
Instrumental Analysis  CHEM 4100  Fall 2013 Exam 1             Name________________ 
General, UV-Vis, Fluorescence and Infrared spectroscopy 

1. Calculate the following for a γ ray with a wavelength of 2.3 x10
-9

 cm. !
a. frequency !!
b. energy in joules !

2. Calculate the wavelength of the Sodium D line at 589 nm in an aqueous solution having 
a refractive index of 1.25. !!!!!!

3. The acid base indicator HIn has the following equilibrium expression: 
HIn ⇄  H+

 + In
-
     

!
In a 0.1M NaOH solution, all of the indicator is present in the basic form. 
In a 0.1M HCl solution all of the indicator is present is in the acidic form. !!
The following data was obtained for a 5.2 x 10

-4
 M solution in either 0.1M HCl or 0.1M NaOH. !

0.1 M NaOH A
450

 = 0.521 A
570

 = 0.056 

0.1 M HCl  A
450

 = 0.125 A
570

 = 0.755 

!
a. Calculate the molar absorbtivities for In- and HIn at 450 and 570 nm. !!!!!!
b. Calculate the acid dissociation constant for the indicator, if a pH 6.2 buffer containing a small 
amount of the indicator exhibits a an absorbance of 0.223 at 450 nm and 0.512 at 570 nm. !!

Some equations: 
E = hν                                      
F = -ky 
ν = 1/λ                                     
ν=wavenumber  
vibrational frequency of the molecule: νm  = (1/2π)(k/µ)1/2 

ƒ= 2νm    ƒ= frequency of interferogram, νm = frequency 
of the radiation 
       c 
Δν = 1/δ       
P(δ) = 1/2 P(ν)cos2πƒt 
A= εbc 

E= hν	

ν = c/λ	

sinθ= n 
sin     n

1
  

nλ=d(sin i + sin r) 
T = P 
       P

0 
Some constants: 
h = 6.626 x 10-34 J s 
c = 3.0 x 108 m/s 



!
4.  (24 points)  Fully describe how the following parts of our FT-IR spectrophotometer 

function to produce a spectrum.  Express your answer in complete sentences organized 
into paragraph form. Use drawings when appropriate, and be sure to label everything 
clearly.  You can use the back of this page, if needed.  !

a. Michelson interferometer 
b. Attenuated total reflectance sampling accessory 
c. Data processing by Fourier Transformation !!!!!



2. !! !!!!!!!!!!!!!!!!!!!!!!!!!!!
5. What is the force constant for the C-H stretch? !
6. Using what you have learned about Beer’s Law, explain why the C-O stretch for a 

carbonyl is always more intense than the C-H stretch for an alkane. !!!!!!!!!!!!!!!!!!!!!!!!!!



7. (10 points) The following molecular stretches may or may not be IR active.  Place the IR 
active stretches in order of increasing wavenumber.  The stretch with the highest 
wavenumber should be on the right.   For the stretches that are not IR active, briefly state 
why. !

"  !
8.  Using the following spectrum, label all of the functional group stretches/bends. 

CH2 CH2

O

CH2

CO2

O3

N2

NO

symmetric C-C stretch

symmetric C-H stretch

symmetric C-O stretch

Symmetric O-O stretch

N-N stretch

N-O stretch




