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Recently, considerable advances have been achieved in the application of ultraviolet  radiation to the 
formation of ions in the source of a mass  spec t rometer .  Thanks to a number of basic and methodical ad- 
vantages, photoionization mass  spec t romet ry  can be used successful ly to investigate the mechanism of 
ionization p rocesses  [1, 2]. 

The aim of the present  work was to determine the basic p rocesses  of dissociative photoionization of 
monoterpene alcohols and to compare  them with the p rocesses  taking place on e lec t ron impact. Figures 
1-3 give the photoionization mass  spec t ra  of geraniol,  nerol, and linalool, and also the corresponding spec-  
t ra  obtained by the e lec t ron- impact  method. 

Geraniol. On photoionization, the splitting out of water  in the decomposition of the molecular  ion 
leads to the appearance of an ion with mite 136 as the s t rongest  in the mass  spectrum.  It is difficult to 
determine accurately  the s t ructural  formula of the radical cation formed in this p rocess :  apparently we 
are dealing with a set of distinct i somer ic  s t ruc tures .  

The splitting out of water  may be accompanied by cleavage of the C - C  bonds of the side chains. The 
elimination of a methyl radical  gives an ion with m/e  121, and the splitting out of an isopropyl radical an 
ion with m/e  93. 

Of the cleavages not induced by an oxygen atom, the most  probable is the cleavage of the allyl bond. 
This bond is in the fl position to two probable points of localization of the charge - the quaternary centers  
of the s t ructure  with double bonds - and is readily broken on e lec t ron  impact [3] with the formation of an 
ion with m/e  69 {M + ~69++85) ,  which decomposes with the ejection of ethylene and gives a strong peak of 
an allyl cation (mite 41). 

On photoionization, the ion with m /e  69 has an insignificant intensity, but together with it an ion with 
m/e  84 appears which has a low intensity on e lec t ron impact. 

In the field of low mass  numbers,  the photoionization mass  spect rum of geraniol  shows a s t rongpeak 
of an ion with m /e  59. Since in the e lec t ron- impac t  mass  spec t ra  of monoterpene hydrocarbons no ion with 
such a value of the mass  number  is observed [4], it may be regarded as a homolog of the hydroxonium ion. 

No f ragmentary  ions in the regions of mass  numbers  below 59 are formed in the photoionization of 
geraniol.  This is apparently due to the low excitation energy of the heavy f ragmentary  ions. 

A charac te r i s t i c  feature of the photoionization mass  spec t rum of geraniol  is the increase in the re la-  
tive intensities of the charac te r i s t i c  ions with high mass  numbers .  The relative magnitude of the peak of 
the molecular  ion in photoionization is 25 t imes g rea te r  than on e lec t ron impact. The intensity of the cha r -  
acter is t ic  ion with m /e  136 increases  20-fold. The charac te r i s t i c s  of the photoionization mass  spect ra  
permi t  the question to be put of the possibil i ty of the effective analysis of i somer ic  compounds. 

Nerol. Nerol is a s t e r eo i somer  of geraniol .  As is known [5], t rans i somers  are more  stable to 
photon and e lec t ron  impacts.  This is confirmed by differences in the photoionization mass  spec t ra  of ge ra -  
niol, which is a t rans  i somer ,  and nerol, which is the corresponding cis i somer .  

The ratio of the intensities of the peaks of the molecular  ions of the cis and t rans  i somers  that we 
studied is I c i s / I t r an s  = 1 : 4. The intensity of the molecular  ion as a f ract ion of the total ion cur rent  is 6% 
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Fig. 1. Mass spec t ra  of geraniol :  a} on photoionization; 
b} on e lec t ron  impact .  
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Mass spec t ra  of nerol :  a) on photoionization; b) 
on e lec t ron  .impact. 
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Fig. 3. Mass spec t ra  of linalool: a) on photoionizatlon; 
b) on e lec t ron  impact .  
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for  nerol  and 14% for  geraniol ,  i .e. ,  the stabil i ty of the c is  i s o m e r  is 2.3 t imes  s m a l l e r  than for  the t rans  
i somer .  

On ionization with e lec t rons  having an energy of 40 eV, the ra t io  of s tabi l i t ies  of the molecu la r  ions 
of geraniol  and nerol  is 1.4. It can be seen  f r o m  this that in the case  of photoionization we have a more  
cha rac t e r i s t i c  value of the stabil i ty for  each of the i s o m e r s  than on e lec t ron  impact .  

Linalool.  In con t ras t  to the monoterpene  alcohols that we have cons idered  above, l inalool is a t e r t i a r y  
alcohol. In addition to this s t ruc tu ra l  dif ference it lacks  a readi ly-cleaved doubly allyl bond. 

The molecu la r  ions of t e r t i a ry  alcohols a re  cha rac t e r i zed  by low stabil i ty [6], and the re fo re  the peak 
of the molecu la r  ion on photoionization is considerably  in fe r ior  in intensity to the peak of the molecu la r  ion 
in the mass  spec t r a  of a p r i m a r y  alcohol. The re la t ive  intensi t ies  of the molecu la r  ions for  geraniol  and 
linalool a re ,  respec t ive ly ,  14 and 1~. The re la t ive  intensi t ies  of the ions M +. and (M-  18) +. fo rmed  in the 
photoionization of linalool a re ,  respect ive ly ,  25 and 20 t imes  g r e a t e r  than on e lec t ron  impact .  

On photoionization, the p r o c e s s  leading to the format ion  of the ion with m / e  71 which a r i s e s  in the de-  
composi t ion of the molecu la r  ion at the C5-C  6 bond is unlikely. 

It must  be mentioned that,  in the photoionization m a s s  spec t rum,  ions a re  observed  the format ion  of 
which i sconnec ted  with the migra t ion  of hydrogen (ions with m / e  136, 111, 95, 80, 59). At the same  t ime,  
ions with m / e  71 and 69, the appearance  of which takes  place with s imple  bond cleavage and the energet ic  
favorabi l i ty  of which is obvious, a re  absent  f rom the m a s s  spec t ra .  

E X P E R I M E N T A L  

The photoionization m a s s  spec t r a  were  recorded  on an appara tus  const ructed on the bas i s  of a MI- 
1301 m a s s  s p e c t r o m e t e r .  For  the photoionlzation of the vapors  of the compounds under  investigation,  un- 
resolved light was introduced into the ionization c h a m b e r  through a window formed f r o m  a l i thium fluoride 
c rys ta l .  The source  of vacuum ul t ravio le t  radiat ion was a high-voltage hydrogen lamp [7]. The max imum 
energy  of the photons pass ing  into the ionization chamber  was l imited by the t r a n s m i s s i o n  of the window 
and did not exeeed 11.8 eV. 

On photoionization, the ion cu r ren t s  did not exceed 10 -44 A, and they were  recorded  by means  of an 
ion-opt ical  conver t e r .  

The e l ec t ron - impac t  m a s s  spec t r a  were  taken on the same appara tus  with an ionization voltage of 
40 V. The t e m p e r a t u r e  of the inlet s y s t e m  and of the ionization chambe r  was 100°C in both cases .  

SUMMARY 

1. The dissociative processes observed in the photoionlzation of monoterpene alcohols have been 
investigated. It has been established that the relative intensities of the peaks of the heavy ions, including 
the molecular ions, are higher on photoionization than on electron impact. 

2. It has been found that the mass spectra of the isomeric alcohols obtained on photoionization differ 
from one another to a greater degree than the electronic mass spectra. 
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