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of Technology 

The interpretation of mass spectra involves a well chosen 

mixture of simple arithmetic, experience and chemical intuition. 

In the case of high resolution mass spectrometry, the amount of 

arithmetic required is vastly increased, but so is the significance 

of the data because one is no longer merely dealing with integral 

mass units but with elemental compositions. It is for precisely 

this reason that we believe that high resolution mass spectrometry 

is the physical method most suited to computer-aided interpretation. 

The computer can handle the arithmetic involved much faster, more 

reliably and more exhaustively. If provided with the necessary 

instructions, it may also handle those steps requiring experience 

and thus arrive at a pre-interpretation nhicb may represent the 

solution of the problem in simple cases, or the basis for the final 

1. Paper XXVI on the Application of Mass 3pectrometry to Structure 
Problems. For paper XXV see K. Biemann, Lloydia, in press. 
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interpretation by the chemist who, being relieved by the computer 

from the bookkeeping portion of the work, may use his intuition 

more effectively and thus be able to solve more formidable 

problems. 

One aspect of the interpretation of a mass spectrum is the 

deduction of the exact molecular weight and thus of the molecular 

composition of a compound from the data contained in a mass 

spectrum, and this problem is a good illustration of the above 

statement. In most instances the peak corresponding to the 

molecular ion is the one of highest mass in the spectrum with 

exception of the corresponding isotope peaks. There are two 

situations in which this simple assumption does not hold; first, 

if the compound has a high tendency for fragmentation molecular 

ions are not produced in detectable abundance, and second, if 

there are present impurities of a mass higher than the molecule 

under consideration. These two situations are, in general, 

recognized only after the spectrum is found uninterpretable when 

assuming that the peak of highest mass represents the molecular 

weight. 

However, if the spectrum was obtained with a spectrometer 

of a resolving power that permits the determination of the 

elemental composition of all the ions, then it is possible to 

set a number of criteria which uniquely determine the molecular 

ion: 

(1) the specie may not contain any heavy isotopes. 
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(2) the number of hydrogens must be even 

nitrogens is even or zero, and must be odd if 

nitrogens is odd. 

if the number of 

the number of 

(3) the mass difference between the molecular ion and the 

ions of lower mass must correspond to a combination of atoms 

that can be lost in a reasonable fragmentation process. 

(4) if the peak of highest mass and not containing heavy 

isotopes does not fulfill these criteria, the molecular compo- 

sition of the compound must differ from these ions by a combina- 

tion of atoms that can be lost in a simple fragmentation process, 

and 

(5) the elemental composition of the ions of mass lower than 

the molecular ion must not exceed for any one element the 

composition of the molecular ion. 

All these decisions can fast and easily be made by the 

computer with a completeness that would in most instances go 

beyond the patience of a human interpreter. Since the full 

exploitation' of a high resolution mass spectrum requires already 

the use of the computer, a small step added to the general program 

produces a reliable suggestion of the molecular ion if the 

available data are sufficient to permit such a conclusion at all. 

In addition, the process may reveal impurities or contaminants 

because of the presence of some ions that are not in agreement 

3. K. Biemann, P. Bommer, and D.M. Desiderio, Tetrahedron Letters, 
No. 26, 1725 (1964). K. Biemann, J. pure Appl. Chem. 9 95 fl964). 
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with an otherwise very probable molecular ion. 

The FORTRAN program which we have written involves the 

following: 

The elemental composition of the ions produced by the 

compound, starting with the heaviest ion, are checked whether or 

not they fulfill conditions (1) and (2) above. If so, from the 

accurate mass of that elemental composition of the consecutively 

lighter ions are subtracted one after the other and the mass 

difference is checked vs. a list of the accurate masses of atoms 

or groups that can be easily lost from a molecular ion, i.e., II, 

CH3, NH39 RR32 OH, H30, F, HCN, CO, C2H4, CHO, C3R5, etc., and 

combinations thereof (about 50 are presently used). Of course, 

only a limited but consecutive number of ions is checked from the 

ion of highest mass down (see Tables 1 and 3). The presence of 

any such fragment ion is of course of value for the interpretation 

of the spectrum itself, as shall be briefly pointed out later. 

If the mass from which the ions were subtracted is in fact the 

molecular ion one will find that a considerable number of the mass 

differences fit the mass of these small common fragments in the 

list, and that there are only few which do not because the type 

of small groups that can be lost are rather limited. If, on the 

other hand, only a small fraction of the presumed fragment ions 

fit such a relationship to the assumed molecular composition, 

then one can be reasonably certain that that assumption was 

incorrect. If this is the case, it might have been an impurity 

of higher molecular weight and one will find a much better fit with 

one of the :ions of lower mass. 
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If none of the ions fit these criteria all ions are fragments 

of an undetectable molecular ion which, by definition, has to be 

of still higher mass. In this case, requirement (2) of the 

relationship between the hydrogen and nitrogen atoms must not 

necessarily hold because the fragment can have been formed either 

by loss of a radical or of a neutral molecule from the molecular 

ion. Thus, if the ion of highest mass, not being an isotopic 

specie, has an odd number of hydrogens and an even number of 

nitrogens, or none, it must be due to the loss of a radical and 

the molecule itself must have a composition that is larger by H, 

Ch3, OH, C2H3, CH3C0, etc., (all groups that are known to be lost 

from compounds not showing a molecular ion). The mass of these 

are therefore added one at a time to the fragment ions of high 

mass, and after each addition, the resulting theoretical mass is 

again checked as above for the number of ions that would now 

correspond to the loss of an easily eliminated group. 

If the ion of highest mass was however one that also fulfills 

requirement (2) it must have come about by the elimination of a 

neutral molecule and the computer therefore adds NH3, H20, CO, 

CH2C0, CH3COOH, etc., before going again through the subtraction 

routine. 

If the spectrum is at all of a quality that permits deducing 

the molecular composition of the compound, one of those three steps 

will lead to a result with a high number of positive conclusions 

for a particular ion which then is a highly probable choice for 

the molecular ion. 

Table 1 is an example of the conclusions arrived at by the 

computer when processing the high resolution spectrum of androsterone 
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acetate. It correctly represents the best fit out of five ions 

(Table 2) at the high mass end, all of which could be molecular 

ions based on their elemental composition alone, 

For purpose of demonstration the two line positions corres- 

ponding to W and (M-l)+ were removed from the input data to 

simulate a complex molecule not exhibiting a molecular ion peak. 

The results (Table 3) clearly show that the computer still is able 

to deduce the molecular composition of the intact molecule. 

Twenty eight combinations were checked in this case. 

The entries on the right of tables 1 and 3 indicate the kind 

of additional structural information concerning structural features 

which is obtained simultaneously. The predominance of ions invol- 

ving the loss of acetic acid and methyl strongly suggests the 

presence of an acetoxy group as well as methyl attached to a highly 

substituted carbon atom; loss of CO in various steps is in agree- 

ment with a cyclic ketone. 

While the approach and examples outlined above represent only 

a small part of what may be done with more elaborate programming 

even on compounds of greater complexity, it is clear that the 

objectives outlined at the outset of this paper can be achieved. 
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