Chemistry 4130C

Instrumental Methods of Analysis

Fall, 2010
Problems (After Midterm #2)

1.
The relative abundances of 35Cl and 37Cl are 0.755 and 0.245.  Determine the relative abundances of all isotopic species in molecular ions of chloroform, CHCl3+.  (Assume that all carbons are 12C and that all hydrogens are 1H.)

2.
Determine the mass resolving power, m1/(m2 – m1) required to distinguish between:


(a)  N2+, CO+, and C2H4+ (all at nominal mass 28);


(b)  14N and 12CH2 at m/z = 14 in a molecule of m/z = 290.

3.
In a time-of-flight mass spectrometer with 1.0 meter flight path, an 15N+ ion travels the distance in 6.1 microsec. 


(a) Calculate the accelerating voltage necessary to produce this speed.  


(b) Compute the time it would take for a 14N+ ion to travel the same distance.

4.
Suppose that 14N+ and 15N+ ions are accelerated to 2000 eV.  Calculate the radius of the orbit for each ion in a magnetic field of 0.1 tesla.  Now calculate the radius for m/z = 200 ions at room temperature in a 3 tesla magnet.  Finally, calculate the energy and translational temperature of m/z = 200 ions at 3 tesla at an orbital radius of 1 cm.  [The first calculation relates to a magnetic sector instrument; the second to a thermal ion in a cyclotron, and the third to an ion "activated" for MS/MS experiments in a cyclotron.]

5.
Calculate the ion cyclotron resonance (ICR) frequency (in Hz) for singly charged 3He+, 14N2+, 12C16O+, and the molecular cations of cholesterol (MW ≈ 387 Da) and insulin (MS ≈ 5,800 Da) at a magnetic field strength of 3 tesla.













