  will	
  help	
  you	
  display	
  the	
  rainbow	
  as	
  a	
  ribbon	
  
along	
  the	
  bogom.	
  	
  Your	
  TAs	
  will	
  show	
  your	
  Part	
  C.	
  	
  

Today	
  we	
  kinda	
  follow	
  
the	
  procedure	
  as	
  

described	
  in	
  the	
  lab	
  
manual,	
  page	
  10,	
  

except….	
  	
  

Go	
  ahead	
  and	
  
peek	
  at	
  Slide	
  

16.	
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There	
  is	
  a	
  Mohr	
  pipet	
  ac@vity	
  
on	
  the	
  back	
  of	
  your	
  cover	
  

sheet	
  that	
  is	
  part	
  of	
  your	
  on-­‐
line	
  report.	
  	
  It	
  is	
  not	
  in	
  the	
  lab	
  
manual.	
  You	
  can	
  do	
  it	
  before	
  
or	
  aoer	
  the	
  experiment	
  in	
  the	
  

lab	
  manual.	
  	
  

	
  	
  4.	
  Procedure:	
  What	
  we	
  also	
  do	
  today	
  

They’ll	
  
never	
  find	
  
me	
  here.	
  



	
  	
  4.	
  Procedure:	
  What	
  we	
  do	
  today	
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①  Wearing	
  	
  your	
  safety	
  glasses	
  is	
  always	
  prudent,	
  but	
  today	
  we	
  will	
  not	
  be	
  
enforcing	
  it.	
  No	
  special	
  arre	
  needed	
  today.	
  We	
  are	
  not	
  making	
  a	
  mess.	
  

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

③  Each	
  pair	
  of	
  students	
  performs	
  Part	
  A	
  and	
  B	
  and	
  agaches	
  spectra	
  as	
  
part	
  of	
  your	
  lab	
  report	
  today.	
  	
  This	
  is	
  different	
  from	
  the	
  lab	
  manual.	
  	
  

④  Record	
  observa@ons	
  and	
  details	
  as	
  carefully	
  as	
  possible.	
  	
  Show	
  your	
  
calcula@ons	
  with	
  formulas,	
  units,	
  and	
  significant	
  figures!	
  

⑤  Do	
  Part	
  C	
  any@me.	
  	
  One	
  of	
  our	
  TAs	
  will	
  assist.	
  

⑥  Make	
  sure	
  you	
  can	
  correctly	
  use	
  the	
  Mohr	
  pipet	
  before	
  you	
  do	
  Part	
  D.	
  	
  In	
  
Part	
  D	
  –	
  you	
  and	
  partner	
  will	
  contribute	
  one	
  point	
  to	
  the	
  class	
  Beer’s	
  
law	
  plot.	
  

⑦  Complete	
  Mohr	
  pipet	
  ac@vity	
  with	
  the	
  orange	
  solu@on	
  before	
  you	
  
submit	
  on-­‐line	
  data.	
  

⑧  You	
  will	
  use	
  class	
  data	
  to	
  produce	
  a	
  Beer’s	
  law	
  plot	
  in	
  Excel.	
  	
  Class	
  data	
  
will	
  be	
  available	
  at	
  the	
  Chm	
  206	
  website	
  one	
  hour	
  aoer	
  lab.	
  



In	
  the	
  conclusion	
  we	
  can	
  summarize	
  what	
  we’ve	
  learned.	
  	
  Why	
  did	
  we	
  
do	
  this	
  experiment?	
  	
  Review	
  the	
  Objec@ves	
  from	
  Slide	
  2	
  and	
  see	
  if	
  we	
  
did	
  what	
  we	
  set	
  out	
  to	
  do.	
  	
  We	
  read	
  your	
  conclusions	
  carefully.	
  	
  Be	
  
sure	
  to	
  write	
  it	
  in	
  your	
  own	
  words	
  and	
  not	
  copy	
  it	
  from	
  anyone.	
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Conclusion.
In this experiment we worked together as a class to create a Beers 

law chart for Blue Food Coloring.  This involved each pair of us making a 
specific dilution and measuring its absorbance using a visible spectrometer.

The Beers law chart created plotted absorbance on the y-axis and 
concentration on the x-axis, so the equation of the line is Absorbance = Slope 
X Concentration. We set the y-intercept to zero because if the solution were 
0.00 molar, the absorbance would be zero. The slope of the line lets us 
calculate the concentration of any unknown solution from it absorbance 
reading.

	
  	
  5.	
  Your	
  lab	
  report	
  



We	
  also	
  address	
  sources	
  of	
  errors.	
  	
  Some@mes	
  there	
  aren’t	
  any	
  obvious	
  
ones	
  and	
  other	
  @mes	
  there	
  are	
  plenty.	
  	
  We	
  need	
  to	
  only	
  worry	
  about	
  the	
  
more	
  plausible	
  ones.	
  	
  Looking	
  over	
  the	
  con@nuum	
  of	
  possible	
  errors	
  for	
  

this	
  experiment,	
  we	
  will	
  s@ck	
  with	
  the	
  reasonable	
  ones	
  only.	
  

Reasonable	
   Unreasonable	
  Not	
  too	
  likely	
  
Errors	
  with	
  reading	
  
the	
  Mohr	
  pipet	
  

Spectrometer	
  wasn’t	
  
working	
  correctly	
  

Laws	
  of	
  physics	
  suspended.	
  
Sabotaged	
  by	
  TAs	
  	
  

5.	
  Your	
  lab	
  report.	
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Sources of error.
Looking at the data contributed by the entire class, we see that 

not all points are on the line.  If everyone did the experiment perfectly, all 
the points would be on the line. This means that some student pairs made 
some sort of error.  Because correctly using the Mohr pipet is 
challenging, this is the most likely sourse of error.  Perhaps the pipet was 
used incorrectly or read incorrectly. Our data point was close to being on 
the line, so we probably didn’t experience an error.

	
  	
  5.	
  Your	
  lab	
  report	
  



	
  	
  5.	
  Your	
  lab	
  report	
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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.	
  Staple	
  all	
  together.	
  
③   On-­‐line	
  results	
  due	
  at	
  the	
  end	
  of	
  class	
  today.	
  

Remember	
  the	
  required	
  format	
  for	
  exponen'als:	
  
8.00E-­‐6	
  (and	
  no	
  spaces).	
  Late	
  submissions	
  are	
  not	
  
graded	
  –	
  see	
  the	
  syllabus.	
  

④   Two	
  aOachments:	
  Your	
  visible	
  spectrum	
  and	
  your	
  
Beer’s	
  law	
  plot	
  

⑤  Turn	
  in	
  lab	
  report	
  before	
  the	
  start	
  of	
  class	
  tomorrow.	
  
You	
  will	
  need	
  data	
  available	
  one	
  hour	
  aeer	
  lab.	
  	
  Late	
  
labs	
  may	
  not	
  be	
  graded	
  –	
  see	
  the	
  syllabus.	
  

Chem	
  Lab	
  with	
  the	
  SIck	
  People	
  and	
  Bird	
  was	
  created	
  and	
  produced	
  by	
  
Dr.	
  Bruce	
  Magson,	
  Creighton	
  Chemistry.	
  Enjoy	
  it	
  and	
  share	
  it	
  if	
  you	
  wish.	
  


