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S.1 Tandem Mass Spectra 
	
  

Tandem mass spectra for products identified using negative mode ESI, with fragment location 
sites shown by red lines.  
 

 
Figure S1.1: Tandem mass spectrum of compound N1. 
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Figure S1.2: Tandem mass spectrum of compound N2. 

	
  
 

 
Figure S1.3: Tandem mass spectrum of compound N3. 
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Figure S1.4: Tandem mass spectrum of compound N4 with mzcloud comparison. 

 

 
Figure S1.5: Tandem mass spectrum of compound N5 with mzcloud comparison. 

 
 

HO

O OH

OH

O

–"H2O"

HO

O OH

OH

O

HO

O

OH

O

HO

O

OH

O

HO

O OH

OH

O

HO

O OH

OH

O

–"H2O"

HO

O

OH

O

OH

HO

O

OH

O

HO

O

OH

O

OH

HO

O

OH

O

HO

O

OH

O

HO

O

OH

O

OH



 

Figure S1.6: Tandem mass spectrum of compound N6. 

	
  

 
Figure S1.7: Tandem mass spectrum of compound N7. 

 

 
Figure S1.8: Tandem mass spectrum of compound N8. 

HO
O

O

HO
O

O
HO

O

O

HO
O

O

m/z$=$144$
Formula$=$C7H12O3$
RT$=$6.01$

m/z$=$144$
Formula$=$C7H12O3$
RT$=$6.23$

O

O

OH
O

O

OH
O

O

OH

O

O

OH
O

O

OH

–"H2O"

O

HO

OH

O

O

HO
O

O

HO
O

O

HO

OH

O

m/z$=$160$
Formula$=$C7H12O4$
RT$=$7.06$



 
Figure S1.9: Tandem mass spectrum of compound N9. 

 

 
Figure S1.10: Tandem mass spectrum of compound N10. 

	
  

 
Figure S1.11: Tandem mass spectrum of compound N11. 

m/z$=$216$
Formula$=$C10H16O5$$
RT$=$7.50$

O

HO OH

O

HO

O

HO OH

O

HO

O

HO OH

O

HO

O

HO OH

O

HO

O

HO OH

O

HO

O

HO OH

O

HO

O

HO OH

O

HO

m/z$=$174$
Formula$=$C8H14O4$
RT$=$7.96$

O

O

OH

O

O

O

OH

O

–"H2O"

O

O O

O

O O

m/z$=$186$
Formula$=$C9H14O4$
RT$=$8.64$

O

OH

OH

O

O

OH

OH

O

O

OH

OH

O

O

OH

OH

O



 
Figure S1.12: Tandem mass spectrum of compound N12. 

	
  

 
Figure S1.13: Tandem mass spectrum of compound N13. 
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S.2 Formation Mechanism of Compound N11 
	
  

The	
  proposed	
  formation	
  mechanism	
  of	
  compound	
  N11	
  is	
  shown	
  in	
  Figure	
  S.2	
  below.	
  
	
  	
  

	
  
	
  
Figure S2: Proposed pathway for formation of compound N11.  

The	
  pathway	
   involves	
  a	
  vinyl	
  hydroperoxide	
   re-­‐arrangement	
  which	
  has	
  been	
  shown	
  by	
  
theoretical	
   calculations	
   to	
  be	
  uncompetitive	
  with	
  other	
  pathways	
   (Mackenzie-­‐Rae	
  et	
  al.,	
  
2016).	
  Additionally	
  the	
  mechanism	
  utilises	
  unconventional	
  1,8-­‐acyl	
  H-­‐shifts,	
  which	
  occur	
  
through	
   large,	
   thermodynamically	
   unfavourable	
   cyclic	
   intermediates.	
   As	
   a	
   result	
   the	
  
proposed	
  structure	
  and	
  its	
  formation	
  mechanism	
  remains	
  tentative.	
  	
  

S.3 Saturation Vapour Concentration Estimation 
	
  
The	
  online	
  molecular	
  property	
  predictor	
  UManSysProp	
  (Topping	
  et	
  al.,	
  2016)	
  was	
  used	
  to	
  
estimate	
  both	
  pure	
  component	
  vapour	
  pressures	
  and	
  activities.	
  Vapour	
  pressures	
  (PL,	
  Pa)	
  
were	
  estimated	
  using	
  the	
  structure	
  based	
  estimator	
  of	
  Nannoolal	
  et	
  al.	
  (2004)	
  for	
  boiling	
  
points	
  coupled	
  with	
  Nannoolal	
  et	
  al.	
  (2008)	
  for	
  vapour	
  pressures.	
  This	
  method	
  has	
  been	
  
extensively	
   compared	
   with	
   other	
   structural	
   estimation	
   techniques	
   available	
   in	
   the	
  
literature	
   with	
   favourable	
   results	
   (Barley	
   and	
   McFiggans,	
   2010;	
   O’Meara	
   et	
   al.,	
   2014),	
  
although	
   it	
   is	
   noted	
   that	
   it	
   has	
   performed	
   poorly	
   when	
   representing	
   multi-­‐functional	
  
organic	
  molecules	
  that	
  contain	
  a	
  high	
  number	
  of	
  hydrogen	
  bonding	
  groups	
  (≥	
  4).	
  	
  Activity	
  
coefficients	
   (γ)	
   were	
   calculated	
   for	
   a	
   mixed	
   organic	
   system	
   using	
   Aerosol	
   Inorganic-­‐
Organic	
  Mixtures	
   Functional	
   groups	
  Activity	
   Coefficients	
   (AIOMFAC,	
   Zuend	
   et	
   al.,	
   2008,	
  
2011),	
   and	
   ranged	
   from	
  0.46	
   <	
   γ	
   <	
   1.43.	
   Saturation	
   vapour	
   concentrations	
   (C*,	
   μg	
  m-­‐3)	
  
were	
   then	
   calculated	
   using	
   these	
   estimated	
   parameters	
   from	
   the	
   following	
   formula	
  
(Donahue	
  et	
  al.,	
  2006;	
  Pankow,	
  1994):	
  

𝐶∗ =
10!𝑀𝑊!"  𝛾  𝑃!

𝑅  𝑇  𝑓!"
	
  

where	
  MWom	
  is	
  the	
  mean	
  molecular	
  weight	
  of	
  the	
  condensed	
  organic	
  material	
  (g	
  mol-­‐1),	
  R	
  
is	
  the	
  ideal	
  gas	
  constant	
  (8.314	
  J	
  K-­‐1	
  mol-­‐1),	
  T	
  is	
  the	
  temperature	
  (K)	
  and	
  fom	
  is	
  the	
  weight	
  
fraction	
  of	
  the	
  particle	
  phase	
  that	
  is	
  absorbing	
  organic	
  material,	
  which	
  is	
  taken	
  as	
  unity	
  in	
  
this	
  work.	
  	
  

S.4 Kendrick Mass Analysis 
	
  
Using	
   assigned	
   chemical	
   formulas	
   for	
  major	
   spectral	
  peaks	
   (RI	
  >	
  5%),	
   a	
  Kendrick	
  mass	
  
analysis	
  was	
  performed	
  by	
  examining	
  CH2	
  and	
  O	
  mass	
  defects.	
  Essentially	
  Kendrick	
  plots	
  
aid	
   in	
   recognition	
   of	
   homologous	
   families	
   of	
   molecules	
   built	
   by	
   repeated	
   addition	
   of	
  
structural	
  units,	
  by	
  re-­‐normalising	
  the	
  IUPAC	
  scale	
  to	
  a	
  Kendrick	
  scale	
  (Kendrick,	
  1963).	
  
In	
   this	
   study,	
   the	
   Kendrick	
   masses	
  𝐾𝑀!"! 	
  and	
   KMO	
   are	
   calculated	
   by	
   normalising	
   the	
  
exact	
  masses	
  of	
  12CH2	
  to	
  14	
  amu	
  and	
  16O	
  to	
  16	
  amu	
  respectively.	
  Kendrick	
  mass	
  defects	
  
(KMD)	
   are	
   then	
   calculated	
   as	
   the	
   difference	
   between	
   the	
   nominal	
   Kendrick	
   mass	
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(rounded	
  up	
  to	
  the	
  nearest	
  integer)	
  and	
  the	
  actual	
  Kendrick	
  masses.	
  Plotting	
  the	
  Kendrick	
  
mass	
  defect	
  against	
  the	
  Kendrick	
  mass	
  creates	
  a	
  Kendrick	
  plot,	
  as	
  shown	
  below.	
  	
  
	
  

	
  
Figure	
  S4:	
  (a)	
  CH2	
  Kendrick	
  plot	
  and	
  (b)	
  O	
  Kendrick	
  plot	
  for	
  ions	
  (RI	
  >	
  5%)	
  detected	
  
in	
  the	
  positive	
  (open	
  circles)	
  and	
  negative	
  (closed	
  circles)	
  ionisation	
  mode	
  spectra.	
  
The	
  size	
  of	
  the	
  data	
  point	
  is	
  proportional	
  to	
  relative	
  signal	
  intensity.	
  	
  
	
  
Figure	
   S4a	
   shows	
   the	
   CH2	
   Kendrick	
   mass	
   plot	
   constructed	
   using	
   data	
   from	
   both	
   the	
  
positive	
   and	
   negative	
   ionisation	
   modes.	
   Here	
   species	
   separated	
   by	
   CH2	
   units	
   fall	
   on	
  
horizontal	
  lines	
  corresponding	
  to	
  families	
  of	
  the	
  form	
  CxHyOz(CH2)n,	
  where	
  x,	
  y	
  and	
  z	
  are	
  
fixed	
   and	
  n	
   is	
   variable	
  within	
   a	
   group.	
  Overall,	
   family	
   groups	
   contain	
   on	
   average	
   3	
   –	
   4	
  
members	
   with	
   the	
   largest	
   containing	
   7,	
   and	
   show	
   CH2	
   is	
   a	
   common	
   denomination	
  
between	
   SOA	
   constituents	
   from	
   α-­‐phellandrene	
   ozonolysis.	
   Going	
   towards	
   heavier	
  
compounds	
   there	
   is	
   a	
   gradual	
   increase	
   in	
  𝐾𝑀𝐷!"! ,	
   which	
   in	
   general	
   implies	
   a	
   higher	
  
degree	
   of	
   oxidation	
   (Reinhardt	
   et	
   al.,	
   2007;	
   Walser	
   et	
   al.,	
   2008),	
   although	
   there	
   is	
   a	
  
noticeable	
  decrease	
  in	
  slope	
  when	
  transitioning	
  from	
  monomers	
  to	
  dimers.	
  	
  
	
  
Figure	
  S4b	
  shows	
  the	
  O	
  Kendrick	
  mass	
  plot,	
  in	
  which	
  horizontal	
  lines	
  now	
  correspond	
  to	
  
families	
   of	
   the	
   form	
   CxHyOz,	
   where	
   x	
   and	
   y	
   are	
   fixed	
   and	
   z	
   variable,	
   that	
   is	
   families	
   of	
  
species	
  separated	
  only	
  by	
  number	
  of	
  oxygen	
  atoms.	
  This	
  time	
  family	
  groups	
  averaged	
  one	
  
member,	
  indicating	
  that	
  CH2	
  is	
  a	
  more	
  common	
  denominator	
  than	
  oxygen	
  atoms	
  between	
  
product	
  species.	
  This	
   implies	
   that	
   fragmentation	
  and/or	
  accretion	
   is	
  more	
  prominent	
   in	
  
the	
  system	
  than	
  functionalisation,	
  although	
  peaks	
  resulting	
  from	
  fragmentation	
  may	
  skew	
  
results	
   along	
   with	
   any	
   biases	
   in	
   chemical	
   formula	
   assignment.	
   Nonetheless	
   numerous	
  
product	
   families	
   containing	
  up	
   to	
  5	
   species,	
   e.g.	
  C10H16O3-­‐7	
  or	
  C7H12O2-­‐6,	
  were	
  observed,	
  
showing	
  that	
  radical	
  re-­‐arrangement	
  and	
  oxygen	
  addition	
  processes	
  remain	
  important.	
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