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Size-dependent depositional loss of inorganic, organic, and mixed 
composition particles to Teflon chamber walls under various environmental 
and chemical conditions

Adrianne Nakagawaa, Kelvin H. Batesb,c� , and Tran B. Nguyenc 

aDepartment of Chemistry, University of California Davis, Davis, California, USA; bCenter for the Environment, Harvard University, 
Cambridge, Massachusetts, USA; cDepartment of Environmental Toxicology, University of California Davis, Davis, California, USA 

ABSTRACT 
Corrections for first-order particle losses to Teflon chamber walls are important sources of 
uncertainty in experimental studies of particle formation and aging. Particle size distribu
tions and environmental factors significantly influence wall loss corrections; thus, it is impor
tant to characterize size-dependent particle loss profiles under myriad experimental 
conditions that may alter deposition rates. This work investigated size-dependent loss coeffi
cients of inorganic (ammonium sulfate, AS), organic (sorbitol, C6H14O6), and mixed compos
ition (AS þ sorbitol, 1:1 by mole) particles to a Teflon chamber under varying chamber 
temperature (20–40 �C), relative humidity (RH, <10–80%), illumination (dark vs. 100% cham
ber lights), particle water (crystalline vs. deliquesced vs. metastable), and chamber usage his
tory conditions (clean chamber vs. following chemical experiments). It was found that 
temperature and lights had negligible to minor effects on loss rates for all particles, while 
RH, particle water, and chamber usage history each had major effects under all tested con
ditions. Particle wall loss rates were higher under humid than dry conditions, and higher for 
deliquesced particles than for dry particles at similar RH. Chemical conditions that intro
duced acidic species to chamber walls the day prior to a wall loss experiment were respon
sible for uncertainties of up to �50% in wall loss rate profiles, despite recommended 
chamber flushing regimens. These data suggest that sensitive OA formation or aging experi
ments may consider obtaining same-day wall loss profiles from the target experiment. 
Otherwise, size-dependent corrections for particle wall loss should consider particle compos
ition, particle water, RH, wall usage history, and possibly illumination conditions.
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1. Introduction

Atmospheric simulation chambers (i.e., “smog” cham
bers) are often used to study the chemical and phys
ical transformations of aerosol particles. Although 
atmospheric simulation chambers can be constructed 
from various materials (e.g., stainless steel, polymer 
plastics, quartz, glass), a majority of the large cham
bers that are run in batch mode are constructed from 
optically transparent TeflonVR (polytetrafluoroethylene) 
polymer film due its characteristics of light transmissi
bility, durability, and chemical inertness. Particle 
interactions with Teflon chamber walls are a signifi
cant source of uncertainty in organic aerosol forma
tion and aging experiments (Wang et al. 2018a), and 

particle wall losses can be affected by the various dis
advantageous qualities of Teflon films in addition to 
gravitational sedimentation, diffusion, and other uni
versal chamber effects (Corner and Pendlebury 1951; 
Crump and Seinfeld 1981; Crump, Flagan, and 
Seinfeld 1982; McMurry and Rader 1985). For 
example, Teflon is an insulating material that holds 
electrostatic charges, and electrostatic effects contrib
ute to depositional wall losses of particles in the 0.05- 
1.0-mm diameter range (McMurry and Grosjean 1985; 
Pierce et al. 2008). Teflon walls can also retain a usage 
“history” of experiments performed in the chamber, 
as mechanical cleaning of Teflon chamber walls is 
often infeasible. This has been documented to affect 
wall losses of vapors (Loza et al. 2010; Shao et al. 
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2022) and may logically extend to wall losses of par
ticles although it has not yet been shown explicitly. 
Moreover, in sufficiently humid conditions, the sur
face of Teflon chambers can be coated with a liquid 
sublayer (Huang et al. 2018), further suggesting that 
interactions between chamber walls and particles of 
different composition and phase are likely complex.

Wall loss rates of particle numbers (N) in chambers 
have been classically expressed as an apparent first- 
order loss through the particle diameter (Dp)-depend
ent wall loss coefficient b (Crump, Flagan, and 
Seinfeld 1982):

dN
N

¼ �b Dpð Þdt 

While b is influenced by kinetic parameters for 
eddy-diffusion or coagulation (Charan et al. 2018; 
Nah et al. 2017; Wang et al. 2018a), the observable 
losses of particles can be extracted as a time-depend
ent exponential decay at each Dp size bin. Some early 
chamber experimental efforts either ignored particle 
wall losses (Stern et al. 1987) or focused on size-inde
pendent wall loss rates using monodisperse aerosol 
(Chen, Yeh, and Cheng 1992; Ingebrethsen and Sears 
1989; Offermann et al. 1985; Okuyama et al. 1977; 
Pandian and Friedlander 1988), although even the ear
liest wall loss parameterizations noted the size 
dependence of diffusional and gravitational particle 
wall loss rates in stirred rectangular vessels (Corner 
and Pendlebury 1951). These early parameterizations 
were eventually generalized to chambers of other 
shapes (Crump and Seinfeld 1981), modified to 
include the electrostatic effects of Teflon (McMurry 
and Grosjean 1985; McMurry and Rader 1985), and 
validated experimentally in numerous chambers 
(Crump, Flagan, and Seinfeld 1982; Okuyama et al. 
1986; Park et al. 2001; Takekawa, Minoura, and 
Yamazaki 2003).

Presently, there are a number of particle wall loss 
corrections suggested and applied in the scientific lit
erature: (A) a particle size-independent correction 
based on total particle mass concentration (Pathak 
et al. 2007; Wang et al. 2014; Weitkamp et al. 2007); 
(B) a particle size-dependent correction based on 
either an average b loss profile (e.g., Fry et al. 2014; 
Keywood et al. 2004; McMurry and Grosjean 1985; 
Ng et al. 2007), a b loss profile dependent on certain 
parameters (e.g., particle loading; Schwantes et al. 
2019) or experiment-dependent b loss profiles (e.g., 
Wang et al. 2018b); and (C) a size-independent par
ticle composition-based correction using the ratio of 
organic aerosol either to sulfate aerosol measured by 
an aerosol mass spectrometer (Henry and Donahue 

2012; Hildebrandt, Donahue, and Pandis 2009; Loza 
et al. 2012) or to black carbon measured by an aethal
ometer (Hennigan et al. 2011). However, Wang et al. 
(2018a) demonstrated how size-independent loss rate 
constants introduce significant error into wall loss 
corrections especially for size distributions containing 
ultrafine particles (Dp < 100 nm) due to coagulation. 
Furthermore, the authors found that particle wall 
losses can vary both between and within experiments, 
yet a systematic evaluation of size-dependent particle 
wall losses under the large array of potential experi
mental conditions tested in atmospheric simulation 
chambers is not yet available in the literature.

This study examines particle wall losses in a Teflon 
chamber for inorganic (ammonium sulfate, AS), 
organic (sorbitol), and mixed composition 
(AS þ sorbitol at 1:1 molar ratio) particles as a func
tion of chamber relative humidity (RH), chamber 
temperature (T), particle water (dry/crystalline or wet/ 
hydrated), illumination from chamber lights, and 
lastly, chamber usage history with respect to chemical 
oxidation experiments. We did not include a coagula
tion correction for experimentally derived b (Dp) pro
files as we only consider relative trends in b (Dp) 
profiles. Additionally, a majority of the observed dif
ferences in particle wall loss rates are in the larger Dp 
range where coagulation is less important and where 
the correction to mass concentration has the potential 
for the highest errors.

2. Experimental

2.1. Chamber design and use

Wall loss experiments were conducted in a rectangular 
prism 10 m3 environmental chamber (surface area, 
28 m3) constructed from Dupont Teflon-FEP with a 
thickness of 2 mil (0.002 inch). The suspended bag is 
housed in a climate-controlled enclosure with UV- 
reflective interior siding. Two sets of Sylvania 40 W 
broadband blacklights (peak wavelength, 350 nm) are 
installed along opposite walls of the enclosure with 
each set comprised of thirty-six bulbs. The mixing 
method for this chamber consists of ten rapid pulses 
of pressurized purified air. The pulsed air is injected 
by toggling a manual actuator between open/closed 
for about 1–2 s on each pulse.

We completed these experiments over a several 
month period during which the chamber was also 
being used to conduct oxidation experiments involv
ing ozone, nitrate radicals, sulfur dioxide and/or ter
penes. Prior to each wall loss experiment, we flushed 
the chamber overnight with dry purified air at 100 L 
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min−1 ensuring at least 17 h of cleaning and more 
than 7 chamber volumes of flushing air between any 
other usage. This cleaning method is consistent with 
guidelines and standard operating procedures for 
chambers of similar size (Bell, Doussin, and Hohaus 
2023; Ma et al. 2022; Wu et al. 2007). In some cases, 
the chamber was photochemically cleaned prior to 
overnight flushing by irradiation of 4 – 10 ppm H2O2 

while heating to �40 �C without particles or organics 
present. In general, starting particle concentrations 
were below 15 cm−3 (0.20 lg m−3), and for those 
experiments with higher starting concentrations, we 
determined the chamber had been flushed for at least 
two consecutive days or more between uses; thus, we 
do not consider the higher concentrations to be evi
dence of chamber contamination.

2.2. Experimental design

We conducted a total of 26 unique particle wall loss 
experiments using either AS (�99.0%, Sigma Aldrich), 
sorbitol (>97.0%, Tokyo Chemical Industry), or a 1:1 
molar mixture of AS and sorbitol. The seed particles are 
representative compounds for inorganic, organic, and 
mixed composition species, respectively. For each of the 
three different seed compositions, we systematically 

varied the experimental conditions in the chamber with 
respect to RH, dry/wet seed injection, temperature, and 
illumination. Table 1 shows the different experimental 
combinations, and it also indicates which experiments 
were preceded by an oxidation experiment on the previ
ous day.

In a typical wall loss experiment, the chamber was 
controlled to the desired temperature and humidity, 
and both temperature and humidity were monitored 
throughout the experiment with a membrane probe 
(Vaisala Inc.) calibrated with saturated salt solutions. 
After sealing off the chamber, atomization of the seed 
solution with UHP N2 gas (Linde) proceeded for 
25 min followed by bursts of pressurized purified air 
to mix the chamber. The atomized particles passed 
through a 210Po neutralizer to ensure a consistent 
charge distribution and a charcoal denuder to remove 
water vapor and gas-phase contaminants. Particles 
were typically injected in the range of 1 – 3 �

105 cm−3. To ensure similar particle loading during 
injection, we prepared aqueous solutions for each of 
the seed compositions at total concentrations of 
0.02 M using ultrapure water. For experiments with 
wet injection, the particles were also passed through a 
heated wet-wall denuder to achieve particle deliques
cence. Mass concentrations for injected particles are 

Table 1. List of unique particle wall loss experiments performed.
Seed Composition RH Dry/wet injection Temp. (�C) Dark/ Lights Prev. day oxidation expt. Repeated

AS <10% dry 20 Dark N N
AS <10% dry 30 Dark N N
AS <10% dry 40 Dark N N
AS <10% dry 40 Dark Y N
AS 60% dry 20 Dark N N
AS 60% dry 20 Light N N
AS 60% wet 20 Dark N Y
AS 80% wet 20 Dark N N
AS þ Sorb <10% dry 20 Dark N N
AS þ Sorb 60% dry 20 Dark N N
AS þ Sorb 60% wet 20 Dark N N
AS þ Sorb 80% wet 20 Dark N N
Sorb <10% dry 20 Dark N N
Sorb <10% dry 20 Light N Y
Sorb <10% dry 20 Light Y N
Sorb <10% dry 30 Dark N N
Sorb <10% dry 30 Dark Y N
Sorb <10% dry 40 Dark N N
Sorb 60% dry 20 Dark N Y
Sorb 60% dry 20 Light N N
Sorb 60% wet 20 Dark N N
Sorb 60% wet 20 Dark Y N
Sorb 60% wet 20 Light N Y
Sorb 60% wet 20 Light Y N
Sorb 80% wet 20 Dark N Y
Sorb 80% wet 20 Dark Y N

Seed particle compositions tested include ammonium sulfate (AS), sorbitol (Sorb), and a molar equivalent mixture of both (AS þ Sorb). Relative humidity 
(RH) values represent ranges that are ±5%. Temperature values (±1�C) can increase ca. 3 �C when 100% lights are turned on. Dry injection is a direct 
atomization into the chamber, while wet injection is an atomization through a heated wet wall denuder. Oxidation experiments performed include 
ozone and nitrate radical oxidations of terpenes (a- and b-pinene, ocimene, sabinene, etc.) and photooxidation of sulfur dioxide (SO2). Repeated experi
ments have been replicated 2–3 times.
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in the range of 200–500 lg m−3 with a mean Dp of 
50–90 nm depending on particle water content. If the 
experiment was performed under illumination, all 
light bulbs were turned on immediately following 
mixing air and left on for the duration of the experi
ment. The timescale of mixing for particles in the 
chamber is < 5 min with mixing air and > 30 min 
without.

We monitored particle losses using a scanning 
mobility particle sizer (SMPS, TSI 3080 electrostatic 
classifier coupled to a TSI 3772 condensation particle 
counter) with diameter cutoffs set at 15 and 670 nm 
and a sampling frequency of 5 min. Wall loss experi
ments ranged from 3 to 10 h in length, with the 
experiment start time demarcated by the final injec
tion of mixing air for dark experiments or by turning 
on lights for illuminated experiments. Given the sam
pling frequency, this allowed us to acquire at least 36 
scans for analyzing wall loss rates. Particle wall loss 
coefficients b(Dp) presented in Section 3 are calcu
lated by fitting particle number concentration data in 
each size bin to an exponential decay function using a 
custom Matlab program.

3. Results and discussion

3.1. Determining uncertainty of wall loss profiles

Figure 1 shows the particle number distribution and 
volume concentration data, extracted b (Dp) values 
and fitted wall loss profile, and the applied correc
tions for a representative particle wall loss experi
ment using dry sorbitol particles. First, it is 
important to establish the baseline uncertainty for 
repeated experiments. For experiments performed 
identically with similar wall usage history, we deter
mined that b(Dp) profiles are highly reproducible 
(Figure S1); the baseline uncertainty (1 standard 
deviation of repeated experiments) for extracting a 
wall loss profile is 4–8% across the entire experimen
tal Dp range and 2–9% in the range of Dp >

100 nm. While this repeatability error is relatively 
small, it may pose a challenge for experiments 
requiring greater precision, such as secondary organic 
aerosol (SOA) experiments where the mass gain or 
loss is slow. Furthermore, the associated errors in the 
correction will increase with experimental time such 
that b(Dp) profiles inherently produce more 

Figure 1. Representative particle wall loss experiment with sorbitol particles under dry conditions at 20 �C nominal temperature in 
the dark. Panel (a) shows the b(Dp) profile as raw extracted data points (black open circles) and a fitted curve (blue line). Panel (b) 
shows the total particle volume throughout the experiment as uncorrected data (black) and corrected using the b(Dp) profile 
shown in (a) (blue). Panel (c) shows the uncorrected particle number distribution throughout the Dp range as the experiment pro
ceeds (gradient blue to red, beginning to end). Panel (d) shows the particle number distribution of the experiment as corrected 
using the b (Dp) profile shown in (a).
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uncertainty in longer experiments compared to 
shorter ones. The repeatability errors may stem from 
computational fits and/or any of the numerous 
experimental preparations from setting the chamber 
environmental conditions to injecting the particles. 
The results obtained from varying experimental 
parameters in this work will be benchmarked against 
the baseline uncertainty to understand the signifi
cance of the deviations.

3.2. Effects of humidity and particle hydration

Chamber RH has a large impact on wall loss profiles 
for all particle compositions, much higher than the 
baseline uncertainty, but the effects depend on particle 
water content (Figure 2). We uniformly observe that 
all particles undergo slower wall loss at lower RH. In 
the dry (RH < 10%) environment the wall loss profile 

for AS particles (Figure 2a) exhibits a relatively sharp 
minimum, as smaller diameter particles are lost 
quickly to diffusion while larger diameter particles are 
lost to sedimentation in a batch mode reactor 
(Crump, Flagan, and Seinfeld 1982). At RH 80%, AS 
particles are fully deliquesced (Biskos et al. 2006) and 
it can be assumed that the chamber walls with previ
ously-deposited particles contain a film of water. 
These assumptions are consistent with the observed 
dampening of the minimum, higher overall loss rates, 
and slightly lower diffusional losses in the low diam
eter range when the particle is fully deliquesced. At 
RH 60%, AS particles can be either in a dry crystalline 
or a hydrated metastable state, the former if particles 
are injected dry and the latter if particles are injected 
“wet” past the deliquescence RH value using a wet 
wall denuder (typically held at RH > 95% when 
heated). We find that hydrated AS at RH 60% has a 
nearly identical b(Dp) profile to fully deliquesced par
ticles at RH 80%. However, loss rates at RH 60% are 
much lower for dry particles than wet ones, with a 
profile between that of the RH <10% and the RH 
80% scenarios. We also note that the size distributions 
are consistent with their corresponding b(Dp) profiles 
insofar as AS particles at RH 60% had a similar size 
distribution to dry crystalline AS particles in the RH 
<10% environment only when injected dry (Figure 
S2). When injected wet, the particles had distinctly 
larger mean diameters than either the dry AS at RH 
<10% or the dry-injected AS at RH 60%.

Interestingly, we found that the mixed composition 
particles (Figure 2b) behaved nearly identically to 
pure AS with respect to wall depositional losses, 
implying that, for a hygroscopic organic such as sorb
itol, AS likely controls the particle water when the 
molar ratio of organic to inorganic is equal. This is 
consistent with the small deviations in deliquescence 
RH values measured for 1:1 mixtures of AS with other 
water soluble organics (Parsons, Knopf, and Bertram 
2004, and references therein), all of which are higher 
than the 60% RH threshold tested here. It appears 
that, for AS and AS þ sorbitol systems, particles con
taining liquid water reach a maximum b(Dp) profile. 
It is not clear how these results extend to mixtures of 
AS with more viscous organics, such as SOA from the 
oxidation of certain aromatics or terpenoids (Reid 
et al. 2018). Nevertheless, these results show that par
ticle water plays a major role in wall deposition pat
terns, not just environmental RH. Furthermore, it is 
possible for particles to be hydrated differently than 
the walls at a particular RH, which should be 

Figure 2. The b(Dp) profile of sorbitol, ammonium sulfate (AS), 
and mixed AS þ sorbitol particles at different relative humidity 
(RH) in the dark. AS-based seed particles may be injected as 
hydrated particles (wet) or crystalline particles (dry) at 40% <

RH < 80% due to its deliquescence and efflorescence behav
ior. Sorbitol particles have continuum hydration behavior.
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considered when determining the most appropriate 
particle wall loss correction profiles and methods.

On the other hand, pure sorbitol particles 
(Figure 2c) neither deliquesce nor effloresce; they 
uptake water continuously at the full RH range but 
contain less than 10% water by mole until RH 40% 
(Peng, Chow, and Chan 2001). In congruence, the 
b(Dp) profile of sorbitol at dry conditions is similar in 
magnitude to mixed composition particles but with a 
less sharp minimum. As expected, and in contrast to 
AS particles, we found that dry vs. wet injections of 
sorbitol made little difference in its wall depositional 
loss profile, and again, the size distribution of sorbitol 
particles at RH 60% is consistent with the correspond
ing b(Dp) profile in that particles, whether injected 
dry or wet, were distinctly larger than dry sorbitol 
particles (Figure S3). Additionally, at higher RH con
ditions (60–80%), sorbitol particles contain approxi
mately 20–40% water by mole, and we observed no 
significant differences in loss profiles at these thresh
olds. It is possible that the b(Dp) profile for sorbitol 
particles is more sensitive in the low to moderate RH 
range (10% < RH < 60%) that was not tested here.

The trends of enhanced particle wall loss with 
higher RH and particle liquid water suggest that par
ticle deposition in humid conditions is both a func
tion of the particle’s properties and the characteristics 
of the Teflon film at that particular RH. While elec
trostatic effects should be dampened instead of exacer
bated with higher RH, water vapor can increase 
particle size to increase sedimentation (Kim et al. 
2023). Additionally, if we consider the treatment of 
dry deposition to wet surfaces in the environment 
(Emerson et al. 2020), the surface layer characteristics 
may change the efficiency with which particles are 
intercepted by the surface. Thus, for higher RH, the 
water layer on Teflon chamber walls likely increases 
particle capture efficiency by decreasing particle 
bounce (Huang et al. 2018), and particle liquid water 
may produce similar effects.

3.3. Effects of temperature and lights

In contrast to environmental RH and particle water, we 
found that chamber temperature did not significantly 
alter the wall loss profiles of AS (and presumably mixed 
AS) or sorbitol particles (Figure 3). While there is some 
deviation in the b(Dp) profiles at lower particle diameters 
(up to 14% in the sorbitol case), the standard deviation 
for particles that highly affect total particle mass (i.e., Dp 

> 100 nm) is � 4% in both cases, well within the base
line uncertainty. Temperature may affect diffusion- 

controlled processes more than sedimentation, which 
supports a larger b(Dp) profile variation for smaller 
diameter particles. However, we cannot rule out fitting 
uncertainties in this case either as the population of very 
small diameter particles tend to be much smaller than 

Figure 3. The b(Dp) profile of sorbitol and ammonium sulfate 
(AS) particles at different temperatures and RH < 10% in the 
dark.

Figure 4. The b(Dp) profile of sorbitol and ammonium sulfate 
(AS) particles at RH 60%, injected dry, in darkness (black) and 
with 100% chamber lights on (blue).
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mid-range diameter particles, and thus, may affect 
statistics.

Chamber lights produced a small but noticeable 
effect on particle wall loss, likely because their emitted 
heat influences temperature and RH. Otherwise-iden
tical experiments using dry-injected AS and sorbitol 
particles at RH �60% but with the fluorescent UV 
lights turned on or off (Figure 4) showed deviations 
in wall loss profiles outside of the repeatability range 
(1r deviations of 8–9% at all Dp, 13–14% at Dp >

100 nm). Even with the use of a temperature control 
system, heat from the lights is not perfectly modulated 
throughout the enclosure such that the chamber expe
rienced an increase of �2 �C from lights and, thus, an 
RH decrease of �5%. Given the minimal effects of 
temperature on b(Dp) profiles (Figure 3), we attribute 
the decrease in wall loss rates when the lights are 
turned on to the subsequent decrease in RH. 
Typically, labs perform separate particle wall loss 
experiments in the dark, even when correcting for 
photolytically-initiated experiments. This practice is 
likely sound when RH is low, but at higher RH, add
itional errors may be introduced. Although the tem
perature and RH regulation effects from UV lights 
may be specific to our chamber, as a best practice we 
suggest that separate particle wall loss experiments 
should be performed in identical conditions with 

lights on, or that RH be adjusted to identical settings 
for the lights on and off scenarios.

3.4. Effects of chamber usage history

Of all the experimental parameters tested in this study 
(lights vs. dark, 20–40 �C, RH < 10–80%, and varied 
particle composition), chamber usage history affected 
particle wall loss rates most significantly (Figure 5). 
The particle wall loss experiments presented here were 
conducted contemporaneously with chemical experi
ments involving ozonolysis and nitrate radical (NO3) 
oxidation of various terpenes (e.g., a- and b-pinene, 
ocimene, sabinene [Bates et al. 2022]) as well as 
photochemical experiments with sulfur dioxide (SO2). 
During these experiments, the chamber walls were 
presumably contaminated with secondary organics 
with a range of functional groups (e.g., carbonyls, 
organic acids, organic nitrates, organic hydroperox
ides), nitric acid from the aqueous uptake of N2O5, 
and sulfuric acid. Despite our adherence to standard 
flushing protocols (Bell, Doussin, and Hohaus 2023; 
Ma et al. 2022; Wu et al. 2007), we discovered that 
b(Dp) profiles diverged considerably for particle wall 
loss experiments performed within 24 h after a chem
ical experiment (“dirty”) compared to those conducted 
in a “clean” chamber (where clean indicates that the 

Figure 5. b(Dp) profiles of sorbitol and ammonium sulfate (AS) particles at various conditions, comparing between wall loss experi
ments performed in a “clean” chamber (after oxidative cleaning and/or after flushing for > 3 days) and within 24 h of an oxidation 
experiment. Panels (a)–(c) feature repeated experiments done in the “clean” scenario, where the average b(Dp) profiles are shown 
along with 1-r standard deviation uncertainty bars in the y-direction.
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chamber has either been photochemically cleaned or 
unused for more than 3 days with constant flushing). 
For all six scenarios presented in Figure 5, the clean 
(black trace) and dirty (blue trace) chamber condi
tions yield strikingly different loss profiles, and the 1r 

error bars in panels a-c illustrate the magnitude of the 
discrepancies relative to the baseline uncertainty.

Evidently, the largest deviations in b(Dp) profiles 
occur when the previous day’s chemical experiment 
produced acids on the walls (NO3 and SO2 experi
ments), but more data are required to confirm if this 
is universally true. It is possible that hygroscopic com
pounds such as acids on the walls increase the water 
content at the surface of the Teflon film, which may 
lead to more efficient particle capture and reduced 
particle bounce on the walls. Nevertheless, it is clear 
that all prior chemical experiments introduced 

unacceptable levels of error into the b(Dp) profiles 
that cannot be explained through baseline repeatability 
errors. Under dirty environmental chamber conditions 
we extracted loss profiles with standard deviations of 
10–34% over the entire Dp range, and importantly, we 
observed deviations of 14–46% for Dp > 100 nm that 
contributes the most to particle volume and mass.

To understand the magnitude of the correction 
errors, we demonstrate the correction biases using sorb
itol wall loss data obtained in clean and dirty chamber 
environments both at RH 60%, 20 �C, and with the UV 
lights on (Figure 5b). Figure 6a shows how the b(Dp) 
profile extracted from a clean same-day wall loss 
experiment applies an acceptable correction to the par
ticle volume concentration data. Conversely, under 
identical experimental conditions the b(Dp) profile 
extracted from a dirty chamber (with a sabinene þ NO3 

experiment performed within 24 h before the wall loss 
experiment) on a different day overcorrects the particle 
volume data by approximately 40% after 200 min, and 
the discrepancy in the correction grows with experi
ment time. While number concentration data only dif
fer by 3% at the 200-min mark, the overcorrection 
from the dirty chamber b(Dp) profile shifts the particle 
distribution to a higher mean Dp (Figure 6b and c), 
resulting in a much larger discrepancy in particle vol
ume (and thus, mass). This is because the errors in par
ticle Dp are amplified in a cubic manner when 
calculating volume and mass. These data highlight the 
importance of size-dependent particle wall loss correc
tions, as even minor deviations in the particle Dp distri
bution can cause major uncertainties when correcting 
particle volume and mass. In SOA experiments, it is 
possible that errors in particle wall loss corrections may 
also affect the trend of SOA time evolution in addition 
to the magnitude of mass concentration.

Chemistry experiments conducted in the same 
chamber within close time proximity of each other are 
routinely corrected with non-unique, standardized 
b(Dp) profiles that neglect to account for the chamber’s 
usage history at the time of experimentation. In our 
chamber, chemical experiments performed with differ
ent hydrocarbons or different oxidation chemistry 
require multiple days of flushing (approximately 30 
volume exchanges) between each run and/or photo
chemical cleaning to be justifiably treated with the 
same standard b(Dp) profile obtained in clean chamber 
conditions. Or, rather, wall loss profiles may need to be 
considered on a day-by-day basis, ideally by using a 
pre-experiment period after initial particle injection but 
prior to any chemical reaction to measure wall loss 
rates under the precise experimental conditions. It may 

Figure 6. (a) Correction to particle volume data using the 
b(Dp) profiles from Figure 5b, respectively: black open circles 
are the uncorrected wall loss (WL) data in a clean bag; black 
closed circles are data corrected with the black b(Dp) profile in 
Figure 5b, which was obtained in a clean chamber with same 
day data; blue closed circles data corrected with the blue 
b(Dp) profile in Figure 5b, which was obtained after a 
sabinene þ NO3 experiment. (b) The particle number distribu
tion when corrected with the black b(Dp) profile in Figure 5b. 
(c) The particle number distribution when corrected with the 
blue b(Dp) profile in Figure 5b.

8 AEROSOL SCIENCE AND TECHNOLOGY



also be the case that deposition of gases and particles 
to chamber walls during an oxidation experiment indu
ces sufficient surface contamination to change particle 
loss rates over the course of the experiment, in which 
case an additional post-experiment wall loss period 
would be necessary to fully characterize particle loss 
rates during the experiment.

4. Conclusions

Though particle wall loss in Teflon chambers is a 
well-documented phenomenon, there is limited con
sensus on the best practices for applying wall loss cor
rections, and our work implies a need to consider 
various experimental conditions when developing 
size-dependent loss profiles. Among the conditions 
investigated in our Teflon chamber (temperature, RH, 
particle hydration, lights, particle composition, and 
usage history), we found: (1) chamber temperature 
exerted little influence on wall loss profiles of both 
inorganic (AS) and organic (sorbitol) particles; (2) RH 
and particle liquid water significantly altered wall loss 
profiles for all tested compositions including mixed 
(AS þ sorbitol) particles; (3) chamber lights had a 
minor effect, possibly via indirect effects on chamber 
RH and/or particle liquid water; and (4) chamber 
usage history with respect to chemical experiments 
had the most pronounced impact on wall losses for 
any particle composition under all tested conditions. 
In particular, these chamber usage findings recall the 
impacts of HONO and HNO3 deposition from prior 
experiments on radical generation seen in early cham
ber experiments (Bufalini, Walter, and Bufalini 1977; 
Carter et al. 1982; Besemer and Nieboer 1985), and 
may also be connected to the history effects hypothe
sized for wall losses of vapors (Loza et al. 2010; Shao 
et al. 2022). Matsunaga and Ziemann (2010) compared 
vapor wall partitioning between a new Teflon chamber 
and one used with SOA experiments and found min
imal differences between the two chambers; however, 
the SOA chamber in that work was routinely cleaned by 
exposure to light and oxidants, which would have 
removed the immediate chamber history effects shown 
here. We also show that the particle size dependence is 
highly important in wall loss correction considerations, 
as errors in the particle Dp distribution are amplified 
when calculating particle volume and mass.

Given the heterogeneity in chamber construction, 
operation, and usage histories, it may not be straight
forward to extrapolate trends from our chamber to 
other facilities. Stainless steel and other chamber 
materials may have entirely different particle wall loss 

dependencies, although they exhibit similar wall loss 
size dependencies to Teflon chambers (Wang et al. 
2011; Lamkaddam 2017; Massab�o et al. 2018) and can 
similarly retain usage histories in the form of depos
ited organic compounds (Schnitzhofer et al. 2014). 
Still, we recommend that experimental characteriza
tions of particle wall losses be performed under iden
tical conditions that consider particle composition, 
particle water, environmental RH, wall usage history, 
and possibly illumination from artificial or natural 
lights. Alternatively, experimenters may wish to indi
vidually characterize the effects of RH, particle water 
content, and chamber usage history on particle wall 
loss rates in their own chambers, by conducting a 
similar set of experiments to those shown here in 
which one variable is changed at a time (e.g., a base 
particle wall loss experiment using dry AS at 60% RH 
in a clean chamber, followed by one identical experi
ment except at <10% RH, one with the particles 
injected wet, and one <24 h after an oxidation experi
ment). The approach of extracting particle wall loss 
rate profiles from the an initial 4 h period prior to the 
start of chemistry (Wang et al. 2018b) may be more 
accurate than many other approaches currently in 
practice, although this does not account for the possi
bility of particle wall loss rates changing due to depos
ition of particles and gases to the walls over the 
course of the experiment, or due to any other alter
ation to environmental conditions. For sensitive or 
precise particle experiments, experiments that survey 
many different chemical regimes and conditions, and 
experiments conducted over long timescales, extract
ing and comparing wall loss profiles both before and 
after an experiment could enable a more thorough 
characterization of particle loss rates.
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