
This presentation will concentrate on mass resolution and its importance in 
accurate mass measurement and how this is used to determine the elemental 
composition of a compound. At the end, we'll briefly touch on the use of mass 
spectrometry to obtain structural information. Following fragmentation of the 
intact molecular ion. Mass resolution is essentially a measure of the peak width of
the isotopes. The diagram on the right shows the molecular ion region of verapamil 
that we saw in the previous talk. The diagram on the left shows that same molecular
ion region, but a different mass resolutions. And it shows the effect it has on the
isotope profile and the measured mass. If we start with the middle diagram, which 
is essentially the same profile as we saw previously. The isotopes are separated 
but not completely to baseline. This is known as low resolution or unit mass 
resolution. The mass measured is the mono isotopic peak, and it's accurate to 
approximately one or possibly two decimal places. If the mass resolution was 
increased as shown in the lower diagram, the peak width now is much narrower. The 
isotopes are easily separated to baseline. The mass can be measured much more 
accurately. Typically to three, often to four and sometimes higher numbers of 
decimal places. If the mass resolution was much lower as shown in this top diagram.
I should say that this resolution is only usually seen in mobile or field mass 
spectrometers rather than lab instruments, it would not be possible to determine 
the individual isotopes. With the isotopes merged together. The mass measured is 
the average mass rather than the mono isotopic mass. The difference between the 
average mass and the mono isotopic mass is quite small in this case, 455.6 for the 
average mass compared to 455.3. But it's important to always calculate the mono 
isotopic mass is the next slide shows. To demonstrate the importance of calculating
the mono isotopic mass, it's worth looking at molecular weight data that's provided
on commercial compounds. Compounds are often supplied as salts, in this case, 
verapamil hydrochloride. And the average mass includes the salt with a molecular 
weight of 491.1. In order to be useful mass spectrometry, we need to ignore the 
salt and just calculate the mono isotopic mass. As we saw in the last slide, 
there's only 0.3 mass unit difference between the average mass 454.6 and the mono 
isotopic at 454.3, I should say. Here, we use actual molecular weights rather than 
the protonated molecular ions that were shown on the last slide. But if only the 
integer values are quoted as sometimes happens, Rounding the average mass would 
give 455, then the mono isotopic would give 454. However, some compounds, the 
difference between the average and the mono isotopic mass can be greater than or 
equal to one. Dalton.

Chloramphenicol has an average molecular weight of 323.1. However, it contains two 
chlorines. As we saw in the last talk. Chlorine has two isotopes, 35 and 37, in a 
roughly three-to-one ratio. The average molecular weight for chlorine is 35.5. But 
the mono isotopic weight of Chlorine-35 is 35.0 to the nearest decimal place. When 
we work out the mono isotopic mass for chloramphenicol, it's now 322.1. Indicate 
the importance of always calculate the mono isotopic mass when interpreting 
spectra.

Mass resolution can be calculated in a number of ways, but perhaps the most common 
is to measure the peak width at half the maximum height of the peak. However, the 
way the mass resolution is quoted is dependent on whether an instrument is a low 
resolution or a high resolution mass spectrometer. Low resolution instruments, such
as quadrupoles and ion traps, typically operate with a value of 0.6 to 0.8 of a 
mass units. The width of the peak of the base is slightly wider than it would be at
half maximum height. That is typically around one mass unit wide. The resolution is
often known as a unit mass or low-resolution. One thing to note, the peak width is 
constant across the mass range. So a peek at a mass to charge of 150 will have a 
peak width of around 0.7 of a mass unit, which is exactly the same as a peak at 
mass to charge 950. For high resolution instruments, such as time of flights, 
orbitraps and FTICR mass specs. The resolution is calculated by dividing the mass 
over the peak width. So in this case, using verapamil as our example, the mono 
isotopic peak at 455 is divided by the peak width, which in this case is much 



narrower at 0.045 of a mass unit. This gives a resolution of 10,000. Thing to note 
is that the resolution in terms of the calculation is constant across the mass 
range. But the peak width in terms of mass, gradually increases as the mass goes 
up. So for instance, a peek at a mass to charge of 200 would have a peak width of 
0.02 of a mass unit to give us our 10,000 resolution. Whereas a peak at a mass to 
charge of 750, would have a peak width of 0.075 of a mass unit, to give the same 
resolution. Better resolution generally leads to better mass accuracy, provided 
there is sufficient signal to noise. If the peak is too noisy, an accurate 
measurement of the apex of the peak cannot be made. It's worth defining some of the
terms that you used in conjunction with mass measurements. The table lists the 
common elements that are used in compounds in drug discovery. The second column 
lists the exact or theoretical mass of the most abundant isotope. And the third 
column is the nominal mass, which is the nearest integer mass to the exact or 
theoretical mass. The mass defect is the difference between the two. As you can 
see, number of elements have positive mass defects such as hydrogen and nitrogen. 
And a number haven't negative ones such as the halogens, oxygen and sulfur. When we
measure a compound on a high resolution mass spectrometry, it's often referred to 
as an accurate mass measurement. If we compare the accurate mass measurement to the
theoretical or exact mass, the difference is known as the mass error. If we go back
to verapamil as an example, the accurate mass was measured at 455.2911. We know the
formula for verapamil. We can work out the exact or theoretical mass is 455.2910. 
The difference between the measured and the exact mass is the mass error. And that 
is 0.0001 of a mass unit, or 0.1 of a milli dalton For mass spectrometry. The mass 
error is usually measured on a relative scale in terms of ppm. In this case, the 
PPM mass accuracy is worked out by dividing the mass error by the mass of the peak 
and multiply it by 10 to the 6. Doing the calculation gives a mass of error of 0.2 
ppm, which is an excellent mass error to obtain on a measurement. Should be noted.

The publications usually require a mass accuracy or better than plus or minus 5 ppm
on any data that they publish. In this case, we know the compound we are analyzing 
is Verapamil. But if it was an unknown compound, all you're trying to confirm a 
structure. The mass measurement will be used to determine the elemental 
composition, as we'll see in the next slide. To obtain the elemental composition of
a compound, the accurate or measured mass is compared to all possible molecular 
formula within a set range of elements. All manufacturers of high-resolution 
instruments provide software to enable you to do this. It's usual to set some 
limits in terms of the number of elements and the accuracy range. In this case, 
we've assumed our mass spectrometer is accurate to within plus or minus 5 ppm. For 
the elements, we've set the sort of generic range, which will search on any formula
with carbons between 0 and 50, 0 to 80 hydrogen's, 0 to 8 nitrogens, 0 to 8 
oxygen's and up to 6 fluorines, 2 sulfurs, 1 chlorine and 1 bromine. When we do 
this, we find we have 34 possible formula. If we look first at the bottom of the 
table, we can see the formula of C17, H37 N6 O1 F6. The calculated mass of that 
formula is  2933.

455. Our measured mass is 455.2911. And the difference between the two is expressed
in terms of milli Dalton's, at 2.2 or ppm of 4.8. Clearly, if we have an unknown 
structure, having 34 possible formulas is not so helpful. So how can we reduce this
number down? There are two ways to do this. Firstly, we can limit the number of 
elements over which we searching. The easiest way to do that is to look back to the
previous talk where we studied the isotopic pattern of verapamil. In that case, we 
knew from the A+2 isotopes that there was no sulfur, chlorine, or bromine present. 
From the A+1 isotope, we knew that the number of carbons was almost certainly 
between 24 and 28. And if we have 24 to 28 carbons, the number of hydrogens is 
almost certainly less than 50. So using this modified list where we keep the 
carbons from 24 to 28, hydrogens up to 50, up to 8 nitrogens, 8 oxygens, and 6 
fluorines. We now only have three possible molecular formula with the one at the 
top, the correct one, which is Verapamil. The second way to reduce the numbers of 
possible formula is to increase the accuracy of the instrument that we use. So if 



we increase the accuracy of the mass spectrometer, and now we know that the, any 
results we get are accurate to within plus or minus 1 ppm, there would only be one 
possible molecular formula when we use the modified range of elements. Even if we 
use the generic range of elements, we reduce the number of possible formulas from 
34 down to a maximum of 5. A much more manageable total. It should be noted that 
elemental composition data can be obtained not just on the molecular ion, but also 
on fragment ions, which can aid in the elucidation of the structure as shown in the
next slide. To end this talk, we'll briefly look at obtaining structural 
information from fragmentation of the molecular ion. There are various ways of 
fragmenting a compound in mass spectrometry. But the most commonly applied in drug 
discovery. This collision induced dissociation or CID in which a compound undergoes
collisions with an inert gas such as argon or nitrogen.

argon or nitrogen. As an example, the CID spectrum of verapamil shows a number of 
prominent ions. The site of fragmentation is partly linked to bond strength. 
Although there are other factors involved, often more significant. From the table 
of single bond energies, we can see that the carbon-nitrogen bond is weaker than a 
carbon-carbon bond, which in turn is weaker than a carbon oxygen bond. Should be 
said that aromatic and multiple bonds are stronger than single bonds and cannot 
usually be broken in CID. The main ion 165 corresponds to cleavage around the 
aliphatic nitrogen, while a number of smaller fragments, at 303 and 150, are formed
from the breaking of carbon-carbon bonds and the aliphatic chain. To aid in the 
interpretation of CID spectra, the accurate mass elemental composition or the 
fragments can be determined in a similar fashion to that use for the molecular ion.
Identifying a compound structure from elemental composition and fragmentation 
spectra alone, it's not usually possible. But this technique is particularly useful
in identifying drug metabolites and will be covered in more detail in the section 
on metabolite identification.


