
Photooxidation of Isoprene Epoxydiol (IEPOX)- 
Derived Secondary Organic Aerosol 

 

Kelvin Bates*, Tran Nguyen, Matthew Coggon, Hanna Lignell, Xuan Zhang, 
Richard Flagan, Brian Stoltz, John Seinfeld, Paul Wennberg 

 

California Institute of Technology, Pasadena, CA 
*kelvin@caltech.edu         Poster 2.AC.4 

 

O
OH

HO

O
OH

HO

H+

or
NH4+

HO OH
OH

OSO3H
HO

OH
OH

OH

tetrols sulfatesOH

H2O,
H2SO4,
etc...

OH

O
OHO O

HO
O

OH

fragmentsoligomers?

IEPOX

(gas
or

particle)

Results:	
   In	
   each	
   experiment,	
   exposure	
   to	
   gas-­‐phase	
   OH	
   caused	
  
significant	
  loss	
  of	
  par:cle	
  organic	
  mass	
  and	
  genera:on	
  of	
  vola:le	
  organic	
  
compounds	
   (VOCs)	
   in	
   the	
   gas	
   phase,	
   especially	
   acids	
   (Figure	
   8,	
   Table	
   1).	
  
Par:cle	
   phase	
   oxida:on,	
  measured	
   in	
   O:C	
   and	
   H:C	
   ra:os	
   (Figure	
   9)	
   and	
  
f43/f44	
  (Figure	
  10),	
  was	
  most	
  prominent	
  in	
  ammonium	
  sulfate	
  par:cles.	
  

Fig	
  4.	
  	
  
Par*cle-­‐phase	
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scheme	
  

Fig	
  9.	
  O:C	
  vs	
  H:C	
  for	
  experiments	
  1-­‐5	
  

Fig	
  10.	
  f43	
  vs	
  f44	
  for	
  experiments	
  1-­‐5	
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3a.	
  Gas-­‐phase	
  OH	
  

2.	
  General	
  Methods	
  

3b.	
  Par:cle-­‐phase	
  OH	
  
Methods:	
  
Experiments	
  were	
  conducted	
  in	
  an	
  8’	
  long,	
  6”	
  diameter	
  pyrex	
  flow	
  tube,	
  
operated	
   at	
   a	
   36	
   min	
   residence	
   :me	
   (Figure	
   11).	
   H2O2	
   (50	
   µM)	
   was	
  
added	
   to	
   each	
   IEPOX/salt	
   solu:on	
   immediately	
   before	
   atomiza:on.	
  
Par:cles	
  were	
  photooxidized	
  at	
  three	
  light	
  levels	
  for	
  at	
  least	
  two	
  hours	
  
each	
  while	
  being	
  monitored	
  by	
  AMS	
  and	
  CIMS.	
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4.	
  Discussion	
  

Methods:	
  
Experiments	
  were	
  conducted	
  in	
  
the	
   24	
   m3	
   FEP-­‐Teflon	
   Caltech	
  
environmental	
  chamber	
  (Figure	
  
7)	
   at	
   23-­‐25	
   ˚C.	
   The	
   chamber	
  
was	
  first	
  humidified	
  to	
  50%	
  RH,	
  
followed	
  by	
   atomiza:on	
  of	
   the	
  
IEPOX/salt	
   solu:on	
   to	
   ~35	
   µg/
m3	
  organics	
  and	
  introduc:on	
  of	
  
2	
   ppmv	
   H2O2.	
   Photooxida:on	
  
lasted	
   6	
   hours	
   and	
   was	
  
monitored	
  by	
  CIMS	
  and	
  AMS.	
  

Gas	
  yields	
  (ppbv)*	
  

Pa
r:
cl
e	
  
O
rg
an
ic
s	
  (
µg

/m
3 )
*	
   Par8cle	
  organics	
  

Formic	
  Acid	
  
Ace8c	
  Acid	
  
Hydroxyacetone	
  (HAC)	
  
Glycolaldehyde	
  (GLYC)	
  
Peroxyace8c	
  Acid	
  (PAA)	
  
m/z	
  187	
  (Figure	
  12)	
  
m/z	
  189	
  (Figure	
  12)	
  

x10	
  

Fig	
   8.	
   Par*cle	
  
organics	
   &	
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phase	
  yields	
   for	
  
experiment	
  #1	
  

Table	
  1.	
  Summary	
  of	
  chamber	
  experiments.	
  	
  

Minutes	
  of	
  Photooxida:on	
  

0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

0	
  

10	
  

20	
  

30	
  

40	
  

-­‐60	
   0	
   60	
   120	
   180	
   240	
   300	
   360	
   420	
  

Results:	
   Photooxida:on	
   with	
   par:cle-­‐phase	
   OH	
   generated	
   substan:al	
  
amounts	
   of	
   organic	
   acids	
   and	
   other	
   gas-­‐phase	
   VOCs,	
   especially	
   one	
  
detected	
  at	
  m/z	
  189	
   (Figure	
  12),	
  all	
  of	
  which	
   scaled	
  posi:vely	
  with	
   light	
  
exposure	
   (Figures	
   13-­‐14).	
   As	
   with	
   gas-­‐phase	
   OH	
   oxida:on,	
   major	
   VOC	
  
products	
  were	
  the	
  same	
  across	
  salt	
  types	
  and	
  IEPOX	
  isomers.	
  

«  Par:cle	
  organic	
  mass	
  ahributed	
  to	
  IEPOX-­‐derived	
  SOA	
  cannot	
  
necessarily	
  be	
  assumed	
  to	
  remain	
  in	
  the	
  par:cle	
  phase	
  under	
  
photooxida:ve	
  condi:ons.	
  

•  Incorpora:ng	
  this	
  par:cle-­‐to-­‐gas	
  transfer	
  into	
  
models	
  should	
  be	
  a	
  high	
  priority	
  

«  Oxida:on	
  of	
  IEPOX-­‐derived	
  SOA	
  may	
  provide	
  a	
  significant	
  source	
  
of	
  gas-­‐phase	
  oxidized	
  VOCs,	
  especially	
  small	
  organic	
  acids.	
  

•  This	
  may	
  help	
  account	
  for	
  the	
  poorly	
  understood	
  
budget	
  of	
  gas-­‐phase	
  organic	
  acids	
  in	
  remote	
  areas	
  

«  Oxida:on	
  of	
  par:cle-­‐phase	
  organics	
  proceeds	
  more	
  rapidly	
  in	
  
ammonium	
  sulfate	
  par:cles	
  than	
  those	
  with	
  other	
  anions.	
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   14.	
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Fig	
  13.	
  Overview	
  of	
  VOC	
  yields	
  from	
  flow	
  tube	
  experiments.	
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Par8cle	
  genera8on:	
  
Trans-­‐	
   and	
   cis-­‐β-­‐IEPOX	
   were	
   synthesized	
   according	
   to	
   previously	
  
published	
   methods.17	
   Solu:ons	
   of	
   IEPOX	
   (0.019	
   M)	
   and	
   a	
   salt	
  
(0.038	
  M)	
  were	
  heated	
  to	
  50	
  ˚C	
  while	
  s:rring	
  for	
  2	
  h	
  prior	
  to	
  use.	
  
The	
   resul:ng	
   solu:on	
   was	
   introduced	
   into	
   the	
   chamber	
   or	
   flow	
  
tube	
  by	
  atomiza:on.	
  
Oxida8on:	
  
Par:cles	
  were	
  oxidized	
  by	
  exposure	
  to	
  either	
  gas-­‐phase	
  (chamber)	
  
or	
   par:cle-­‐phase	
   (flow	
   tube)	
   OH	
   radicals.	
   OH	
   was	
   generated	
   by	
  
photolysis	
  of	
  H2O2	
  under	
  UV	
  light.	
  
	
  

Instrumenta8on:	
  	
  
• Gas-­‐phase	
   species	
   were	
  monitored	
  with	
   a	
   triple	
   quadrupole	
   CF3O-­‐	
   chemical	
   ioniza:on	
  mass	
  
spectrometer	
   (CIMS;	
   Varian/Caltech;	
   Figure	
   5),	
   alterna:ng	
   between	
   scanning	
   nega:ve	
   ions	
  
with	
  m/z	
  50-­‐250	
  and	
  detec:ng	
  specific	
  fragmenta:on	
  

	
  	
  	
  paherns	
  from	
  N2-­‐collision	
  induced	
  dissocia:on.	
  
• Par:cle	
   composi:on	
   was	
   monitored	
   with	
   a	
   high-­‐
resolu:on	
  :me-­‐of-­‐flight	
  aerosol	
  mass	
  spectrometer	
  
(AMS;	
  Aerodyne	
  Research	
   Inc.;	
  Figure	
  6),	
  operated	
  
alternately	
   in	
  W	
  mode	
   (R≅3500	
  at	
  m/z	
   200)	
   and	
  V	
  
mode	
  (R≅2000	
  at	
  m/z	
  200).	
  	
  

• Temperature	
  and	
  rela:ve	
  humidity	
  of	
  the	
  chamber	
  
and	
   flow	
   tube	
   were	
   monitored	
   throughout	
   the	
  
experiments	
  with	
  a	
  Vaisala	
  HMM211	
  probe.	
  

Fig	
   5.	
   Schema*c	
   of	
   the	
   triple	
  
quadrupole	
  chemical	
  ioniza*on	
  
mass	
  spectrometer	
  

Fig	
  6.	
  Schema*c	
  of	
  the	
  *me-­‐of-­‐	
  
flight	
  aerosol	
  mass	
  spectrometer	
  

Fig	
  11.	
  Schema*c	
  of	
  the	
  Caltech	
  flow	
  tube	
  experimental	
  setup	
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Fig	
  12.	
  Proposed	
  structures	
  of	
  large	
  gas-­‐phase	
  products2	
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Experimental	
  Setup	
   Par:cle	
  organics	
  (µg/m3)*	
   Product	
  yields	
  (ppbv)*	
  	
  	
  	
  	
  	
  
Expt	
  #	
   Salt	
   IEPOX	
   H2O2	
   Ini:al	
   Consumed	
   Formic	
  Acid	
   Ace:c	
  Acid	
   HAC	
   GLYC	
   PAA	
   m/z	
  187	
   m/z	
  189	
  
1	
   (NH4)2SO4	
   cis	
   gas	
   31.23	
   24.89	
   40.5	
   17.3	
   5.0	
   2.8	
   2.9	
   4.4	
   2.4	
  
2	
   NH4NO3	
   cis	
   gas	
   44.47	
   24.48	
   54.1	
   18.1	
   4.6	
   2.8	
   2.6	
   2.8	
   0.1	
  
3	
   NH4Cl	
   cis	
   gas	
   50.69	
   21.96	
   78.7	
   22.0	
   6.5	
   4.2	
   2.7	
   4.5	
   0.0	
  
4	
   (NH4)2SO4	
   cis	
   gas	
   17.31	
   13.08	
   46.2	
   15.2	
   3.4	
   2.3	
   2.0	
   3.0	
   0.0	
  
5	
   (NH4)2SO4	
   trans	
   gas	
   45.39	
   34.14	
   59.8	
   24.0	
   8.6	
   4.7	
   4.1	
   6.6	
   8.9	
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Fig	
  7.	
  The	
  Caltech	
  Environmental	
  Chamber	
  

1.	
  Background	
  
What	
  is	
  IEPOX?	
  	
  
•  Isoprene	
  epoxydiols	
  (IEPOX)	
  are	
  second-­‐genera:on	
  products	
  of	
  OH-­‐ini:ated	
  isoprene	
  
oxida:on	
  in	
  low-­‐NO	
  environments	
  (Figure	
  1).1	
  	
  

•  Four	
  IEPOX	
  isomers	
  can	
  be	
  formed	
  from	
  isoprene	
  (Figure	
  22).	
  
•  Chemical	
  transport	
  models	
  suggest	
  239	
  ±	
  120	
  Tg	
  is	
  formed	
  annually	
  (Figure	
  3).	
  
•  IEPOX	
   undergoes	
   efficient	
   reac:ve	
   uptake	
   onto	
   wet	
   par:cles,	
   especially	
   acidic	
   or	
  
ammonium-­‐containing	
  aerosol,3-­‐5	
  where	
  it	
  forms	
  tetrols	
  and	
  organosulfates.	
  6	
  

Secondary	
  Organic	
  Aerosol	
  (SOA)	
  from	
  IEPOX	
  
•  Subsequent	
   oxida:on	
   of	
   SOA	
   is	
   poorly	
   understood;	
  
bulk-­‐phase	
   studies	
   cannot	
   replicate	
   the	
   liquid	
   water	
  
content	
  or	
  gas-­‐par:cle	
  par::oning	
  of	
  aerosol.7-­‐10	
  

•  Par:cle-­‐phase	
   oxida:on	
   is	
   a	
   poten:al	
   route	
   to	
   gas	
  
phase	
  compounds	
  (e.g.	
  acids)	
  and	
  highly	
  oxidized	
  SOA,	
  
which	
  forms	
  rapidly	
  in	
  the	
  environment11	
  but	
  is	
  difficult	
  
to	
  mimic	
  in	
  chamber	
  studies12-­‐13	
  and	
  models.14-­‐16	
  

•  IEPOX	
  is	
  generally	
  assumed	
  to	
  stay	
  in	
  the	
  par:cle	
  while	
  
the	
  O:C	
  ra:o	
  increases.	
  

Fig	
  1.	
  Steps	
  in	
  the	
  forma*on	
  of	
  IEPOX	
  from	
  OH-­‐ini*ated	
  isoprene	
  oxida*on	
  	
  

In	
  this	
  study,	
  we	
  aim	
  to	
  inves:gate	
  
the	
   oxida:on	
   of	
   IEPOX	
   in	
   par:cles	
  
under	
   atmospherically	
   relevant	
  
condi:ons.	
  We	
  show	
  that	
  oxida:on	
  of	
  
IEPOX-­‐derived	
  SOA	
  can	
  be	
  a	
  significant	
  
source	
  of	
  highly	
  oxygenated	
  gas-­‐phase	
  
compounds,	
   especially	
   organic	
   acids,	
  
and	
  that	
  oxida:on	
  of	
  organic	
  material	
  
remaining	
   in	
   the	
   par:cle	
   phase	
  
proceeds	
   most	
   rapidly	
   in	
   sulfate-­‐
containing	
  aerosol.	
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Fig	
   2.	
   The	
   isomers	
   of	
   IEPOX	
   and	
  
their	
  rela*ve	
  yields	
  from	
  ISOPOOH	
  	
  

Fig	
   3.	
   Average	
   annual	
   IEPOX	
   concentra*on	
  
(ppbv),	
   0-­‐1	
   km	
   al*tude,	
   from	
   a	
   recently	
  
modified	
  GEOS-­‐Chem	
  v.9-­‐02	
  mechanism	
  	
  

lights	
  on	
  

*Errors	
  in	
  reported	
  ppbv	
  (CIMS)	
  are	
  dominated	
  by	
  30%	
  uncertainty	
  in	
  instrument	
  sensi:vity;	
  	
  errors	
  in	
  reported	
  par:cle	
  organics	
  
(AMS)	
  are	
  dominated	
  by	
  uncertain:es	
  in	
  collec:on	
  efficiency	
  of	
  30%	
  &	
  50%	
  for	
  chamber	
  and	
  flow	
  tube	
  respec:vely.	
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