CHEM 221
Instrumental Analysis

EXAM #1
February 12, 2003

Name:

INSTRUCTIONS: Read through the entire exam before you begin. Answer all
of the questions. For questions involving calculations, show all of your work --
HOW vyou arrived at a particular answer is MORE important than the answer
itself!

The entire exam is worth a total of 200 points. Attached are a periodic table and
a formula sheet jam-packed with useful stuff!

Good Luck!

“I'm on the verge of a major breakthrough, but I'm also at that
point where chemistry leaves off and physics begins, so I'll have
to drop the whole thing.”



1. You are a supervisor in a laboratory which focuses on the determination of trace and
ultra-trace levels of toxic substances in water samples. Usually, for the determination
of Pb in water, a Graphite Furnace Atomic Absorption Spectrophotometer (GFAAS) is
used but, since it was down for repairs, one of the technicians that you supervise
decided to use the operable Flame AAS instrument. After establishing that
absorbance varied linearly with the amount of Pb, the following absorbance value
data (for 5 replicate measurements) were obtained for a blank and for a sample
submitted for analysis:

Blank: 0.001 Sample: 0.003
0.002 0.002
0.001 0.004
0.000 0.002
0.002 0.003
average. 0.0012 average. 0.0028

standard deviation. 0.0008 standard deviation. 0.0008

a. (15 pts) Based on the average absorbance value obtained for the sample, the
technician reported that the water sample contained 500 ppb Pb (15 ppb Pb is the
maximum Pb level allowed in drinking water!). As the lab supervisor, you are
ultimately responsible for the analysis results that are reported. Should this result be
reported? EXPLAIN. (NOTE: your response should be based on the above data.
HINT: you may wish to calculate the S/N for the sample data . . . )

b. (15 pts) If a 5000 ppb Pb standard gave an average absorbance value of 0.024,
what would the detection limit (ppb Pb) be for the determination of Pb using this
instrument?



2. (20 pts) The standard deviation for any measurement on the semi-microbalance in
my lab is 5 ug (even though the digital readout goes out to 1 ug). Alas, I need to
measure masses of some microsamples that I expect will weigh pretty darn close to
3 nug and I don't have access to a better (micro) balance. I am not interested in
actually knowing the masses of these samples, rather I would just like to be able to
determine which samples have masses greater than or equal to 3 pg. Suppose I
have a sample that actually weighs 3 ug -- how many replicate weighings do I need
to average in order to conclusively state that the sample mass is > 3 ug (i.e., that a
mass of 3 ug is detectable?)?

3. (15 pts) Sketch the noise power spectrum for flicker noise, briefly explain what
flicker noise is (an example would help here!), and give an example of a S/N
enhancement method that specifically addresses the reduction of flicker noise.



4. Having just accepted a position with a major chemical company, Ms. (soon to be
Dr.) Ima Notakroam Atograffer is interested in fine-tuning her lab skills prior to
starting work. Since she will be working in an analytical separations group, she has
been busy slaving over a hot GC, trying to resolve some straight-chain alcohols (as
well as some of her remaining questions about separation science!). Since you are
the resident chromatographer, you have offered to provide guidance on some of the
issues raised by soon-to-be Dr. Atograffer over the course of her laboratory
investigations.

The following data were obtained for Methanol and Ethanol using a 50.-cm long
column at 200 °C:

Methanol: tr=1.73 minutes W=0.22 minutes
Ethanol: tr=1.90 minutes W=0.24 minutes

An injection of air gave a peak at 0.30 minutes.

a. (10 pts) Calculate the height of a theoretical plate (H) for Ethanol on this
column under these conditions.

b. (10 pts) Calculate the adjusted retention time (tz') for a compound having a
Kovats Retention Index of 184 on this column under these conditions.



c. (5 pts) Calculate the carrier gas flow velocity (cm/min) used to acquire the
above data.

d. (10 pts) What effect would reducing the particle size of the packing have on the
plate height of a column?

e. (10 pts) Based on these data, will a mixture of Methanol and Ethanol be
baseline resolved on this system? (Yes, you must do a calculation in order to get
credit for your answer!)

f. (5 pts). Using the data given, calculate the capacity factor (k') for Ethanol.



g- (10 pts) Suppose the column length was doubled to 100. cm; what effect would
this have on the capacity factor (k") for Ethanol?

h. (10 pts) Calculate the retention time (tr) for Ethanol on the 100.-cm column.

I. (10 pts) Would Methanol and Ethanol be baseline resolved on the 100.-cm long
column? (Yes, you need to do a calculation!)



J- (15 pts) After compiling retention data on straight-chain alcohols from Methanol
to Decanol, Ms. Atograffer attempts to separate a mixture containing ALL TEN of the
alcohols. In her first attempt, she operates the column at 200 °C and finds that it
takes too long for the last alcohol to elute (more than 5 minutes). However when
she increases the temperature to 350 °C to speed up the separation, the first eluting
alcohols are not resolved anymore. Describe the phenomenon she is observing -
base your description on capacity factors (k') and suggest a way in which Ms.
Atograffer can successfully separate all ten of the alcohols in a single chromatogram.

k. (10 pts) While Ms. Atograffer is off at lunch, you decide to do a last-minute
analysis of an environmental sample suspected of containing chlorinated
hydrocarbon residues. What common detector should you use in order to give the
best sensitivity and selectivity for these compounds?



5. QUICKIES (10 points each) - No more than 2 sentences!

a. A gas chromatographic separation of a mixture of polar compounds was
performed on a column having a stationary phase of didecylphthalate, a solvent of
intermediate polarity. If a nonpolar solvent such as a silicone oil had been used as
the stationary phase instead, would the retention times for the compounds in the
mixture be larger or smaller? Why?

b. Why do open tubular columns produce gas chromatograms with significantly
better resolution than do packed GC columns?

¢. Briefly explain how a Fourier Filter would be employed in order to remove an
interference noise component of a signal that occurs at a well-defined frequency (f,).
(i.e., How does it work?)



