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Summary : Positive and negative ion Fast Atom Bombardment mass 

spectra have been used to study chlorophylls at pmoi levels in a 

matrix of thiodiglycoi. and the molecular ion is used to distinguish 

rellabiy the 2 mass unit shlft between chlorophyll b and 

4-vinyl-4-desethyl chlorophyll 6. 

Sood mass spectra of chlorophylls are very hard to obtain because, 

ftrst. chlorophylls readily decompose to pheophytins floss of Mg) and 

allomers (oxygen Incorporation Into ring V) under only very gentle 

condltlons: second, chlorophylls are very involatile. The interpretation of 

the spectra Is further complicated because Mg has slgnlficant proportions 

of heavy Isotope. We origlnally overcame the problem of volatillsatlon by 

using ‘In beam’ electron Impact (El/D) mass spectra’ from a quartz probe 

tip: another group used a similar method with a gold probe tlpz: however 

problems of pheophytinlsatlon were great. We have used’,. Fast Atom 

Bombardment (FAB) , a technique hltherto mainly used for polar molecules 

such as peptides *n7 and successfully recorded the spectra of 

4-vinyl-4-desethyl chlorophyll a and bacterlochlorophyll a using a matrlx of 

chloroform/trlgol. Slgnlflcant M+H+ peaks were observed. 

The matrlx of chloroform/trlgol Is too volatile for general use, and 

we now report improved FAB mass spectra ualng thlodlglycol 

(2. 2’-thlo-bls-ethanol) as a matrlx. Chlorophyll b (la) was extracted from 
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Zea mays 1. and dried for several days under vacuum over silica gel prior 

to use’. A sample was dissolved In 1 - 5 pi of either AR chloroform 

(which had previously been passed over a silica column to remove traces 

of HCI which would otherwise pheophytinise the chlorophyll) or alternatively 

AR acetone and was added directly to 1 - 2 gl of thlodlglycol on the probe 

tip of a Kratos MS-50 mass spectrometer. The sample was bombarded 

with a 7-9 KeV Xe beam, and spectra were recorded. 

,a R i CH2CH, Structures of chlorophyll b 
,b R = CH=CH* (la) and 4-vinyl-4-desethyl 

myOH i 
Ho 

m 
chlorophyll b (lb) 

We were able to obtaln good slgnal to noise ratios on 100 pmol of 

chlorophylls (as determined by extinction coefficients) , and in all cases we 

used less than 1 nmol quantities. With optimum spectrometer tuning it Is 

likely that mass spectra of chlorophylls from quantities of only a few pmol 

could be recorded. 

In the positlve Ion mass spectra the most Intense peak was at 907 

mass units corresponding to a mlxture of the ‘plus one’ heavy Isotope 

peak of M.+ (which Is normally intense In chlorophylls as the natural 

abundance of rrMg Is only 79.7961, and the even electron species M+H+. 

The relatlve intensltles (measured by background corrected peak heights) 

were averaged for 4 spectra. and the theoretlcal intensltles for M.+ and 

M+H+ were computed. Uslng constrained minimisationg we can flt the 

isotopic cluster to a mixture of M.+ : M+H+ of 0.94 : 1 (Table). We 

performed a simllar experlment in the negative ion mass spectra. and find 

that the ratio of M* - : M-H- Is 3.4 : 1 . Because of the problems of 

background subtractlon the exact ratios should be interpreted with caution. 

These data are In contrast to those from peptides. In which the 

predomlnant species observed are the even electron M+H+ and M-H- ions 

In the positive and negative Ion spectra repectlvely. The marked difference 

in behavlour can be attrlbuted. at least partially, to the ease of radical 

formation of chlorophylls due to the delocallsed tr system of the chlorln 

macrocycle, which Is consistent with their well known blological role. Both 

radical catlons’0 and radical anionsAL can be formed In solution and 

studied by nmr very readily. However. the radical anions of chlorophylls 



are generally less stable in solution than the corresponding cations. The 

apparent relative intensities of the paramagnetlc species in the mass 

spectra are due to the stabliities of the diamagnetic M+H+ and M-H- 

compared to M.+ and ht.- respectively rather than the inherent stabilities 

of the paramagnetic species. When phenol or hydroquinone was added as 

a radical quencher to the matrix. no significant change in the mass 

spectrum was observed. This could mean that the chlorophylls are lonlsed 

in the gas phase or if the radical tons are produced In the liquid matrix. 

then they must be expelled faster than they can be quenched. 
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Table I Calculated relative lntenslties (base peak = 100) for 
chlorophyll 6. chlorophyll b + H and chlorophyll b - l-f. measured 
posltive and negatlve Ion FAB intensltles, and predlcted Intensltles 
using curve fitting described In the text. 
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The practical importance of these observations can be demonstrated 

when using mass spectra to determine the molecular weight of a new 

chlorophyll (lb). The structure 4-vinyl-4-desethyi chlorophyll b was 

previously predicted from absorptlon and fluorescence studies. 1z* I3 and 

differs In only 2 mass units from chlorophyll b. Using most techniques It Is 

Impossible to reliably determlne such a small difference. However as 

illustrated (Figure) both positlve and negative ion FAB mass spectra reflect 

this 2 unit shift. Peaks due to loss of phytyl (not Illustrated) are also 

consistent with the two unit mass difference. 

In conclusion FA8 is a useful technique for molecular weight 

determlnatlon of novel chlorophylls. However, In view of the possible 

productlon of both even electron and odd electron ions. It Is important to 

use both posltive ion and negatlve Ion FAB mass spectra. 
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Figure : posltlve (left) and negative Ion (right) FAB mess spectra of 
the molecular ion cluster of chlorophyll b (top) and &V/nyl-4-d8S8thyl 
chlorophyll b (bottom). 
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