
Exam III and FINAL


Take Home


Fall 2002 Instrumental Analysis

1.
You may consult any inanimate object (that is not shared or contain stored information between students) you so desire.

2.
You may consult any dog, cat, parakeet, or other non-human animate object.

3.
You may consult me, or with my written permission, consult another human.

4.
The exam must be written in Word or Word perfect and presented in a printed format.  

5.
The due date is Friday Dec. 13.  You may turn it in earlier if you so desire.

(25pts) Problem 1.

In the ASV experiment you found very large background currents which affected the calculated limit of detection.  The peak to peak variation of the background current measured on the blank 30 mL solution was from -0.032 to 0.032 mA centered on 0mA.  40 microliters of 1000 ppm Pb added to 30 mL solution gave a signal measured from 0 mA of 0.0305 mA.  A total of 60 microliters of 1000 ppm Pb standard added to 30 mL solution gave a signal measured from 0 mA of 0.0508 mA.

a.
Given the sample data what is the LOD in terms of signal and in terms of ppm Pb?

b.
The current for lead in ASV film electrode follows the equation:
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Define the terms in this equation.

c.
As I see it, you have four obvious options for increasing your signal, ip, for lead which, in turn, will lower your limit of detection.  List the four, choose one, and justify your choice.  Be careful, I may be tricky here!!!  This is one of the few times that I think that you have only one correct answer. 
d.
We have resorted to deconvoluting data in the past (fitting a Gaussian) to the analytical signal to get a signal that is independent of the background.  Would that work for ASV?.  In order to answer this I will want a rational discussion of the physical reality that would make the assumption of a Gaussian (random error) curve for the peak signal correct.

(25pts) Problem 2.

Go to any scientific literature data base and find one example of a separations quantitative (like GC, HPLC, EC) analytical (as opposed to preparative) method for lead.  Get the article and attach it to your exam.

a.
What is the chemistry associated with the separation?  Does it depend upon complexation, if so what makes it selective for lead?  Does it depend upon pH, if so how and in what way?  Does it depend upon phase transition, if so, in what way and how is the transition modulated?

b.
What are the mechanics of the separation?  Packed phase, liquid bonded phase, wall coated?  What is the mobile phase?  What drives the motion of the mobile phase?  What instrumentation is required to drive the motion of the mobile phase?

c.
What parts of the instrument will contribute to peak broadening?  What is the N value for this separation?  Do the authors report it?  Why or why not?

d.
What is the method for detection of the separated lead?  Is there any peak broadening associated with the detection?  Is the detection universal or specific solely to lead? 

e.
What is the limit of detection of the method and how did the authors specify the manner in which they calculated it?

f..
What is the selectivity for the method?  Did the authors run a number of different metals to see if they were interferences for lead?

Problem 3:  NMR
Depending on the instrumentation, the sensitivity to NMR detection increases with increasing magnetogyric  ratio γ3, I3 where I is the nucelar spin quantum number, and B03/2.  This means that the sensitivity (signal strength, y axis) depends upon factors inherent to the nuclei and also the the experiment (B0).  To compare different nuclei a new term is define, the receptivity R
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where NA is the relative abundance of the magnetic isotope expressed as a percentage.

To make life even mor complicated R is usually reported as compared to the value for 13C.

Element 
A


I
N.A.%

 Rc

γ

δ



Atomic Number

Natural Abundance

107 rad/(sT)

ppm

H


1

1/2
99.985

5670

26.752
1-13

C


13

1/2
1.108


1

6.7283
0-220

F


19

1/2
--


4730

25.181
0-800

S


33

3/2
0.75


2.1

10.839


Pb


207

1/2
22.6


11.9

5.62



1.
What should be the relative signal (y axis) of lead to proton (independent of the permanent magnetic field of the instrument)?

2.
Your final Pb/EDTA NMR spectra used 16 coadded spectra to achieve your final S/N.  Assuming that the noise of the instrument stays the same, how many more spectra will you have to co-add to achieve a similar signal to noise ratio if you were looking at Pb207 for the Pb/EDTA complex?

3.
Now turn your attention to the x axis of this thought experiment.  

It is possible to do NMR on lead 207.  In your lecture notes you have information on the magnetic susceptibility of lead.  Given the magnetic susceptibility of lead 207 and using a 4.69 Tesla permanent magnet, assuming that the shielding of lead is small (0) at what frequency should lead 207 be measureable?  Where would the frequency be if the magnet was 2.11 T?
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4.
Your calculation in 3.3 shows that the frequency shifts with the tesla of the experiment.  To normalize for the variation in the x axis (frequency) as a function of the experiment (permanent magnetic field, or T) the x axis is converted:
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5.
If our assumption that σ for lead is 0 then the chemical shift for lead relative to proton should be small.  Why, then are they so large as shown in the above table? 

6.
Given the very large chemical shifts expected what kind of instrument would be required to make reasonable measurements (I.e. does the permanent magnet used affect the chemical shifts measured?)  (This could be a trick question).

(25pts) Problem1.
In class we did a Aback of the envelope@ calculation for the LOD of the ICP-MS.  We found that at a flow rate of 1 mL/min a 1 ppm Co solution (1 ug Co/1 mL= 0.0169x10-6 x6.03x1023 atoms = 1.23x1016 atoms/minute=2.84x1012 atoms/sec) gets ionized.  The number of ions ionized is calculated by the Saha equation and is some fraction of the total atoms based on the ionization potential (Co is 7.86 eV).  In your lecture notes you have a table which show the fraction of Co ionized at 7500K (plasma temperature) as being 93%.  Thus we anticipate that there should be approximately 1012 ions/s moving out of the the plasma.   The atmospheric pressure is dropped in three stages through the ICP-MS from 2 mbar to 10-6mbar in order to remove the Argon gas carrier phase which presents background and in order that each ion within the quadrapole moves with a mean free path that is independent of other ions.  If we assume that our 1012 Co ions are Adiluted@ by the same fractional pressure drop we arrive at a number of ~ 106 ions/sec moving through the quadrapole to strike the detector for the original 1 ppm solution.

The LOD detection was suggested by the manufacturer of the instrument to be related to the signal obtained in the absence of any solution, determined primarily by the amount of argon ions arriving at the detector.   Argon is present in the absence of any solution as the gas that shapes and modulates the plasma of the ICP-MS.  The signal obtained in the presence of the Argon gas is 5-2010 cps.  

a.)  What is the limit of detection based on the Argon gas background?

b)   Write up a series of steps that my 7th grade son can follow to determine a more realistic LOD.  You do not need to know more instrumental details to answer this question.  You do need to be able to think like an analytical chemist.
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