
Module	  1	  Experimental	  Procedures	  
	  
Experiment	  1.	  What’s	  in	  the	  Spectrometer?	  
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shown	  in	  Fig.	  9	  in	  the	  open	  spectrometer	  unit	  
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ment	  2.	  Lambert-‐Beer’s	  Law	  
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Make	  sure	  that	  the	  absorbance	  spectrometer	  is	  
computer	  via	  USB	  port—you	  shoul

plugged	  in	  and	  connected	  to	  the	  

• 
Kimwipe,	  and	  place	  the	  cuvette	  in	  the	  holder
SpectraSuite	  program.	  	  	  Fill	  a	  cuvett

d	  
e	  w
be
it
	  able
h	  w

	  to
ater,	  w
	  hear

ipe	  t
	  its	  f

he	  sides	  of	  t
an	  running—

he	  cuvet
and	  ope

spectrometer	  
Under	  
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picture,	  expand	  

menu	  
menu	  

select	  
[+],	  and	  

Rescan	  
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Devices.	  
Properties	  
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[+]	  
d	   the	   absorbance	  

spectrometer
serial	   number	  

s	  
corresponds	   to	   the	   spectrometer.	  

to	  check	  that	  the	  

• 
the	  screen,	  right	  click	  the	  spectrometer	  picture	  and	  choose	  Show	  Graph.	  

and	  
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select	  Remove	  Spectrometer.	   	   If	   ther
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ick	   the	   Pause	   [

• 
Correction	  box.	  This	  box	  should	  remain	  checked	  throughout	  all	  experiments.	  
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and	  empty	  your	  

Take	  
then	  fill	  with	  the	  solution.	  	  P

cuvette.	  

a	  spectrum	  by	  clicking	  
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Play,	  
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holder.

with	  
	  

your	  first	  sample	  solution,	  empty,	  and	  

spectrum.	  	  You	  can	  change	  the	  viewing	  
then	  clicking	  
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	  If	  the	  Save	  button	  isn’t	  activated,	  try	  clicking	  elsewhere	  in	  the	  Save	  

1



• Remove,	  
the	   new	   solution,	  

empty,	  and	  
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dropwise	   until	   peaks	   are	  
you	  can	  resolve	  

to	  the	  
peaks,	  
hexane	  

and	  
cuvette	  
continue	  

and	  
to	  
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Experiment	  4.	  Fluorescence	  of	  Quantum	  Dots	  
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0.45
size	   a	  

	  ar
of	  
e	   th
the	  
e	  

either	  
hole	  effective	  

band	  do	  
masses,	  

in	   the	  
which	  
conduction	  

gap

account	  
and	  
approximately	  

m *c me m *v me

not	  move	  freely)	  where	  m

v

e

alence	   bands	   re

is	  
for	  the	  

s

an	  
fact	  
pectively	   el

the	  mass	  of	   electron.	  
that	  the	  

(

	   	  How
elec
ectron	  

	  
tr
w
o
el
ns
and	  

l	  do	  
	  in	  

your	  
sou

results	  
of	  discrep

agree	  with	  the	  

 
	  

rces	   ancy?	  	  
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Experiment	  5.	  Chloroform	  
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Whe

functional	  
re	  should	  
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it	  
take	  
out.	   	  
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FTIR	  
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IR	  
ick
scan
	  on
.	  
	  
	  
t
Under	  
he	  

the	  C
icon	  
ollect	  

to	  
header,	  
open	  a	  dia
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window	  that	  allows	  you	  to	  configure	  the	  

to	  Interferogram.	  	  Click	  OK	  to	  exit.	  
the	  number	  of	  scans	  to	  16	  and	  “Final	  format”	  
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• Put	  
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scan
in	  
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What	  do	  you	  expect	  to	  see	  in	  the	  spectrum?	  

can	  
Fill	  

be	  
the	  

concluded	  
cuvette	  with	  
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Repeat	   the	   experiment	   with	   deuterated	   chloroform	   and	   compare	   your	   results	   to	  

Experi

prediction.	  What	  are	  some	  possible	  sources	  of	  any	  

ment
	  
	  6.	  Essential	  Oils	  

discrepancies?	  

• 
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Put	  
with	  nitrogen	  for	  60	  seconds	  to	  remove	  water	  and	  C

an	  IR	  card	  in	  the	  card	  holder	  in	  the	  FTIR	  instrument,	  
O2	  vapors

close	  
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Experiment	  7.	  	  Protein	  Secondary	  Structure	  Determination	  

o• Before starting, set the temperature on the heating bath to 50  C and turn on the peristaltic 
pump.  While you are taking room temperature spectra, the bath will heat up.   

• Using D2O as the solvent, make three 100 μL solutions with 20 mg/mL concentrations of 
the three proteins you'll be studying: one for Lysozyme, one for Myoglobin, and one of 
Ribonuclease A. 

• Purge the spectrometer with nitrogen for 4 minutes and collect a background spectrum of 
the empty spectrometer with 2 cm-1 resolution and 16 scans.  Save the spectrum.  In 
experimental setup, set this background as the default background.   

• Clean the CaF2 windows and Teflon spacer with water.  Dry windows with lens paper.  
Dry Teflon spacer with a kimwipe.   

• Load the CaF2 cell with 30 μL of D2O.  Do not use the heating coil.  The cell should be 
assembled in this order:  tapered metal ring, tapered metal ring (opposite orientation), 
thick flat metal ring, lead gasket, CaF2 window, 50 μm Teflon spacer, CaF2 window, lead 
gasket, thin flat metal ring, threaded sealing cap.  To load the cell, carefully slide in cell 
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components up to and including the Teflon spacer.  Drop 30 μL of sample into center of 
window.  Gently lower remaining stacked components onto sample drop and screw the 
threaded sealing cap down.  Tighten firmly by hand until you encounter resistance.  
Verify that there are no bubbles in your clear aperture.   

• Place the entire cell in the Nicolet spectrometer and purge with nitrogen for 4 minutes.   
• Collect a D2O spectrum with 2 cm-1 resolution and 16 scans.  Save spectrum.  Collect a 

D2O background spectrum, save, and set it as the default background.   
• Remove cell, dissemble, clean windows with water, and load Lysozyme.   

-• Collect a 16 scan, 2cm 1 resolution spectrum of Lysozyme.  Save the spectrum.   
• Remove cell, dissemble, clean windows with water, and load Myoglobin.   
• Collect a spectrum after purging. 
• Repeat for RNase A.   
• After collecting a room temperature RNase A FTIR spectrum, unscrew sealing cap and 

slide on heating coil.  Retighten.  Make sure the heating coil orientation is correct such 
that it will stick out of the top window of the spectrometer when the cell is loaded.   

• After purging, set the temperature of the bath to 100oC.    
• Collect spectra of RNase A as the temperature rises at ~7oC increments.  Save the spectra 

and record the temperature.  The maximum temperature should be ~81 oC.   
• Turn off heater and allow to cool.  When the cell is cool enough to handle, disassemble 

and clean.   
• Compare Lysozyme, Myoglobin, and RNase A room temperature spectra in the 1600-

1700 and 1900-1300 cm-1 ranges.  Can you distinguish different secondary structures 
from the Amide I spectra?   

• Compare the RNase A temperature-dependent spectra over the same ranges.   To observe 
changes, subtract the room temperature spectrum from the others (control, right click 
selects both and then select the subtract button).  What changes?  What is happening to 
the protein as you heat it?   

•  
Experiment	  8.	  15-‐MHz	  NMR	   	  

• 

• 

Appendix	  
this	  experiment.	  
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all	  the	  NMR	  material	  in	  this	  manual	  and	  the	  Appendix	  before	  beginning.
	  

Samples	  
D	  is	  a	  mixture.	  

A,	  
Spec
B,	  and	  
trum	  I

	  Take	  
C	  contain	  
spectra	  

nterpretation
acetone,	  
of	  all	  four	  

	  an
ethanol,	  
samples	  

d	  Chemical	  Determin

	  

• and	  methanol	  in	  

three	   samples	   and	   the	   identity	   and	   mole	   fractions	  
to	  determine	  

of	   the	  
the	  

ation
some	  
identity	  

	  
order.	  

of	  
	  
the	  
Sample	  

first	  

• 
Rationalize	  the	  line	  positions,	  integrals,	  and	  splitting	  patterns	  that	  you	  obs

mixture	   in	   Sample	  
erve.	  

D.	  

For	  
oscillation	  

the	   sample	  
frequency	  

containing	  
determined	  

methanol	  
in	  the	  

calculate	  

ion,	  

	  

•

this	  
previous	  

the	   chemical	   shift	   in	   ppm	   from	   the	  

value	  to	  the	  spectrum	  in	  the	  frequency	  domain	  
experimental	  
obtained	  in	  thi

section	  
s	  sect

and	  compare	  

 

in	  w

protons	  on	  adjacent	  atoms	  in	  ethanol	  using	  your	  spectrum.	  

the	  units	  are	  ppm.	  
For	  

hich	  

the	   sample	   containing	   ethanol,	   calculate	   the	   J-‐coupling	   parameter	   values	   for	  

• 
the	  
Observe	  

FID	  
the	  
is	   visible.	  

FID:	  Enter
	   For	  

	  the	  
Time	  Domain

solution	  
‘acqi’	  w

‘A’	  
indow
you	  

	  Measuremen
,	  
should	  
hit	  ‘FID’,

see	  
	  and
ts	  

two	  
	  ad
oscillation	  
just	  the	  ver

frequencies.	  
tical	  scale	  unti

By	  
l	  

• 

moving	  
oscil
Examine	  

lation	  frequencies	  in	  Hert
the	  

the	  

cursor	  

linewidth

between	   the	   peaks	   of	   the	   two	   oscillations;	   calculate	   the	   two	  

:	  Bring	  t
z.
he	  
	  
cursor	  close	  to	  a	  peak.	  Enter	  nl	  dres	  (nearest	  line	  

• 

display	  
experiment.	  	  	  
Integrate	  

resolution).	  

your	  spectrum

Compare	   this	   value	   to	   the	   linewidth	   from	   the	   TeachSpin	  

button	  
to	  clear

to	  
	  all	  
define	  
resets	  

those	  
(zeroes)	  

:	  	  Cl
already	  
ick	  

regions	  

[partial	  
in	  memory.	  

integral]	  
Click	  
to	  display	  th

and	  
e	  inte

use	  
gral	  
the	  
line
left	  
.	  T
mouse	  
ype	  cz	  

using	  
used	  to	  

the	  
undo	  
middle	  

mistakes.	  
mouse	  

The	  
button	  
parameter	  
you	  wish	  to	  

set
integrate.	  
s	  the	  inte

[resets]	  
The	  
grals

right	  
	  scale

mouse	  
	  and	  can	  

button	  
be	  ad

can	  
juste

be	  
d	  

cont
will	  

rol
no
.	  
w	  
Pl
be
ace	  

to gai

	   q
t

while	  
is	  
in	   integral	  mode.	   Type	   	   re n	   cursor	  

• 
reg
Print	  the	  spectrum

ions)	  to	  get	  
ue
he	  
r
cursor	  
ied	   for	  

over	  
an	   inte

the	  
gr
desired	  
al	   value

region	  
.	   	   Type

and	  
	   ds	  
click	   et ]	  
dpir	  

the	  
(displ

ds	  
[S

a
	  i
y	  
nt
pea
butto

pl	  pscale	  pap	  page

k	   int
n.	  
egra
You	  

the	  integral	  values	  displayed	  underneath	  the	  spectrum.	  
l	  

:	  Type	   	  into	  the	  command	  line.	  	  	  

9



	  

	  
	  

10

Appen
ht
di
tp://l
x	  A:

asp.colorado.edu/cassini/education/
	  Electromagnetic	  Spectrum	  

	  

Please see: The Electromagnetic Spectrum

http://lasp.colorado.edu/cassini/education/
http://lasp.colorado.edu/cassini/education/Electromagnetic Spectrum.htm


Appendix	  B:	  Helpful	  Hints	  for	  the	  15	  MHz	  

 
The picture above shows the three main components of the instrument setup.  The pulse 
generator is where you will program the pulses that get sent to the magnet: the duration of each 
pulse, the frequency, the delay time between pulses, and the pulse patters patterns. The magnet 
consists of coils of wire which create a magnetic field and a place to put a sample.  The 
oscilloscope is where you will view both the input of the pulse generator into the magnet and the 
output of the sample after receiving pulses.  Its controls are shown below: 

 

1 

2 

3 4 

5 
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The five most important knobs are outlined in solid red.  In display mode, 1, 2, 4, and 5 control 
the panning (POSITION) and zooming (VOLTS/DIV or SEC/DIV) of the display.  In cursor 
mode, 1 and 3 move the cursors.  To change between modes, use the buttons above the vertical 
and horizontal controls.  The five buttons in a column left of the vertical and horizontal controls 
allow you to change the options displayed on the right-hand side of the screen.  They allow you 
to change between vertical and horizontal cursors when you’re in cursor mode, and when you’re 
in MATH MENU (in the center of the picture), they will allow you to do to cycle through 
operation options (add, subtract, etc.) until you find “FT”. 
 
The pictures below show a pulse, which is what the pulse programmer sends to the magnet.  
When you first turn on the oscilloscope, it may take some adjusting to get the view on the left, 
but just keep fiddling with the zoom and panning until you see a single solid line.  Zooming in 
even further (center it before zooming to avoid losing it off screen) will give you the image on 
the left, which is your pulse.  The pulse duration is the width of this square pulse (time is x-axis). 
 

When you switch the cables around to view the FID, it will look something like this: 
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Photograph by Keith Nelson, Timothy Swager, and
Photograph by Keith Nelson, Timothy Swager, andMariusz Twardowski. Used with permission.
Mariusz Twardowski. Used with permission.



The flat part to the far left is the baseline before the pulse was applied.  The first large spike is 
mostly noise—it contains the pulse you applied, and it overwhelms your signal response until a 
short time later, when you see the second smaller peak next to it (see arrow).  This is the signal 
you will monitor when trying to maximize the FID.  The long oscillation afterwards is the 
difference between your reference pulse and the natural frequency of the proton precessions, and 
is what you will minimize by adjusting the frequency on the pulse generator.  Afterwards your 
signal should look something like this:  

 
Note that the oscillations after the signal are almost completely gone.  Another helpful visual is a 
spin echo:  

 
At this point in the experiment you will have set up two pulses, which are the first two FIDs you 
see here.   The last signal, which lacks the spike characteristic of a pulse sent to the instrument, is 
your echo!  The echo can be much less pronounced that what you see here, but you will know to 
always look for it at the same distance from the second pulse that the second pulse is from the 
first.  If that doesn’t seem obvious, review the process that causes the echo.   
 
Finally, this is what a FT of your signal should look like:  
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Note how broad this peak is (and how poor the signal-to-noise is) in comparison to the nice sharp 
peaks you see in the 300 MHz experiment!   
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17



	  
• 

	  

Adjust	  the	  magnetic	  field	  frequency	  Z0	  shim	  (units	  

deu
The	  

te
greater	  
rium	  resonance	  field.	  

the	   number	   of	   sine	   waves,	   the	   poorer	  
are	  H

the	  
z),	  until	  

match	  
a	  sine	  

of	  
wave	  
Z0	   wi

is	  
th
seen.	  	  
	   the	  

	  
	  

18



• If	  the	  lock	  is	  near	  resonance,	  the	  wave	  looks	  like:	  

	  
• 

Po
If	   the	  

show
wav
w
e
er

	  

amplitude	  
2

is	   too	   low,	   increase	   the	   ,	   and,	   if	   necessary	   the	  

	  

le
n	  
ngth
until	  
	   is
the	  
	   seen,	  

signal	  
and	  
is	  
t
between	  
hen	  

50%	  and
Lock	   ain

,	   	  100%
G
.	  	  Continue	  to	  adjust	   	  until	  

Lo
one	  
ck	  

below	  should	  appear.	  	  	  
click	   the	   h ck	   ste

Z0
Lock	   on	   button.	   	   T e	   lo p	   function	  

•
	  
 If
that	  
	  phas

the	  
e	  is
lock	  
	  not	  

signal	  
set	  proper

is	  maximized.	  
ly,	  adjust	  the	  

decrease	  the	  Lock	  Gain.	  
	   If	  
lockphase

	  

the	   signal	  
	  
appears	  
in	  steps	  of	  

to	  
–
be	  
1	  or	  
satu
+1.	  
ra
Y
t
ou
ed	  
	  w
(>=	  
ill	  not

                                         

100),
ice	  

       

	  

2  A too high Lock Power (>40) is saturating the lock signal.  Saturation is signaled by the fact that the lock level is 
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