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Fourier Transform — Infrared (FT-IR) Spectrometry

Non-destructive, fast technique
Probes particulate matter composition (organics and inorganic bonds)
PM2.5 samples collected on Teflon (PTFE) filters
Feature-rich vibrational spectra in the mid-IR range
For monitoring networks
* Routinely collected Teflon samples
» Analysis by other techniques (XRF) and archived
* Reproduce existing OC and EC data

* Provides additional characterization including functional groups,
organic matter (OM), and source apportionment (and inorganics)




Objective: Characterize Carbonaceous PM
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FT-IR spectra of IMPROVE filters

Fresno, CA, January, 2013

I I I | I T I I I I T I T I I

14 . Carboxylic Acid (OH) 1]
; +
12+ Alcohol (OH) Ammonium (NH4) PTFE (CF,) i
’_/ Aliphatic (CH) Nitrate (NO)
1 -

208 5
< Amine (N-H) Nitrate

- Carbonyl (NOS)

' (C=0)
\
04
Scattering
0.2+

| | | | | | | | | | | | | | |
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800

Wavenumber (cm'1)




FT-IR spectra of IMPROVE samples

Birmingham, AL, August and September, 2013
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Methods: Calibration Development
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Methods: Calibrations for FT-IR OC and EC

ambient sampled FT-IR spectra
teflon filters

TOR data
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IMPROVE 2011, 2013, 2015 to current
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CSN and FRM 2013 and CSN 2017

CSN and FRM in 2013

CSN 2017
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FT-IR OC: TOR-equivalent OC in IMPROVE

IMPROVE 2011 -7

IMPROVE 2011 — 7 sites collocated TOR sites
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FT-IR OC: TOR — equivalent OC

IMPROVE 2011 — 7 sites

CSN 2013 — 9 sites
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IMPROVE FT-IR OC
extending predictions to different years and sites
with spectral processing
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FT-IR OC
In FRM network -
new data
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Calibration for two FT-IR instruments

o Subset of 2015 IMPROVE samples analyzed on FTIR1 and FTIR2
 Developed model for each instrument separately and one jointly, apply to test set
 Models perform equally well — similar results for EC

FTIR1 model to predict FTIR1 FTIR2 model to predict FTIR1 Hybrid model to predict FTIR1
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Instrument stability — moved instrument in May, 2016

May - July 2016 swaps samples

Feb - April 2016 swaps samples
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2015 IMPROVE FT-IR OC preliminary results

All sites
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EC

e Lower mass than OC
e Less IR active than OC

* Functional group composition of EC changes with source and
atmospheric processing

=) Requires additional methods to produced high quality FT-IR EC data




Multi-level modeling
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New spectrum
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FT-IR EC in IMPROVE and CSN

FT-IR EC (ug)
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IMPROVE EC
Extending to different year and sites
with spectral processing
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FT-IR EC iIn FRM

e Use spectra of CSN filters and CSN TOR data to develop calibration for FRM
e Baseline correct to minimize filter type
e Account for flow differences
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FT-IR EC
In FRM network -
new data
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Calibration Development for FT-IR OC and EC
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Calibration Development for functional groups
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OM/OC in 2011 IMPROVE samples

OM/OC for Seven IMPROVE sites
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Amine (NH,) standard selection
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Annual mean OM/OC at 16 IMPROVE sites In
2013 from five functional groups

omoc

Contribution of each functional group to OM/OC
Urban sites — lower OM/OC

Kamruzzaman, Takahama and Dillner, accepted




Functional groups and OM in the SEARCH network

Southeastern Aerosol Research and #rural @ urban  ®suburban
Characterization Network

* regional speciation network

o 2 urban/rural pairs

e 1 suburban site
 Sampling

» Filter based

e Continuous

* More extensive analysis than IMPROVE _
or CSN FT-IR analysis

: . o 2016 — daily samples
 Network discontinued as of 12/31/2016 . 2008-2015 — 1 month/season

(1 in 3 days)




Selecting appropriate standards for calibration
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Oxalic Acid — most abundant dicarboxylic acid
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Carbonyl Stretching Region
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Calibration Development for functional groups
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Calibration Development for functional groups
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Calibration Development for source apportionment
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Soil (IMPROVE Phoenix samples in spring)

T T T T T T T T T T T | T
1k Al O-H +N-H PHOE (06/30/2013) Siliceous il
(silicates) (organic) PHOE (05/04/2013) material
i2 | l NH,* modes
.E 0.8 —
= C-H (organic)
8 0.6 NH,* bends
c CO, bends
@
E (carbonate)
O 04 O-H
(73]
0
<
0.2
O | | ! | ! l ! | I ! | 1

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
“1
Wavenumber (cm ')




Fresh vehicle emissions (Caldecott Tunnel sample)
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Rim Fire
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werove 2o OFganic matter source apportionment

Urban: Phoenix, AZ _
Rural: 6 sites Source-apportioned OM

Ambient sample - =
spectra =B
Source profiles
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e
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Kuzmiakova, Dillner and Takahama, in prep.
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Calibration Development for source apportionment
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Calibration Development for source apportionment
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Mass Balance modeling network data sets for

source apportionment




Characterizing PM in monitoring networks with FT-IR
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Summary

FT-IR is a non-destructive, fast method

Uses teflon filters routinely collected in networks

Shown proof of concept for:
e TOR OC and EC in IMPROVE, CSN and FRM
« Calibrations across multiple instruments, instrument stability
* Network wide calibrations

¢ OM/OC and functional groups

* Functional group contribution to OM (or OM/OC)
« Additional functional groups

e Source apportionment

e Promising but more development needed

FT-IR is non-destructive, fast method for characterizing

carbonaceous particulate matter in monitoring networks
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o Predicting OC and EC for IMPROVE at different sites/years, Reggente et al., 2016
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o Functional groups and OM/OC

0 Determination of OM and OM/OC by FT-IR, Ruthenburg et al., 2014

o Quantification of carbonyl by FT-IR, Takahama et al., 2013

o OM/OC with improved model selection, Takahama and Dillner, 2015

0 Amines and their impact on OM/OC in IMPROVE, Kamruzzaman, Takahama and Dillner, in revision
0 Automated Baseline correction

o0 Automated baseline correction method, Kuzmiakova, Dillner and Takahama, 2016
0 Source Apportionment

0 Source Apportionment in IMPROVE, Kuzmiakova, Dillner and Takahama, in prep




Subset of IMPROVE 2015 samples analyzed on two
FT-IR instruments — FT-IR EC
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Time series of FTIR OC - TOR OC

2015 - 2016 Swaps prediction (FTIR1) - hybrid model
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