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1. The total energy of
wavelength of each photon?

¢=2.9979 10 * m/s

three (3) monochromatic photons is 2.94 10773, What is the
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2, Draw a diagram describing 2 spectrophotometer instrument oonﬁguratior)'for eﬁliésion ™y

Show the four main parts of the system: L o

and excitation méasuremerrts.

e /\

3. Absorbance is A = 0.412 . What is the transmittance T in % 7
- ~O4I
o

4. A sample with an unknown quantity of an analyte with 2 molecular mass of
71.24g/mol was dissolved in 250mL of ethanol. Then 5.0mL was withdrawn and diluted
to 200mL. The spectrum of this sofution exhibited a maximum absorbance of 0.642 units
at 554nm in a 2cm cell. The molecular absorbance , e, is 423 Mlem™?. What is the mass
of the analyte in grams? P
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[image: image2.png]5. Which of the following corresponds to each other?

a) IR LIGHT

b) VISIBLE LIGHT

¢) microwaves and RF waves

d) X-rays

write the corresponding letters a-¢ in empty space down here:
C/ ..................... molecular rotations

........... K .................molecular vibrations

............ Ay seervrecinennnn. ... valence electros transitions
........... Do inner electrons transitions

6. After you fill a cuvette with the solution you need to do these two operations:

7. Which is CORRECT
a) A yellow photon has more energy than a green one.
gamma photon is about 0.001m long
C/;Ic:)?mission is a process where a photon is generated -
Spectrometry can be used only for qualitative chemical analysis
) None is correct R

=

8. You perform calibration for absorbance measurement with a standard solution that
shows following transmittance for these concentrations:



[image: image3.png]T (transmittance %) : Concentration of analyte:

51.23 Blank no analyte
39.81 0.0IM
31.62 0.02M
25.12 0.03M
19.95 0.04M
15.85 0.05M

Write down the values for x and y that will be used to obtain calibration curve by using a

liner square fit program:

Draw a simple figure with points (x,y) and a linear calibration curve

Using that figure and your calibration function line show on the figure what is
approximately the concentration for the unknown that has absorbance A=0.3.
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[image: image4.png]4-1. Explain why it is that molecules have broad absorption spectra. Make sure that you
carefully set up your thesis sentence and then have your defending statements written in a clear
fashion so as to support the thesis sentence of your paragraph explanation.

The absorption band width is associated with the distribution of energies associated with
a given type of transition in a molecule or an atom and is a function of the events associated with
the transition(s) in the molecule or atom. Thus, in atomic species, the band widths of the
electronic absorption bands are very narrow due fo the fact that the only transition that will be
caused by the absorption of light is the promotion of an electron from the ground electronic state
(GES) to an excited electronic state (EES); there are no other energy states that would add to the
breadith of the absorption band. In molecules, on the other hand, absorption of UV-Vis light
results in promotion of an electron from the ground electronic state (GES) to an excited
electronic state (EES), but due to the various rotational and vibrational energy states that lie
within a given GES, the electrons reside in a variety of energy states. This distribution of energy
states leads 10 a broad absorption spectrum due fo promotion of electrons by different energy
photons. Thus, there will be a distribution of the initial and final energy states that are occupied
before and after absorption of light. Recalling that E = hv, we see that a spread in the E will
result in a spread in the frequency of the light absorbed.

4-2. Why is it that a double-beam instrument gives “better” data? That is, why is it that a double-
beam instrument gives better responses than a single-beam instrument?

The almost simultaneous measurement of the blank/reference signals allows for
minimization of problems associated with power fluctuations to the detector and source. This
almost simultaneous measurement is achieved using a chopper, or a rotating half-mirror
assembly. Rotation of the half-mirrored chopper allows light to pass to the reference cuvette
when the mirror is in the path of the light beam, and light travels to the sample cuvette when the
mirrored region is not in the path of the light beam from the source/monochromator. This rapid
switching of signal measurement between the sample and reference allows for rapid and more
reliable measurements to be achieved. Such instruments also make use of a scanning
monochromator and a result, very fast spectroscopic events (kinetic measurements) can be
monitored at a variety of wavelengths.

4-3. Draw a block diagram for a simple, fluorescence spectrometer. Make sure to label all
components (do not use acronyms). Note: you should be able to do this for all other spectral
techniques we have discussed in this section of material.
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The detector must be at 90 degrees to the light source in order to allow for measurement of light
emitted from the sample. Recall that it would be near impossible to detect the isotropically
emitted fluorescent light if it were mixed with the intense light from the source. ’

4-4, What kind of source, wavelength selector, solvent, cuvette and detector would you choose
for the following experiment. You wish to measure the absorbance of a band at 280 nm for a
water-soluble protein (this electronic transition is associated with aromatic transitions) as a
function of time as it is degraded by an enzyme that destroys aromatic molecules. The kinetics of
the degradation reaction are known to be exceedingly fast.

In general, I would use a double-beam spectrometer due to the rapid natre of the
kinetics and I would use a D, or Xe lamp for the source, a monochromator for the wavelength
selector, water for the solveni, a quartz cuvette and a photomultiplier tube (PMT) for the
detector. The rationale for the use of the lamps chosen is that one needs UV light,and both lamps
denoted above have intense outputs in the 200-300 nm range. A monochromator would be best
due 10 its ability o provide isolation of a select energy. Water must be used as solvent due to the
solubility of the protein, and quartz must be used for the cuvette material due fo the need for
optical transparency in the UV (glass and plastics would absorb light at 280 nm). The PMT is
Dest versus the photovoltaic due to the low errors of concentration at relatively high absorbance
values.

4-5. You are in the lab and you make absorbance measurements of an analyte at a series of
concentrations ranging from 0.08 absorbance units to 1.95 absorbance units (10 different
concentrations). You then measure the absorbance of two unknowns and find the absorbance
values to be 0.05 and 5.00. Your lab mate tells you that there is something wrong with just using





[image: image6.png]the linear least squares equation from the calibration curve and placing the absorbance values
of the unknowns in the equation to find the concentrations of the two unknowns, Why is this?
What are all of the possibilities? How would you correct these situations?

There are two problems with this situation. The first is that the unknown with 0.05 AU is
too small a value to use with the calibration curve because the value does not Jall within the
range of values for the standards used to construct the calibration curve, Secondly, the unknown
with the 5.00 AU value is too highly concentrated and most likely exhibits problems associated
with deviations from Beer’s law. You might also mention that at high absorbance values the
possible use of a photovoltaic detector would lead to huge errors in concentration, but we do not
know what type of detector is used, so I would just stick with the Beer’s law problem. In order to
determine the concentrations of the two unknowns, dilution of the least concentrated standard by
say a factor of 2 should give an absorbance value (once measured after the dilution) of 0.04,
which would allow the use of the new calibration curve to determine the concentration of the
0.05 AU sample, Next, dilution of the 5.00 AU sample by a factor of 10 and subsequent
measurement of the absorbance should give a value of about 0.5-0.8 AU; the apparent
concentration would then be calculated from the calibration plot and then the initial
concentration (before dilution) calculated by multiply





