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Electrospray Ionization MS Problem Set #2
2. Dr. Thoburn’s research involves supramolecular chemistry of large molecules that can
encapsulate other molecules. Here’s one example:

coronene

empty cage

cage filled with
three coronenes

Fe8L6OTf16

These cages are molecular “cubes”. The cube consists of 8 Fe2+ cations, one each at the 8
corners of the cube. The six sides (“L”) of the cube are made of the following Ni2+–
porphyrin derivative:
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The 8 Fe2+ need to be balance by counter ions, in this case 16 triflate (¯OTf = F3C-SO3¯).
In this project we are looking to see how well coronene fits into the cage.
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Preliminary NMR evidence indicated 3 coronenes were encapsulated. Can we use mass
spec to confirm this?
(a) Consider the following ESI-MS data

From this data we can figure out the molecular mass using the same procedure as in
problem 1. First, determine the charge on each peak. How do you know what the
charge should be? The charge z times the experimental m/z (that’s the x axis) should
approximately equal the MW. The (m/z)obs * z for each peak should give the same MW.
Of course it is not that simple because as the charge is changing, so is the mass, but this
case it is different from problem 1. In problem 1 we created cations by add protons.
Thus, every charge we added also increased the mass by one unit.
In this experiment we do not add acid and we are not protonating the compound.
Instead, we create charge by removing a triflate anion during the electrospray
ionization. The original cube has a charge of 16+ from all those Fe2+, but they are
balanced by 16 ¯OTf. That means what we put into the ESI is a neutral molecule (of
course!), but during the ionization we lose triflate to generate cations. For every triflate
we lose, the charge bumps up by one. (Clever, eh?)
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(a) Write an equation similar to that found in problem 1c, but modify it so that instead
of increasing the mass by z*mH, you are decreasing the mass by z*mOTf at each step.

(b) Using simple algebra re-write your equation in (a) to solve for MW.

(c) In Excel set up a table with 3 columns: (m/z)obs, integer charge (z), and then MW as
calculated in your formula in (b). You’ll have to take an educated guess at the charge.
If your guess is good, the molecular weights will come out the same for all 7 peaks of
your ESI-MS spectrum.
If they’re not similar, that means you have guessed wrong. Copy and paste your table
into a new table, keeping the (m/z)obs the same but change the values of z, and
recalculate the MW. Did the range get larger? If so, you’re moving in the wrong
direction. Try shifting the charges in the other direction.
Iterate this process until the MW becomes reasonably similar. What is reasonable?
Using Excel calculate the averages and standard deviations for each of your tables.
Chose the charge distribution that gives the smallest standard deviation.
(d) On the table below enter the charges, calculated MW (to one place after the decimal),
average, and standard deviation.
(m/z)obs amu

charge

705.88
783.58
876.97
990.92
1133.42
1316.60
1560.58
average
st. dev.

MW
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So we now have a molecular weight for what we think is a host-guest complex (cage + 3
coronenes), but does our experimentally determined MW correspond to empty cage, cage
with one coronene, cage with two coronenes, or cage with three coronenes?
(e) Assume the cube is empty. What is its molecular formula? Yes, this means you have
to count and tabulate all the atoms in the empty cage as shown on p. 4. Count carefully.
You must get the correct number of each type of atom. Remember, scientists do
accurate work!

(f) What is the molecular formula coronene?

(g) What is the molecular formula for the total complex when 3 coronenes are
encapsulated within the cage?

(h) Calculate the molecular weight of the cage and the cage+3 coronenes. To do this you
can either (1) set up an Excel spread sheet with atom type, number of each type, and the
mass of the most common isotope (masses for the isotopes can be found here: https://
www.lfd.uci.edu/~gohlke/molmass/?q=isotopes) . . .
. . . or (2) use the molecular mass calculator found here: https://www.lfd.uci.edu/
~gohlke/molmass/?q=
(i) Did it work? Did we make the right thing? Does the ESI-MS support our claim that
there are 3 coronenes encapsulated in the cage?
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(j) Finally, let’s take a look at some high resolution data. Each of the “skinny” peak in
spectrum on page 5 are a conglomerate of many isotopologues. At this resolution we can
not see the fine isotopic structure.
The MS for the host-guest complex was also done at high resolution using an FT-ICR
MS, that’s Fourier Transform - Ion Cyclotron Resonance Mass Spectrometry (shown
below).

So, s
hift gears. This is not an ESI mass spectrum. You are not looking at a range of species
with different charges. All the peaks seen here have a charge of 7+.
(k) Look at how incredibly sharp these peaks are. We have baseline resolution between
peaks. Calculate the resolving power of this FT-ICR method by estimating the peak
width at half-height and using the mass of any of the peak.

(l) What is the resolving power on our GC-MS here at RMC, which has a typical
linewidth at half-height of about 0.60 amu for peaks at about 500 amu?

(k) In Excel make a table with the (m/z)obs from the graph above (j). (Note: most of the
peaks on the graph have been labeled, but a few are missing labels. You can figure out
the missing labels by interpolation.) Multiple by the charge to get a host of peaks.
(l) What is the separation between these MWs in (k)? What isotope do you suppose
primarily responsible for this plethora of peaks? Where have you seen this envelope
before?

