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Introduction 

The terpenes ai,e iinl)ol.tant natui-a1 p~.utlucts (1.2): 
conseyuently, theii. electi.on ionization mass sl)c>c.ti.a 
were stutlietl tlstt~nsi\-ely (::-8) in the early (lays of the 
application of mass s1)ec.ti.omet1.y to tlic itlentification 
ant1 structui-e elucitlation of o~.ganic coml)ountls. 
Hv~,e\.er.  most of the studies of the monote~yeiit.s \\.rl.e 
carried out prior tu the tleve1ol)ment of moi.c> so1)histi- 
catetl mass spectral techniques such as metastable ioil 
scanning, kiiietic energy 1-elease meas~u~ciiients ant1 col- 
lisional activation techniclues \vliic.h ha\.e 111-oven to t ) ~  
pwl.ticularly po\velaful ill p i*obin~  gaseous ion st~~uctllrc~:: 
alltl, thus, pi-ovitling illfol~m~ltion on l)os>ihlcl isoliic~~~iza- 
tion reactions of the ions pi.otlucetl in the. initial c.lect~.on 
ionization pi-ucess (9). 

The j'resent \\roi.k l.epoibts a tletailetl mass sl)cctl.wl 
examination of tc?n C; , , ,H ,,; monote~.l)enes \\.llosc sti8uc- 
tures are intlicatetl in E'igui-e 1. As can be st>cn, a 
consitlel.ablc nun~hei- of these c.oinpo~ultls, liinonc~nc~ 
isolimonene, a-l)liellai~tl~~e~~e/c~-tt~i~j)ii~(~iie~y-tei~l)iiieiic~. 
2-carene/:3-ca1-ene ant1 w-j)iiicnt:/~-pilielie a1.e isoine1.s 
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\\-hie11 tlif'f'ei o n l  i l l  t111> location of'thc> tlouble I~onil(si .  
Since t1iei.e 2u.e iiiaiij. c~sainl)les ill  sinil)lei I ~ ~ . t l i ~ o c ~ ; ~ ~ ~ l j o ~ i s  
of'ktcile tlouhlc hontl mi~ci~:~tioil (101, l)aiticulw8 attelition 
has bee11 1)aitl to the  c l~~est ion of tlo~ihlr bolltl ~iiigi.utioll 
in tlle molcculai. ioiis of tliesc coiiil~ountls. Xltllougl~ t l i c ~  
1,esults iii(licatt1 that tlouhle hoiitl mig~.atioii tlocs iiot 
occui to a significant estcbnt, tllr i8esnlts (10 slio\\- isom- 
erization bet\\-eel1 a nunlhci* c~f sl)ecific ljicyclic ;uitl 
monocyclic isomci*s fol- long-livcstl molc~c~~l:u* ions. 

.A11 esl~w'imental  1vo1.l; \\.:ls cai.l.ic~tl out ~isiiig ;1 \'(; 

,4nal~,tical ZXB-2FQ mass sl)c~cti~oiilttei*, \\.hie11 h;ls 
l ) ( ~ i ~  tlc~sci.ihetl in (letail 1)i-t\,iously (1 1 J. 'l'lle k;~tlli.c.s 
of the insti-unient essc.ntia1 to the  ~) i ' (~s (~ i l t  \\.01'1i :1i'c' t1i;lt 
it is a 1.e\.el.setl-geometiy (maglietic sc>ctoi3 l ) ~ x ~ c ( ~ ( l i i ~ g  
the electric sector) clooblc-fhc~issii~~c mass s-;l)ecti.oinc1te1. 
n-ith :I collision cc~ll locatetl a t  tht. ti)cal point in the fieltl- 
frclcj i.cgion 1jetn.eei1 the  magnetic ni~tl cl(~ctisic secto1.s. 

Electi.on ionization mass spec.ti,a n.crc> obtaiiietl ~lsillp 
70 eV electi~ons ant1 a soul.ce teiiil)er:~tui.e of20OcC ;ultl 
\\.ere i.ecoi.tlctl using the  tlouble-ti~cussi~lg n1wss s1)c.c- 
t i~oinetei~.  The combinetl I<I'('I soul.ce was usetl i l l  the, 
elect~.on impact niotle. IJiiiniolccl~lal inetast:~blc~ t'i.w,c- 
inei~tation i2e:ictions ofthc ions of'intei.cst ivc1.e ~'tscoi~letl 
foi  i~eactions occul*i~iu~g iii  the  tliift i.cgio~l hct\\.c.ca~i the  
lnagnctic 2111t1 elc.ct~.ic secto1.s 1,. the  111 1 KES tcchllicll lc~ 

(12). In this technique the  ion of intt~l'c~st is inass- 
selectetl by the inag!'netic sectoi' a t  8 ke\' kinetic enc>i.,q, 
ant1 tlic l)i.otlucts o i ' ~ ~ l l i ~ n o l ~ c u l a i *  i'~.:~giiieiitatioii in the 
tli.iSt i.cgion 1vel.e itlrntific>tl accoi~tling to t h r i ~  liiiietic 
energy by sc:~nniiig tllc. electric s c ~ t o i . .  Tlie liiiietic 
eiicJ1.gy releases associatetl with seloctetl uiiii~iolccul~ri~ 
fi.agn~entntioii i~eactioi~s \\-ei.c. tlett~iniiiietl, ululc~l. c~)iuli- 
tions of gootl c3nc~.gy ~.esolutii~ii, fi.oni tlie 1 )~a l i  \vitlths 
a t  half height aftel. cori~ectioii fo i  the  ii111c~i.cnt cncJi.gy 
spi.eatl of' the  ion beani accol.tli~~g t o  the  i8c~latioll (1.;) 

~ h e i * ~  W,,,,., is thtb meastli.etl \vitlth of thc  tlau,qlitc~i. ion 
bean1 : u ~ l  W,,,,, is the u.itlt11 of the l)ai,ent ion 1ii:iiii bc:uii. 
all ineasui-etl at h21lf height. 

C:ollision-intluectl tlissociation ~.c~nctions of mass- 
selectetl ions L1.el.e similai~ly obt>~ilietl h?. the MIKES 
technique 1,- inti~otluciiig Hc into the  collision cell to :I 

l)i.(Jssui.e sufficient to  a t tenuate  the  main he:~nl 1)y 
:~1)1)i.oxilnately 2OC;i. In thcse stu(1ies tlie collisioil cell 
\\as floatetl a t  -1000 Y to  sel)a18ate, 011 thc eiiei.g>. sc:~le. 
Sl.agmentation i~eact i i~i is  occui.i.in,c outsitle the  cell 
(mostly u~iimolecul:u.) fiwm those occi11.1.iiig insi(le thc~ 
cell (collision-iiitl~~ce(l). The tlata pi-csentc~tl ill the follo\v- 

v 

in,c coiai~esl ,~i~tl  t o  Insocesses occ~u.i.ing olllp ~vithin tlic 
cell. 

C:hai.ge sti,ipl)ing mass spectl'a of' the  111 z 9:: ions 
\\.ore obtainetl by the  MIKES techiiiclue osiil~g. sells- 

i 
i8ately. (I2, r\;? ant1 H e  as  collision gases at ~ ~ ~ ' e s s u l ' r s  suf- 
ficient to give ap~)i.osiinutely 40': at tc~~iuation of tllc 
mass-selt:ctetl ion beani. I11 tlicse stwlies the  c.lect~'ic 
sectola voltage \vas scxnnetl ovei. a iiai.1-on. 1-ange ileal' 
El2 n.11ei.e E is the  voltage necessni.jr to  t ra i~smit  the  
resl~ectivc. singly-charge11 ion. 

The inouotei~penes we1.c obtainetl fi.om the  Fluka 
Chemical Coi.poi-ation antl \\.ei.c> used as  lwei\-etl. They 
lvere int~.otlucrtl into the  source fro111 a heatetl metal 
inlet system maintaillet1 a t  l(i(!"C. No c\.itlence fbr t h c ~  
inal tlecomposition, a s  i.el)oltetl by Elyhage a11t1 yon 
Sytlow (::) usilig GC!MS, \\-as obsei.vet1. 

Kesults and 1)iscussion 

P a ~ t i a l  70 e V  EI mahs ,ipech*a of the  ten C' I l l H , , ,  ibo- 
mer.: are  pl.esentet1 111 Table I. The  sl~1ctr.n are  111 coot1 
agiaecnieiit \\ ~ t h  those 1-epoi.tctl fi~i. some of the  ihorne1.s 
hy Thomas antl Wllllialni (4),  Hill ct trl. (6) ant1 Etyllaqo 
ant1 \ on Sytlo~v (3). particulai.ly if'olie take> illto accolint 
that the  la t ter  n ol.ke1.s used 20 e V  clecti.oii io~iization. 
Oui, sgect1.a fin- limonene ( 1 )  ant1 :3-c>u.ene ( 7 )  are  in 'gootl 
agiaec~ment with those i.eportetl by on Eunau c f trl. (7). 
but o u ~ '  spec~ti~uin for 2-cai-ene (6) tliffers substanti;~lly 
fi.om the  .ipeetl.um they iBepoi't: the  rea.ioii3 Sol. thih thf- 



fel-ence a1.e not clear. I t  is paiticulai.ly inte~.c~sting, to  
note tha t  the. tei.l,cnes \\.hich tliffeib only by the  ~.c>li~tivc~ 
1)osition of tlouble bontls shou t l i s t inc t l  tiif'f'et*c.~~t nlass 
~~~~~~~~a, intlicating that  the1.e is little tlouble l-101it1 rnig1.a- 
tion in the  moleculai- ions 1)iaiol to  fi.axnient;~tic,n. This 
is pa~ticu1a1-ly noticeable foi. t h e  isomel.ic pail. limonc.~lcl 
I l )  ant1 isolimonene (2).  The  isomel. tisio tu-l~ll(.lla~~tl~.enc. 
(3) a- terpine~le  (4)ly-teipinenc: ( 5 )  also show sul)staiitial 
tlifYei.ences a s  (lo t h e  ison1c.1 1)aii.s I'-ca~.c%nc. (6)  ::-c.a~.c.~~c~ 
(7) ant1 U-pinene (S),'p-l)inene (9). altl~ougli in thcsc~ 1atte1. 
two cases it might not be l~ossible to itlentif? a ] ) a ~ - t i c . ~ ~ l ; ~ ~ .  
isomel. n-ithout having t h e  s1)ectl.a o f t h c  o t h e ~  isorne1.s 
recortletl untlel- t he  same contlitions. 

The unimolecula~* metastable ion fibayl.ment '1 t '  1011 IY:IV- 

tions c ~ f  t h e  moleculai* ions of t h e  tei.l)canes a s  obscs~'vc~tl 
in the secontl fielcl-fi-ee i.egion of the  mass sl)c~etl8ornt~tt~~. 
al-e recol.tletl in Table 11. ,4 numbel. ofthcsc. mc~tastahlc. 
ion fl-akmentation reactions have been obse~.\.etl by l)i-e- 

vious \vo~.kers (::,(i,T) a s  tliffusc. ])c>aks i l l  tl~c. ~ i o ~ . n i ; ~ l  
mass spectr-a but  ibclative intensitic1s have not bcjeli 
i.cl)ortetl ant1 solne metwstable l)oalis 1vei.t. t l~i>sc~t l  

because of ovel.iap with no~.m:tl l~ea l i s  in t h e  nlass al)cc.- 
t r a .  1'01. example, t h e  fi.;cgliit~~ltation i.e;~ction l:Xi - 
9-1 ' xi\.e..: 111": = $)4"1::(j = (i4.9'7 ant1 is obscurctl I)! tht, 
noi.mal mass sl)c:ct~*al peak a t  ln8z (i5. Ha1.1.i~ ( 2 1  (11 .  (1-4) 
have 1.epoltecl the  uni~nolc.cul:~~, ii.ag111entation t~e:~ctioiis 
of t h e  molecula~. ion of limonene obtaincbtl 11si11g il t i  1: 
link(xtl scan in a tlouble-fi)cussilig i ~ i s t ~ . ~ u i i e n t  ofnor.rnal 
geometiy.  Tlle 1-elative intensiticis t h e .  have ~'el)o~'tc'tl 
a re  not in agreenient ~ v i t h  o u ~ .  mc .asu i . t~n~c~~~ts :  in atltli- 
tion t h q  1.el)oi.t a n u m b e l  of i'ragnlent i o ~ i s  ((,.!I.. 111 z 
122 ant1 95) \vhich we (lo not obser\.c. 

The metastable> ion sl)ectiba of Table. I I show clistinc.~ 
sl)ectra for tlouhlr bontl isomc~1.s. intlicating that  tloubl(~ 
bontl mig~a t ion  has not occul~.etl eve11 f o ~ .  the. long-livcltl 
molecula~. ions fi.agmchntin,q in the  s e c o ~ ~ t l  f'ieltl-f'lnec. 



I l l  I hlc~t;i-t~ible Ion I*'1.;lo-lnc.ntation oi'm ;. I::(; l r ~ l c . c u l a ~ ~  lal~ia 

Fragment I o n  m / z  and Neu t ra l  Loss 

Compound -- 121  108  107 106 9  4 93  92  8 0  
-CH3 -C2 H 4  -C2H5 -C2H6 - C J H ~  - C 3 H 7  -&He -C4 Ha 
----- ----- ----- ----- ----- ----- ----- ----- 

1 - 3 6 . 0  2 . 0  3 0 . 4  2 . 4  1 0 0 . 0  6 . 0  18 .2  3 . 9  

I I l l  Kint>tic Ellrl.gy I:rlr;~sr I ' r ~ l  I . ' l . ;~?~~~ent; i t ioi~ 1:e~;ic~ion 
c ~ , , ~ H , , , ' . - ( . < , H l !  + ( , H ;  

Compound T 1  ( m e V )  
--- -- 

1 - 20.0 f 1 .6. 

2 50.5 t 3.2 

3 - 38.3 + 5.0 

4 63.8 f 4.9 

5 55.1 f. 6.2 

6 54.5 f 3.3 

7 57.8 f 4.8 

8 46.5 f 3.4 

9 51.1 f 2.3 

(1) ant1 that  for 3-carene (7 )  is s i m i l a ~  to that fi)18 

y-telyi~lene i.5). This suggests that fol* each of thcse 
pairs t h e  long-live(1 molecular ions may be isomt~1.izing 
to a c o m ~ ~ l o n  $tu.uctu~-e 01. ~llixtul.e of' s t ~ ~ u c t u ~ . c s  l)l'io13 
to  fi-agmentation on the  metastable ioll time scale. We 
suggest the  possibilitv that the  hicyclic i son le~~s  rnaT be 
isomerizing to  the ~*esl)ective monocyclic ison1e1.s as out- 
linetl in Schcnle 1. C:lea~*ly, the  mass s~)ectl.al tlata of 
Table I s h u ~ v  that these isomel-ization 1-ractions are  not 
occurring to  a signilicant extent for the  molccula~~ ions 
fragmenting in the  ion soul-ce. 

Fur the r  evidence for significant integl.ity of the  
molecu1a1- ion s t ructures  comes ffi-on1 measul.emenl of 
the kinetic energy releases associatetl with the ~netasta- 
ble ion fragmentation 1.eactio11 

10 - 17.6 + 1 . 4  As shu~vn  in Table 111, these esllibit s i g ~ i i f i c a ~ ~ t  val.i;i- 

.' stantl;lrtl tli.viation of triplir*:~tc~ t l f . t r rmin;~t io~is  tion from isomer to  isomel*, althoug11 the TiJ values f u ~ .  
the bicyclic a~i t l  moncyclic isomel-s discussetl above tent1 
to  be siniilal.: all peaks were  Gaussian in shape. In con- 

l-egion. Honevel,, the1.e a1.c a of' cases lThel.r t ras t  ~ v i t h  this variation, the  kinetic eIle!.cc!.\. ~~rlcw+?~ 
monocyclic all() hicyclic ixomeys %ive similay metastable associatetl wi th  t h e  uninlolecnlar fraglnentation~tion 
ion spectra. Thus. the  spectl-um ob~ailletl for ty-llinene reaction: 
(8) is s i m i l a ~  to  that  obsei.vetl f o ~ .  tr-phell;lr~tllee~ie ( : 3 ) ,  
that fol. 2-caibene (6) is similai* to that fol  tr-te~yincne C,,,Hl,,- -, C,Hl1 ' + C,H; 
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were a11 in tlie range 20.1 to 27.5 meV. s~~,c,c!.cstiiig :I 

'I 1011 l.CJ:le- common pi-ecui-sor st1.uct~u.e ill this f raync~nt  t '  
tion. This is not 1x11-ticulai*ly slu.~)i.isii~,c since, clcaialy, 
substantial stl.uct~u.al reai.ran,cemeiit of the moleculai~ 
ions is necessL1i.y before elimination of ail ethyl ~xtlical 
can occu~.: by contrast, a methyl i.i~tlical, in l)i.incil)le, can 
he elimitlatetl ~vitliout significant sti8uctui.al 1~c;lri-ail- 
gement. 

Table 1V ant1 V p ~ ~ e s e n t  the i.elativc1 f'i'aginent ion 
intensities observetl foi* n~ctastable ioil f'i.agnlent il t '  1011 

of the mlz 121 ant1 mlz 107 f~.agment ions foi.metl in tile 
EI mass spectra of the ten ison1e1.s. 'T1iei.e is liltlc. Val.- 
iation in the relativtl fragment ion signals f1.0111 isomel. 
to isomer ant1 it is liliely that all mlz 121 fi.agmcnt ions 
have a common s t~ .uc t~ t r c  as tlo a11 m:z 107 fi-agi11c~nl 
ions. The ~.esults of Tables I1 ant1 I\ '  show tliat thc1.e 
are two routes to the miz !):3 (C:-;H,, ' ) fi.a,cincnl ion. 
which in many cases is thc~ base 1)eak in the mass spec- 
trum: one of these 1)athiva.v~ involves tlirc!ct eliinin. ~1 t '  1011 

of (:,,H,. fibom the moleculai ion \\.bile the sccoiitl 
involves sequential elimiiiatioii of (-:H::- ant1 C,H ,. 

Fu~.tliei. evitlence coilcel*iling the iiitc>gi*ity of' tho 
molecular ion stl-uctuiw comes fi.oin the 8 keV collisio11- 
intlucetl tlissociation ( C  11)) mass spect1.a of the nlolec- 
ular ions reportetl in Table VI. The tlouble k)ontl iso1nei.s 
give tlistinct spectra, lio\vevt.i-. as i11 the mt>tastablc 
ion spectra ,  the  1)aii.s c~-l)hellantli~cne~c~-l)inonc. 
a-te1.]1inene12-care11e ant1 y-te1.1)inenel:3-c:1i~ei1(, yive 
fairly si~nilai- sl)ect~-:i. This is consistent with foi.n~iltioii 
of a comn1on structu1.e or inistui'e of sti.ucl~~i.es foi (well 
of' these pairs for the long-livetl lliole~llliu. ions snbjectctl 

Table IV. Metastable Ion F'ragmentat.ir,n o t ' ( '< ,H, . :  ' ( m  z 1?1) 11111s. 

Fragment Ion a n d  Neutral Loss 

Compound 

Table V. h l c t a ~ t a b l e  lo11 E'~~;igrnr~i tat i i~l l  ol ' ( ' ,H, ,  im z 107) 1011>. 

Fragment ion and neutral loss 

Compound 105 9 1 7 9 
H2 CH 4 C2H4 

-- 

1 7 8  100  7 1 

2 6 8  9 2 100 

3 7 5 100  5 5 

4 8  0 100 4 1 - 

5 8  0 100 3 5 

6 8  0 100 4 0  - 

7 7 7 100 3 2  - 

8  8  0 100 3 6 - 

9 7 7 100 7 4 

to collisional activation. I t  is inte~~esting to note that tlie 
C1-,H, ' . (mlz 68) fi.:igment ion is of only Ion i t ~ t ~ n h i t y  
in the (:ID mass spectrum of limonene tle>pite being the 
base peak in the E l  mass s11ecti.um; clearly, this fi.ag- 
ment is fol-met1 only froin ions of quite high intci*n~~l  
energy. Sch~varz ot (11. (15) 1i:ive 1.epoitetl the ('11) nl;is> 
sl)ect~-a of a selection of C',,,H ,,, + isomelas, lio\ve\ el., 
they were unable to sepaixte the unimoleculai aiitl 
collision-intlucet1 compoile~lts of' the spectra so their 
results cannot be tompai.et1 \t ith o u ~ .  results. 

The C-,H,, ' ion is a majoi. fi.agnient ion in tlie mass 
s1)ectu.a of many C,,,H,,;  montei.1)e:nes. As tletailetl 
above. there are at  least two pathways to this ion, tlii-c~ct 
elimination of C,:H,. ant1 secluential eliiiiilliltiol~ of ('H.:. 
ant1 C2kI ,. Sch\vai.z ct t r l .  (15) have i.epoi-tetl stu(ly of 
the unimolecular ant1 collisio~~-intl~~ceil tlissociation of'tlle 



% o f  base peak ( +  s t a n d a r d  d e v i a t i o n )  

T o 1  uene. H+ 100.0 2 5 . 8  5 1 . 2  77 .1  + 6 . 2  6 2 . 3  + 5 . 3  

C y c l o -  
h e p t a t r i e n e . H t  69 .0  + 5 . 4  16 .1  t 2 . 1  100 .0  6 2 . 9  2 7 . 1  



% of base peak ( t  s tandard  d e v i a t i o n )  

Compound 93+ 2 92+ 2 91+2  

1  - 3 4 . 5  t 1 . 0  2 1 . 9  + 0 . 2  1 0 0 . 0  

2  - 1 9 . 8  2 2 . 6  1 5 . 5  2 1 . 0  1 0 0 . 0  

To1 uene. H+ 8 1 . 7  2 6 . 7  3 9 . 4  2 2 . 0  8 6 . 7  t 2 . 0  

Cyclo- 
h e p t a t r  i ene. H+ 3 8 . 8  + 1  . 7  1 9 . 6  t 1 .7  9 2 . 2  2 3 . 4  

C-;H,j - ions Sol-met1 in the mass sl1c.ct1.a of tell acyclic 
ant1 cyclic inonotei.l)rnes. Fisom iiiet:~stwhlc ioi~ I;ii~c~tic 
energy release measui.ements they conclutletl that tlif- 
fei-ent structui~t?s \Yere involvetl in the Hz-cl i ini i~;~t io~~ 
i.eactio11 ant1 in thtl CH ,-c.limination 1.cactio11. Th(. ( ' I  I )  
s1)ecti.a of the (:;H!, ions S1.0111 the tei.l)cncs ant1 21 I I ~ I I I I -  

bei. of i~efei.eiice ions ive1.e itlel~tic>~l l)i.eventilig c l e ;~~ .  
itlentification of the stable C17H,, ' structul~e(s) involvetl. 

I11 the pi.esent \voi.li we have coi1il);u~etl the unimo- 
leculal-, collision-iritlucetl tlissociation ant1 chai.gc. st ~ ' i l ) -  
ping ~~'eactions of the CiH!, ' iolls fi-om the tci.l)eiies \\.it11 
the I-)ehavioui. of't\vo niotlel (';H!, ' ions- ~)i.otonatctl tol- - uene ant1 pi.otonatet1 cyclohel)t;it~.icnr. 111 e:~ch c;~sc> the 
protonatetl sl~ecies was prcl)aibetl hy ( 'H  , chemic:~l ion- 
ization. We have obsei.vetl that thc i ~ ~ l i m o l e c ~ ~ l ; ~ i  f'i.;~g- 
mentatioi~ of all CTH!) ' ions, illcIi~(lillg the inotlel ions. 
yields CTH\  ' . C;HT + and C,,H-, , \\.ith the i.elativc 
abundances shoii-in$ little vai.iatioii f'1.0111 s1)ecies to slle- 
cies. E'ui.the~.. the CIl)  mass s1)ecti.a of'~111 (';H!, ions 
were itlentical ivithin exl)ei.imeiital ciai.oi.. inclncliiig t h(b 
ions tlei.ivet1 hy l)l.otonation of toluene aiitl cyclohel )tit- 

tiiene. Ho\vevei., substantial tliSSc~i*ences ive1.e ohsc~i.vct1 
i11 the  cliaiyy sti.il)l)ing mass s l~ec t i~ :~ .  It is \\-cjll- 
cstablishetl i 16) that chal-gc sti.ipl~iiig inass sl)c~clibi~ 1'1.e- 
quently l)ibovitle isomel* tlistiiictioi~ \vhci.e ('11) m;~ss  
spectra (lo not. This pi~esumably ai.iscs f'1~0111 thc. f';~et 
that the chaiye sti.il)l)iiig pi.ocess in\.olves the tl(.l)osi- 
tion of a large arnomlt of eneiyy (gi.catcia t11;11l 1.' e17 
(17)) in the ion :111tl thus saml)les ions of ' lo\vt~ iiltci.li;~l 
eliergy than are sampletl in the ('11) 1)i'ocess. Thcsc. 
loivel. eneiyy ions have less of :i ~)i'ol)enhity to ~ ~ i i ( l c ~ ' g o  
isomeiaizatioii piaioi. to activatioii. 

Tablc. VII i*c.cortls the ch;ii.ge sti*il)l)ii~,c n1;lss sl)ecti.;~ 
obtained using 0, as the collisioll The l)i*otoiiutc.tl 
toluene :untl l)i~otonatetl c~~cloliel~tati~ieiie ions a1.c. cleai.ly 
tlistinguishetl fi-om each othei.. Tlie s l ) t ~ t i . : ~  of the ioiis 
tlerivetl fi.om the monotei~l)ciic~s ;u.c ill i.e:~soii~tblr a~yinc'c- 
ment ivith each othei. anti, cleai-ly. a1.e in inuch k)c.ttei. 
agi'eeinent ivith the spectiauni obt;~iiietl foi. ~ ) i~oto i i~~tc~t l  
cyclohel)tatiie~le than \\.it11 the sl~ecti.urn ol)t:~illt~tl 1'01. 
pi*oton:itetl toluene. Hoivevei.. t11ci.c ai.(. still sul~st;u~tial 
tliffei-ences in iiiteiisities Sol* th(1 C';H!, ioil; it is no[ 



clear whether these differences 1.epresent effects of 
internal energy differe~iceh on the chal-ge stl.ip1)ing rims 

spectra or whether they iiidicate the  presence of:( sec- 
oncl C7H,, ' structure for the  terpenes. 

The charge sti.ipping mass spectra obtainetl II ith NL 
as collision gas  showetl oiily very small tliffei.ences fol* 
the model ions antl, thus,  allo\vetl no structulbc tliffe1.- 
entiation. Table VIII  r.ecoi-tlh the  charge stril)l)ing mash 
spectra obtainetl with He a s  t h e  collisioii gas. Again :i 

clear distinction call he made bet\veen the  t\vo motlcl 
ions, pi-otonated toluene antl pr.otonatet1 cyclohel~ta- 
triene. The spectra obtained foi. the  C7H,,  ' ionh fi-oill 
the monoter-penes cleai-ly a re  not in agreement lvitll the 
spectrum obtainetl for protonated toluene. Ho\\ ever.  
the agreement with the  spectrum obtaiiietl foi  plaoton- 
ated cycloheptatriene is not :is satisfacto1.y ;is one I\ oultl 
like. Whethei  this tlisagreement is tlue to  inteinwl 
energy effects or to the presence of more than one st1.u~- 
tu re  is not cleai*. We a r e  inclilietl to 11aI.e more faith in 
the  l a t t e i  intepretation. Thus,  in agi.ee~mcnt ivith 
Schwarz el (11.  (13) w e  a1.e not able to  tlefiniti\ ely itlen- 
tify the  C-;H,,' sti.ucture(s) i11i olvetl. although the l)i.cs- 
ent charge s t r i l~ping esperiinents rule out :i inyjoi. 
conti-ibution from :I pi.otonatet1 toluene stl.uct1u.e. 
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