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Presentation Notes
Start off thanking Mike Jenkin


WP1: Chamber studies of biogenic VOC emissions and SOA formation,

This work package is focussed on studying the formation of organic aerosol from
biogenic organic precursors within the controlled environment of a “smog”
chamber. The specific objectives are:

i) To quantify BYOC emissions, in terms of physiological and environmental factors,
from native and commercial tropical forest plant species.

i1) To characterise low vapour pressure gas phase organic compounds formed during
the photo-oxidation and O, reaction with key BVOC species (selected as describe in
Section 4) and to compare observations with species predicted by detailed
mechanisms developed in WP3.

il acterise the properties (hnumber, size, hygroscopicity, small a
organic compound speciation, size-segregated broad speciation and CCN
activation) and evolution of multicomponent aerosol particles formed in chamber

experiments from a series of single precursor biogenic species under a range of
pho ical an aerosol conditions.

iv) To compare organic aerosol formation processes elucidated from single
precursor compound experiments with aerosols formed via an ensemble of
precursor chemicals derived from a mesocosm atmosphere containing single plant
species using the mesocosm as a feed chamber for the aerosol reaction chamber.

v) To use synthetic mixtures of precursor compounds to mimic selected mesocosm
emissions to validate model predictions and mesocosm
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Chamber and mechanism development compounds chosen from emissions from

tropical plant species based on Danum Valley tower footprint botanical survey
Species in MCM

New target species
Ve A ~N Monocyclic diene g P
isoprene monoterpene :
/ Acyclic triene monoterpene oxygenate
OH
o—pinene B—pinene
Bicyclic monoterpene — endo- and limonene oc—termen myrcene B—caryophyllene linalool
exocyclic double bonds Monocyclic conjugated Reactive sesquiterpene
diene monoterpene
ocimene o—humulene
3-carene sabinene terpinolene a—phellandrene
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Target compound reactivity and representative lifetimes

K(OH) | k(Os) | Kk(NOy) ©(OH) 1(05)
1072 106 107 [OH] =10°cm™ | [OH]=10"cm™® | [0s] =10ppb | [Os] =100 ppb
cm® molecule™ s
limonene 171 2.0 12.2 1.6 hr 10 min 5.6 hr 33 min
a—terpinene 363 210 97 46 min 5 min 3.2 min 19 sec
myrcene 215 4.7 11.0 1.3 hr 8 min 2.4 hr 14 min
B—caryophyllene 197 116 19.0 1.4 hr 8 min 5.7 min 34 sec
linalool 159 4.3 11.2 1.7 hr 10 min 2.6 hr 16 min

Ozonolysis OH vields:

limonene;

o—terpinene:

myrcene:

pB—caryophyllene:

linalool:

0.67
0.38
0.63
0.06
0.68

In practice, OH and O; initiated chemistry will

occur in
experiments

both

photo-oxidation

and dark

NO, initiated chemistry will also be represented in
mechanisms (O(°P) and NO, initiated chemistry
will also not be overlooked)

The University

'rll\'"l'|' - S CTOF
OT viancnestel







Clean bag with realistic illumination
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Experiments Oct-Nov 07 and Feb-May 08

During the first intensive chamber programme, from 5th October - 30t" November
2007, 20 photo-oxidation experiments were conducted at a single VOC / NOx
ratio of 2 / 1, at nominal 25°C and dewpoint of 15°C (RH 60%):

10 x chamber background

10 x a-pinene

4 x B-caryophyllene

2 X a-terpinene

2 x limonene

2 x ocimene / limonene mixture
for “low” and “high” concentrations (42 and 210ppbv, c. 50 and 250ppbv).
Online measurements included aerosol composition (AMS), size (DMPS),
hygroscopicity (HTDMA), cloud activation (CCN), and gaseous VOCs / OVOCs by
PTR-MS from 29th October. Full suite available: 29t October to 9t November.
29t February - 28t April 2008. 19 more photo-oxidation experiments conducted
at VOC / NOx of 2 / 1 and same nominal conditions:

7 x chamber background

6 x B-caryophyllene

6 x limonene
again for “low” and “high” concentrations (42 and 210ppbv, nominally 50 and
250ppbv). Objective: provide snapshot filters of entire chamber contents at

different times to investigate ageing using the York analysis.
'he Uniy V€ r-|i

£ AN

U"lﬁi. =11




June ’08 series of experiments...

The ongoing intensive chamber programme, from 16t June - 11t July 2008, 14
photo-oxidation experiments being conducted at a single VOC / NOx ratio of 2 /
1, at nominal 25°C and dewpoint of 21°C (RH 80%), plus additional “experiments
of opportunity” in final week:

4 x chamber background

2 X myrcene

2 x linalool
for “low” and “high” concentrations (42 and 210ppbv, c. 50 and 250ppbv).

3 x isoprene + stable oxygenated organic seed

1 x limonene + stable oxygenated organic seed

1 x isoprene + (NH,),S0, seed

1 x limonene + (NH,),SO, seed

Online measurements included aerosol composition (AMS), size (DMPS),
hygroscopicity (HTDMA), cloud activation (CCN), and gaseous VOCs / OVOCs by
PTR-MS, O;, NO,, NO. Offline filter analyses by GCxGC/MS and LC/MS".

l:-l{,,l HH.L IWI[} MANCHESTER.
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PART 1, Measurement Techniques - DMPS Aerosol Size Distributions

delayed onset nucleation faster nucleation
o-pinene, 42 ppb, 315t Oct B-caryophyllene, 42 ppb 5t Nov

31t e, 50 Mo, 2: 51 Wovember tllene, 4 21
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Offline Separation & Mass

N = 4 _u' = ] _
THE UNIVERSITY@”/&WQ SpeCtrOmetrIC AnaIySIS

Ultra Hi-Vol Filter Sampling
- Empty the entire chamber contents through a pre-fired quartz 47
mm filter
- Use blower at 3 m3 min' for 5 to 6 minutes

SOA Component Analysis Using
- GCxGC-MS to look at small semi-volatiles
- LC-MS to study oligomeric compounds

Samples analysed so far (NB LC-MS" only)

- 09/10/07 and 10/10/07 a-pinene <30 ppb

- 05/11/07 and 06/11/07 B-caryophyllene (42 ppb and 210 ppb)
- 08/11/07 and 09/11/07 o -terpinene (42 and 210 ppb)

- 29/11/07 and 30/11/07 limonene and ocimene

- low limonene



Identified Product

Pinonic acid

o-pinene SOA

2 experiments 09/10/2007
and 10/10/2007

Both [VOC], < 30 ppb

Ran as a test against
historical samples at
Euphore

Run-to-run reproducibility
~ 10 %.

Compounds identified by
MS? and reference to
previous work

*+ pinonaldehyde
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Molecular weight distribution

e Inject water extract of filters directly into MS to get a

molecular weight distribution

g1 .4 141 .1
o4 A l. A .J\_NLJ\.jI I.l.Lthl.

+M S, 0.0-2.0min #(145-2200

100

e Maximum abundance at around 190-230 Da

miz

« Small amount of higher molecular weight species but

minor component




Hygroscopic Growth Factor measurements by HTDMA

v

Sample

Dry Size Cut

Humidified
90%RH

A 4

Measure Size

Distribution

But, due the sizing technique and measurement uncertainties
data analysis is not trivial

1500 —

1000 —

Counts

500 —

Chamber1108, D, = 68 nml B

—— measurement
—=— retrieval back through forward
—— retrieved growth distribution

1.0 1.1 1.2 1.3 14
Growth Factor D/D,

uonnguisig ANliqeqold pasijewon

» Then back thorough to validate

The University
of Manchester

* Measurement is run through the forward model

» An error estimate is obtained by adding noise to the
signal and repeatedly inverting
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GFp 9oy €Volution, limonene SOA compounds on (NH,),SO, injected seed, 15t July
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DMT Continuous flow Cloud Condensation Nucleus (CCN) Counter

Activated Fraction

. CCE
number
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__, | total
number

1.0 4

0.5

0.6 -

0.4

0.2—_ :_0_2
1 o

R R e e =
01:10 01:15 01:20 01:25 01:30 01:35 01:40 01:45 01:50 01:55 02:00

Time

The University
of Manchester

uoleanesadng

MANCHESTER

1824



CCN Data Analysis

7Onm Ammonium Sulphate

70nm Ammonium Sulphate

0.5+

Activated Fraction

R e R R R |
13:35 13:40

Broad and narrow range of S scanned

0.2+

Ar plotted against S

0.1+

0.0+ '
T T T T 1

Scrit calculated by fitting a sigmoid to data
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Combining GF, and CCN behaviour: a-Terpinene, 210ppb, NOx 105ppb
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Aerodyne Aerosol Mass Spectrometer (AMS) - Quadropole version now replaced

with CToF version

Ambient Pressure
Sampling Orifice Quadrupole Mass Spectrometer

Aerodynamic Parficle  Particle Beam
Focusing Lens TOF Chopper

urbo Pump urbo Pump Turbo Pump,

The University “HESTE
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PART 2 SOA formed from B-caryophyllene photo-oxidation

NO (ppb) NO, (ppb) O, (ppb)
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« ~45 jons detected with high [VOC]
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Presentation Notes
Early” nucleation event in b-cary. experiments
 Coincides with appearance of 5 ions in m/s within first 10 mins. of experiment
 Profile peak ~ 150 – 200 mins.


SOA formed In B-caryophyllene
photo-oxidation

b Al &
{

THE UNISITY
e 2 samples

- 05/11/07 [VOC], = 42 ppb
- 06/11/07 [VOC], = 210 ppb

beta-caryophyllene

Artefact of electrospray ionisation
— .I IIIIIIII |
2071 2351 - L] :
300

100 200 400 500 600 mlz

- Unlike mono-terpene studies there is NO evidence of
oligomer formation in these samples

- Need to compare to those aged longer



LC-MS" B-caryophyllene SOA

o Using MS?%, 10 out of 12 major peaks identified in
chromatogram

e 4 seen in previous studies
e 6 tentatively identified by fragmentation patterns

50 ppb 250 ppb

\ |.k +ve
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This time can see differences between the two chromatograms


NEGATIVE
Compound

nor-caryophyllenic acid

2-(2-carboxyethyl)-3,3-
dimethylcyclobutanecarboxylic acid

3-(3,3-dimethyl-2-(3-
oxobutyl)cyclobutyl)-3-
hydroxypropanoic acid

2-(2-(2-carboxyethyl)-3,3-
dimethylcyclobutyl)acrylic acid

b-caryophyllonic acid

OH

OH

OH

OH

HO

OH

MW

172

200

242

226

252

m/z

171

199

241

225

251

rt

20.7

30.8

43.7

43.8

45.9
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Effect of [VOC]Q on SOA composition

« Peak SOA concentration in chamber 155, VS 67 45, HE M7,

- Ratio high to low ~ 3:1 at end of experiment
e (collected mass ~ 1200mg vs 500 mg, ratio 2.4)

Ratio 210 ppb / 42 ppb

HO
[e]

OH

2.9

Less than 2.0 20-35 Greater than 3.5
(0] HO o
OH 0O L
1.1 0.8 ; " |11.0) o
"~ o 0 2.5 3.2\
0 o /_\_<H <LOD *
] in 50ppb
0.4 o 1.7 -

OH

More in 42 ppb

Around equal

More in 210 ppb
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Presentation Notes
Different structures for the different categories.  More in 250 are all the aldehydes.  More in 50 ppb more oxidised molecules, further down the oxidation pathway. 


Comparison of estimated properties

More in 42 ppb sample More in 210 ppb sample
0
O
OH
OH 0
O

OH
Boiling point = 740 K
VP =1 x 10 torr
Log (p) = 2.7-3.01
(octanol:water)

Boiling point = 675 K
VP =3 x 10 torr
Log (p) = 0.58 - 1.01
(octanol:water)

More polar and water soluble Less polar but also less volatile



m43/SOA %

AMS fragments in SOA generated in B-caryophyllene photo-oxidation

p-Caryophyllene

—— 50ppb_050608
—— 50ppb_290508
—— 250ppb_280508
—— 250ppb_160408

SOA mass (ugm-3)

25 H

20 —

15

10 —

m44/SOA %

Time after lights on (hr) Time after lights on (hr)
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of Manchest A MANCHESTER




CCN properties of g-caryophyllene SOA
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Hygroscopic properties of g-caryophyllene SOA

Growth Factor at 90% RH

BUT GFp g0 IS low and stays the same with time:

1.10 S
1.08 —
1.06 —
®
1.04 - o’ R
® LY
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° . o @ °° b ® .0.0.00. °
1004 ®* o S 5 o
b ]
| I | | | I | |
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Time after lights on (hr)

Sub-saturated and super-saturated results do not match!
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PART 3 Physical & Chemical properties of BSOA from various

precursors: Can the picture be really simplified??

Collated HTDMA data: Initial SOA GFj oo, and change with aging
differs greatly with changing precursor
- SOA from different precursors like water to different degrees

® Betao-Caryophellene @ Limonene

Alpha-Pinene ®  Alpha-Terpinene s s
22 13- ® Myrcene @ Linalool . » ..' . en ®
=} » »
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Can the picture be simplified? SOA GFp 4, differs more with

changing precursor than changing concentration

Growth Factor at 90% RH, GFD 0%
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Can the picture be simplified? Linalool, Note initial rate of

change of GF g,

Growth Factor at 90%, EFD,QU%

1.25 - .
Q*’
¥ 50 ppb Linaloeol *e ; ¥
& 250 ppb Linalool o Y
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Can the picture be simplified? Linalool, GFj o4, Change is

reflected in rate of change of fraction activated to CCN

100 —
80 —
0.55% Supersaturation
S 60
<
L 40 -
o /
0 | [ | I | |
0 1 2 3 4 5 6
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— | — [ - 42 ppb Linalool

50 100 150 200 he Uni +
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Can the picture be simplified? Myrcene, Note initial rate of

change of GF g,

1.30 —
#® i
= 1.25 5 ¥
u” “ *
® B v o o0t o
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T 1154
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Can the picture be simplified? Myrcene, more rapid GFg g4y

change is also seen in earlier change of fraction activated

100 —

80 —

60 — 0.5% Supersaturation

Fa (%)

40 —

20 —

[ | [ [ I | |
0 1 2 S 4 5 6
Time After Lights On (hrs)

— I = | - 210 ppb Myrcene

100 200 300 400 | Tp—
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Molecular composition of SOA from biogenic precursors

ms2 207

Inlens7 = GREEN a-terpinene
- brown a-pinene
2070 arsd red limonene

a-terpinene i L
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Same m/z but different rt and MS? The University
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PART 4 Future work: full analysis of the seeded work ...

Inorganics and stable organic seeds

Limonene 50ppb on stable oxygenated organic SOA

po/m3, size (nm)
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Future work: the mesocosm experiments - using the plant

chamber to fill the bag... & building up synthetic VOC mixtures
Taklng emissions from

lant species

ldentifying gas:
components for A :_
CIR-ToF-MS (ULeic)

GCxGC/MS (UYork) | -
LC/MS" (UYork) sniverslty ENNCEEE
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