
Chem 454 – instrumental Analysis – Exam 2 – March 5, 2008
1] Raman Active stretches are a result of changes in:
Redox potential
Dipole Moment
Polarization
Intersystem Crossing
Overpotentials

2] Spectral absorbances in the near-IR region are a result of
a) Δν = 1
b) Δν > 1
c) Δν < 1
d) Δν = 0
e) Δν = -1

 (
1
2
3
)













F = fluorescence; P = phosphorescence; E = excitation

3] In the diagram taken from your text (above) the three labeled regions represent
1-F, 2-P, 3-E
1-P, 2-E, 3-F
1-E, 2-P, 3-F
1-P, 2-F, 3-E
1-E, 2-F, 3-P
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Questions 4-8 regard the figure above

4] In the diagram above which of the following represent vibrational relaxations?
a) 5
b) 7
c) 1
d) 8
e) 4

5) Which of the following represent an absorbance?
1
2
3
4
5


6] Which of following represents an emission?
1
2
3
4
5


7] Which of the following is an intersystem crossing?
2
1
8
5
4

8] Which of the following is a forbidden electronic state transition?
 S2  S1
S0  S1
S1  S0
T1  S0
None of the above






9] The block diagram above is a representation of
a) FT-IR
b) photodiode array
c) CCD
d) scanning IR
e) potentiostat

10] Which of the following is a form of white noise?
a) shot noise
b) flicker noise
c) 60 Hz
d) W lamp
e) rap & C+W music

11] Which of the following is a form of environmental noise?
a) shot noise
b) flicker noise
c) 60 Hz
d) W lamp
e) thermal noise

12] Why is spectrofluorometry potentially more sensitive than spectrophotometry?
a) the absorbance, A is not subject to shot noise
b) the absorbance, A is proportional to P0, whereas the analytical signal, F is proportional to the ratio P0/P
c) the analytical signal F is not subject to 60 Hz noise
d) the analytical signal, F is proportional to P0, whereas absorbance, A is proportional to the ratio P0/P 
e) the absorbance, A is subject to 60 Hz noise 





		I				II							

13] Which of the compounds above are expected to have greater fluorescent signal and why?
	a) compound I because its longer lived triplet state
	b) compound II because of collisional deactivation
	c) compound I because of great structural rigidity
	d) compound II because of great structural rigidity
	e) compound I because of collisional deactivation
	




Questions 14-17 are based on the diagram above. If needed ask the proctor to draw benzene and biphenyl on the chalk board.


14] Which of spectra is most likely Na vapor?
a)
b)
c)
d)

15} Which is most likely biphenyl in hexane?
	a)
	b)
	c)
	d)


16] Which is most likely benzene in hexane?
	a)
	b)
	c)
 	d)

17] Which is most likely benzene vapor?
	a)
	b)
	c)
	d)


18] The diagram above is a representation of
	a) UV-vis absorbance spectrophotometer
	b) Scanning IR
	c) FT-IR
	d) Fluorometer 
	e) monochrometer






19] The diagram above is a representation of a
	a) FT-IR
	b) CCD spectrometer
	c) PDA spectrometer
	d) Scanning IR
	e) Scanning UV-vis spectrophotometer

20] A Beer’s law measurement was made at 355 nm on a 9.00 mL sample with analyte X. Its absorbance A, was found to be 0.200. A spike of 1.0 mL of 1.00 mM compound X was made on that sample and A was found to be 0.250. What is the concentration of X in the sample?
	a) 5.00 mM
	b) 1.00 mM
	c) 0.500 mM
	d) 0.286 mM
	e) 0.132 mM

Exam 2 2008 Answers
C
B
E
D
A
2
D
D
B
A
C
D
D
A
D
C
B
C
B
D
0.200/0.250 = x/{(1/10)1.00 + (9/10)x}
X = 0.286 mM 

Exam 2 – Chem 454 – March 8, 2006
1] Draw a Jablonski diagram and clearly label the following (10 points):
Vibrational Relaxation
Absorption
Fluorescence
Phosphorescence
Excitation

2] Why is the phosphorescence lifetime longer than the one for fluorescence? (5 points)

3] What are flicker, 60 Hz, and shot noises, how does appear in a power density vs. frequency spectrum. (12 points)

4] Why do methods based on fluorescence have generally a lower limit of detection than those based on absorbance? (5 points)

5] What is a disadvantage of using fluorescence as opposed to absorption? (5 points)

6] What is the difference between atomic emission and atomic fluorescence? (5 points)

7] What is Doppler broadening in AA spectroscopy? (10 points) 

8] What are the refractory oxides? Name two examples. Why are they are a problem in AA spectroscopy? (8 points)

9] How does the graphite furnace AA spectrometer achieve a lower limit of detection than the flame AA one? (10 points)

10] Describe two reasons as to how ICP-AE achieve a much lower detection limit than flame AE. (10 points)

Take home assignment. 

11] The following problem is to be completed by 1:30 pm March 9th.  Submit your answer to me by email (ifcheng@uidaho.edu). This is NOT a team project and the work presented should be of your own. Please type up your answers in a logical short report format. Do not send me a raw spreadsheet and expect me to fill in what you’ve done, think instead of a memo that you will present to your future boss and/or grant administrator. (20 points)

Analysis by flame AA spectroscopy was conducted on an archeological sample consisting of pottery shard for cadmium. The 2.3451 g shard sample was digested by addition of 2-mL of 40% HF and 2-mL of 65% HNO3. This sample was then diluted to 25.00 mL with doubly distilled water. A standard addition analysis was conducted with the treated sample. Aliquots of 1-mL of the treated sample were added to 5 10-mL volumetric flask. The following volumes of 200 ppm Cd(NO3)2 standard solution were added followed by dilution to the 10-mL mark. The flame AA signal for measured for each and summarized below:


	vol spike (mL)
	signal

	0
	0.156

	1
	0.272

	2
	0.397

	3
	0.511

	4
	0.626



Part a) What is the concentration of Cd in the pottery shard (in ppm)?

Part b) What is the uncertainty for that answer in Part a?

Exam 2 2006 Answers
1] 
 (
Excitation
(Absorbance)
Fluorescence (10
-7
 s) 
Phosphorescence (10-4 s)
IS
S
1
S
0
T
1
EC
EC
VR
VR
VR
VR
F
P
S
2
IC
)
2] The relaxation route for phosphorescence goes through a spin forbidden triplet to singlet transition, whereas the one for fluorescence goes through a singlet to singlet transition.

3] 	Flicker – Is low frequency noise whose origins are not clearly understood.
Shot Noise - Arises from the statistical flucuations across electrical junctions, e.g N-P juction of a transistor. It occurs at all frequencies. 
60 Hz – Is a form of environmental noise that comes from AC wiring.

 (
f
, Hz
Watts/Hz
0, DC
60
120
Environmental Noise
1/f Noise
Johnson (thermal) and shot noise
)










4] 
The intensity of the fluorescence signal is directly proportional to the power of the incident radiation source (P0).

I = kP0c
The signal in optical absorbance is due to a ratio of the emergent beam power relative to the incident one.
	A = - log (P/P0)

Increasing beam power will increase signal in fluorescence unlike absorption.
Fluorescence is a scattering technique. The signal is measured outside of the axis of incident beam and therefore without the background of that beam. This background is inherent to absorption techniques.

5] There could be many, I must read and consider your answer. One obvious problem is that fewer molecules fluoresce when compared to the absorption phenomenon. 

6] 	AE – is based on the relaxation of atomic electrons that are promoted by flame temperature.
AF – based on the relaxation of atomic electrons promoted by an external radiation source.

7] Doppler Broadening – chaotic motion in the flame itself will cause some atomic species to move away or closer to the detector. This causes line broadening as the AA and AE lines now assume a band of frequencies as opposed to a single frequency.
 (
P
0
Detector
P
“Red” shifted
movement
 away from detector
Blue shifted movement towards detector
)











8] The refractory oxides are the translucent heat-stable forms of the metal/metalloid oxides that cause light scattering within the flame. This is an non-absorption route for the decrease in the power of the emergent beam, and thus adds to the background. Examples: Al2O3, SiO2, B2O3, SnO2…

9] A detailed discussion of the GFAA or of flame AA is not needed. It is simply based on the GFAA creating a nearly instantaneous plume of concentrated analyte as opposed to the flame AA which requires a constant feed of sample solution into the flame.

10] Higher temperatures with the plasma increase the population of excited state atoms. (see the discussion on the Boltzmann distributiuon)
Higher temperatures within the plasma are better able to break up the refractory oxides.

11] Part a)

Find the x-int:
0 = 5.895e-3 (x) + 0.1566
x = 26.56 ppm
26.56 ppm (10 ml/1 ml) = 256.6 ppm in the 25-mL treated sample solution.
(256.6 g Cd / 1e6 g solution) * 25 g solution = 0.006415 g Cd
(0.006415 g Cd / 2.3451 g shard sample) * 1e6 = 2735 ppm Cd in pottery shard


Part b) You can use the spreadsheet I distributed to you earlier:
	vol spike (mL)
	conc spike in sample (ppm)
	signal
	x^2
	difference y-y(line)
	d^2

	0
	0
	0.156
	0
	-0.0006
	3.6E-07

	1
	20
	0.272
	400
	-0.0025
	6.25E-06

	2
	40
	0.397
	1600
	0.0046
	2.12E-05

	3
	60
	0.511
	3600
	0.0007
	4.9E-07

	4
	80
	0.626
	6400
	-0.0022
	4.84E-06

	
	
	
	
	
	

	sum
	200
	
	12000
	
	3.31E-05


 Equation A:

 
n is the number of data points, m is the slope, D is as follows (5-5):


sy is the standard deviation in the y-axis. It calculated as (5-7) where d is the difference between the least squares fitted line and the data point.

	

Now for 
Plug into A


So the x-int with uncertainty is
x = 26.56 ppm ± 0.64
in relative uncertainty its
x = 26.56 ppm ± 2.4%
The final answer is 2735 ± 2.4% ppm Cd in pottery shard
Problem 11 Exam 2 2005) An unknown element X was analyzed by AA spectrometry. The unknown was mixed with a 985.0 µg/mL standard solution of X. The results are reported below.
	Volume of unknown (mL)
	Volume of standard (mL)
	Total volume after dilution (mL)
	Absorbance at 566 nm

	10.0
	0
	100.0
	0.112

	10.0
	5.00
	100.0
	0.492


What is the concentration of that unknown? (10 points)

Answer to Problem 11, Exam 2, 2005
A = ebc
0.112 = (10.0/100.0) ebcx		0.492 = (10.0/100.0) ebcx + (5.00/100.0) ebcs
With cs = 985.0 ppm
cx = 145 ppm



Extracted From Exam 2 2002
25 questions @ 4 points each
1] Describe the differences between phosphorescence and fluorescence.   Which would you expect to have the longer lifetime and why?
2] A GC analysis of trichloroethylene was conducted with a chlorobenzene internal standard. The 10.5 ppm trichloroethylene solution with 6.80 ppm chlorobenzene gave signals of 1,266 and 909 respectively.  An unknow solution of trichloroethylene and 7.20 ppm chlorobenzene gave signals of 844 and 954 respectively. What is the concentration of trichloroethylene in that sample?
3] Label what you expect to be the excitation and emission spectra of anthracene below.








4] Why you might expect anthracence to be efficient at fluorescence emissions.
	












5] The block diagrams describe the instrumentation for atomic spectrometers. Label each for the technique normally associated with it.

6] What purpose or purposes does the flame serve in the techniques in question 5?
7] The Doppler phenomenon in atomic spectroscopies give is the basis for:
8] Why does the graphite furnace hold an advantage over flame AA in terms of detection limit?




Exam 2002 ANSWERS

1] 	Phosphorescence T => S transitions, spin forbidden, longer lifetimes
Fluorescence S => S transition


2] 	10.5 ppm/1266 = F (6.80 ppm/909);	F = 1.11
x/844 = 1.11 (7.20 ppm/954); 		x = 7.07 ppm

3] 










 (
Emission
) (
Excitation
)




4] Because it has an extensive -bonding backbone and its relative molecular rigidity
5] 	A]  AE		B] AA		C] AF
6] Atomization for all three, also excitation for AE
7] line-broadening
8] Because the atomic vapor plume formed by the furnace is more concentrated in atomic vapor than the constant feed of flame AA

Spectrophotometric Analysis of Phosphate

Standard Solution:	Na2HPO4(aq) (MW 141.959) 91.2 mg in 0.250 L.
Other Solutions:	Na2MoO4 (MW 205.917) 1.5121 g in 50.0 mL 5 M H2SO4
			H3NNH32(aq)- (MW 34.061) 0.1488 g in 100 mL.
Derivatization of phosphate to a chromophore: A 1.00 mL aliquot of the molybdate solution was mixed with 0.100 mL of the standard solution heated slightly until a blue color change, cooled to RT then diluted to 5.00 mL. The absorbance was measured and found to be 0.854. A blank run in the same manner was found to be 0.028.
A 0.1352 g geologic phosphate unknown was treated with 1.00 mL 5 M H2SO4 releasing PO43-. A 0.300 mL solution of this solution was treated as above and its absorbance was measured at 0.764. A blank yielded 0.019.
What is the percent phosphate in the sample?


Answer
Must calculate e for blue product first.
	[PO43-] = 91.2e-3 g *(mol/141.959) * (1/0.250 L) = 2.70e-3 M PO43-
After dilution
	[PO43-]diluted = 2.70e-3 M PO43- * (1.00 mL/5.00 mL) = 5.140e-4 M PO43-
A = ebc		e’ = eb = A/c
	A = 0.854 – 0.028 = 0.826
	e’ = 0.826/5.140e-4 = 1.607e3
Now find [PO43-] in 0.300 aliqout of sample:
	c = A/e’ = (0.764 – 0.019)/ 1.607e3 * (5.00/0.300) = 7.727e-3 M
mols and grams of PO43- in geologic sample
	7.727e-3 M * 0.00100 L = 7.727e-6 mols PO43- 
	7.727e-6 mols PO43- * (94.971 g/mol) = 7.338e-4 g
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