Exam I for Chemistry 309 Fall, 2002

Spectroscopy theory and applications
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Useful stuff:

R = 8.314 J mol-1 K-1





1 Amp = 1 C/ s

h = 6.626 x 10-34 J s





1 J = 1kg m2 s-2

NA = 6.023 x 1023 mol-1




1 J = 1 C V

F = 96,485 C / mole of electrons

1 eV = 96.485 kJ/mol



1 kcal/mol = 4.184 kJ/mol

KE = ½ mv2 
½ mv2 =  h - 

E = h = hc/ = hc
[image: image6.png]RED MEAT

ve been vorkin' o this idea for a haror
mova called, Th Mashed Ptalo Monstr Dependin on wat kind of gy
they use for th speial efcts,





c0 = c1A0 / (A1 – A0)

F = 2.303 k’  P0 b c, where k’ is related to the quantum yield

A= bc = –log(P/P0)


F = kc

n = c/vi

n2/n1 = sin(1)/sin(2)

Wavelength
color absorbed

color reflected

400

violet


yellow

450

blue


orange

500

blue-green

red

530

yellow-green

red-violet


550

yellow


violet

600

orange – red

blue-green

700

red


green
Multiple choice (40 points) Choose the best possible answer(s) to the following questions

1.
Which of these techniques is suitable for quantitative analysis?

a.
atomic emission spectroscopy

b.
atomic absorption spectroscopy

c.
uv/vis spectroscopy

d.
fluorescence spectroscopy

e.
none of these

2.
In which of these solvents would you expect the highest quantum yield for 
fluorescence for the PAH phenanthrene?

a.
CH2Cl2
b.
CCl4
c.
pentane

d.
hexane with 2% bromoform

3.
One of the rotational constants for CH3I is 164.2 GHz. What is the value of this 
constant in wavenumbers?

a.
547

b.
5.47

c.
5.47 x 10 -7
d.
5.47 x 10-9
4.
In a certain absorbance experiment, 28% of the light is absorbed.  If the 
concentration of the sample was doubled, what % of the initial light would then 
be absorbed?

a.
36%

b.
9%

c.
48%

d.
3.2%

5.
Consider the photometric titration curves shown below. Which of these is consistent with a titration in which the titrant and reactant do not absorb, but the product does not.
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a.

b.

c.

d.

e.
none of these

6.
Which of these processes are considered non-radiative transitions? (circle all that 
are)

a.
intramolecular vibrational relaxation (IVR)

b.
external conversion (EC)

c.
phosphorescence

d.
intersystem crossing

e.
fluorescence

f.
emission

g.
internal conversion

h.
absorption

7.
If a grating on a certain monochromator is set to pass 600 nm light, which of the 
following lines will also be passed (circle all that are true)

a.
1200 nm

b.
1000 nm

c.
800 nm

d.
400 nm

e.
300 nm

f.
250 nm

g.
200 nm

h.
150 nm

8.
Which of the following compounds would you expect to have the lowest 
frequency absorption?
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b.

c.

d.

9.
In question 8, which of the following transitions would be most likely to be useful 
for quantization? (circle all that apply)

a.
(
*
b.
(
*
c.
(
*
d
(
*
e
n   (
*
f.
n   (
*
10.
What is your favorite electromagnetic radiation – related song?

a.
Over the Rainbow – Judy Garland

b.
Rainbow Connection – Kermit the Frog

c.
Great Balls of Fire (heat is still light) _ Jerry Lee Lewis

d.
She Dreams in Infrared – Queensryche (this is a real song)

e.
write in _____________________________

Problems and other Goodies (60 points)

11.
(10 points) We discussed in class that stray light can alter the value of the 
absorbance measurement.  If the true absorbance of a sample is 2.00, what 
absorbance would be measured with a spectrometer that has 1% stray light at 
the measurement wavelength? (remember, that the stray light affects both the 
initial and final intensity)

A= 2.00

%T = 0.01 =   1 / 100

now if 1% stray light then.... 1+1/100+1 = 2/101 

-log (2/101) = 1.70

12.  
(10 points) Tetracycline is an important antibiotic.  When allowed to stand in acid 
solution, a reversible reaction known as epimerization occurs. The epi-form of the 
drug is inactive, thus it is important to know the ratio of tetracylcine to 
epitetracycline in an unknown mixture.  Use the following information to analyze 
the components of an unknown mixture of tetracycline and epitetracycline, that is, 
give the ratio of tetracyline to epitetracycline.


Path length = 1.00 cm


Tetracycline  

(254 nm)
ε = 16,000



          

(267 nm)
ε = 19,000


Epitetracycline 
(254 nm)
ε = 16,000





(267 nm)
ε = 15,000


Unknown

(254 nm)
A = 0.795





(267 nm)
A = 0.850

A254 = eTbcT + eebce
;  0.795 = 16,000cT + 16,000ce
ce= 4.969e-5 - cT

A267 = eTbcT + eebce
;  0.850 = 19,000cT +  15,000ce



   0.850 = 19,000cT + 15,000(4.969e-5 – cT)




   0.850 = 19,000cT + 0.745 – 15,000 cT




   0.105 = 4000 cT
: cT = 2.625e-5 M





ce = 4.969e-5 – 2.625e-5 = 2.344e-5
13.
(5 points) Sketch the major components of a uv/visible spectrophotometer with a diode array detector. Label each item as specifically as possible, and please include both a specific uv and visible source.

(see class notes)

14.
(5 points) A photomultiplier tube with a Ga-As cathode was listed with the 
following specification:


gain = 4.2 x 106 electrons/photon


where gain represents the number of electrons produced at the anode from one 
photon-induced electron at the cathode.  What would be the current (in A) 
generated at the anode if photons hit the cathode at a rate of 106 photons/sec 
assuming that the conversion to electrons is 100% efficient.

4.2 x 106 electrons/ photons * 106 photons/s * 1.602 x 10-19 C/electron = 6 x 10-6 Amps
15
(10 points)Label the following transitions by 1) name and 2) whether they are 
radiative or non-radiative.
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a
___IC     NR________________
b.
______ISC    NR___________

c
___IVR   NR_________________
d.
______Fluor     R_________

e
___Phos    R_______________

16.
(10 points) When I was a little boy, my Uncle Guido let me watch as he analyzed the iron content of the runoff from his olive ranch.  A 25.0 mL sample was acidified with nitric acid and treated with an excess of KSCN to form a red complex (KSCN itself is colorless).  The solution was then diluted to 100.0 mL and put into a variable pathlength cell.  For comparison, a 10.00 ml reference sample of 6.80 x 10-4 M Fe3+ was treated with HNO3 and KSCN and diluted to 50.0 mL.  The reference solution was placed in a cell with a 1.00 cm pathlength.  The runoff sample had the same absorbance as the reference sample when the pathlength of the runoff cell was 2.48 cm.  What was the concentration of iron in Uncle Guido’s runoff.

10.00 ml reference 6.80 x 10-4 M   1:5 dilution = 1.36 x 10-4 M

Aref = Asample



e(1.00)(1.36 x 10-4 M) = e(2.48)(x)



x = 5.48 x 10-5  = concentration of sample in analysis solution.


25ml to 100 ml is 1:4 dilution, so need a 4:1 concentration to get original sample

5.48 x 10-5 M * 4 = 2.19 x 10-4 M.
17.
(10 points)  Clearly label 5 of the six following processes encountered in atomic absorption spectroscopy: (if you answer all six I will grade the first 5)

FeCl3 (solution)
(
FeCl3 (aerosol)
________nebulization__________

FeCl3 (aerosol)
(
FeCl3 (s)

________desolvation___________

FeCl3 (s)

(
FeCl3 (g)

________vaporization__________

FeCl3 (g)

(
Fe(g) + 3 Cl(g)
________atomization___________

Fe (g)


(
Fe+ (g) +  e–

________ionization____________

Cl (g)


(
Cl*(g)


________excitation___________
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