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How to grow a
particle?
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How to grow a
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Kelvin equation

Kelvin curvature effect
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Formation of droplet in pure air when Ll 1
relative humidity
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S — Saturation ratio
e~ equilibrium vapor pressure over a curved surface of pure water 10 5 10 15 20 25 30
e, — equilibrium vapor pressure over a flat surface of pure water particle radius (nm)
0,, — density of water
M, — molecular weight of water Dependence of the ratio of the saturation vapor pressure over a curved
o — surface tension of the solution/air interface surface to the saturation vapor pressure over a flat surface on the drop
s i it f At heric Sci PennStat
R — universal gas constant radius. Credit: W. Brune, Fundamentals of Atmospheric Science, PennState
Collage

T — temperature
D — diameter of droplet
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Raoult's Law
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() Solvent (in what we dissolve)

@ Solute (the substance dissolved in solvent)

nS
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nw+ g Van't Hoff factor
nS NS 3
forn >n_  y = =B B=
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@OC = " 00000O®0
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n,— number of moles of water per unit volume of solution
n,— number of moles of solute per unit volume of solution
n,— number of moles of water per unit volume of pure water
N,— total moles of solute

r,— radius of droplet
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Kohler theory

[Petters and Kreidenweis, 2007]
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Rault Law
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Kelvin Equation

S — Saturation ratio

e~ equilibrium vapor pressure over a
curved surface of water with solute

e, — equilibrium vapor pressure over a flat
surface of pure water

a,, — activity of water in solution

0,, — density of water

M,, — molecular weight of water

o,,, — surface tension of the solution/air
interface

R — universal gas constant

T — temperature

D — diameter of droplet

N, - number of moles of solute
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Kohler Curves
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S

s Number size distribution of CN and CCN at SS 0.2 - 1.0%
100.0 averaged over Monsoon. [Bhattu & Tripathi, 2014]
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Proposed parametrisation k

[Petters and Kreidenweis, 2007]
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S
— =14 x— (6) & — hygroscopicity parameter

a
w w

4o

sla —w

S(D) = a, exp

3_Dn3
D Dd

S(D) =

RTp D

exp
D3— D?l( 1-x)

V_ — volume of the dry particulate matter
V,,— volume of the water
D, — dry diameter

D — diameter of the system (water + solute)
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o
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0.1 1.0
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[Petters and Kreidenweis, 2007]
Fig. 3. Values of k for multicomponent particles, predicted from the
linear mixing rule (Eq. 7, ordinate) and estimated from CCN activ-
ity measurements (abscissa). Measurement-derived k values were
fit using 0 5/,=0.072 Jm~2 and T=298.15K. Black points: Sven-
ningson et al. (2006); red points: Raymond and Pandis (2003); blue
point: Broekhuizen et al. (2004). Indicated component ratios are
mass ratios. The value and origin of each individual-component x
applied in the mixing rule is given in Table 1. Vertical and hor-
izontal bars show an estimate of the uncertainty in measured and
predicted k. Dashed lines indicate £+30% deviation from the 1:1
line. Densities of the pure substances used for the conversion from
mass to volume fraction were those reported in the original studies.

g~ volume fraction of i-th

€K. ®

solute in volume of all
solute
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Computing «

s,— D, bestfitofeq.7

D3-D3 4o , M
S(D) = exp
D3-D3(1-x) RTp D
1+ 4 BD‘S’
S=EITD T Dy

HTDMA - humidified tandem differential mobility
analyzer.

RH gf>=1
exp(ngf) gf7—il—k) )

Critical supersaturation (%)

Hygroscopicity (k)
1.00 0.10 0.010.001
~—
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3:7 organicinorganic (0.62)
levoglucosan (0.21)
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[Petters and Kreidenweis, 2007]
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Typical k values in the atmosphere

Growth factor derived « CCN derived k
Compound
Klow Kmean Kup Klow Kmean Kup
(NH4)>S0. 0.33(© 0.53 0.726) N/A 06113 N/A .
| 3 Atmospheric
NH;NO3 N/A N/A N/A 0.577 0.67(10) 0.753 ticulat ter |
NaCl 0.91® 1.1203 1330 N/A 1.2803) N/A paT iculate ma er 'S
H>S04 N/A 1.1913) N/A N/A 0.90(13) N/A typlca | |y characterized
NaNO; N/A 0.8013) N/A N/A 0.88(13) N/A by 0.1<x<0.9
NaHS04 N/A 1.0103) N/A N/A 0.9113) N/A
Na)S0y N/A 0.68(13) N/A N/A 0.8013 N/A .
no-hygroscopic 0
(NH4)3H(S04)2 N/A 0.5113) N/A N/A 0.65(13) N/A sliahtl 0.0
malonic acid Hygroscopicity () 0.199 0.2270D 0.255 g hy ) O' 5
10" 10” 10°0 i
glutaric acid O LR 0.054 0.088) 0.016 Very nygroscopic u.
< \ N\ insoluble, but wettable 0.113 0.195®) 0376 sea salt 1 1 _
s 3 by pure water, k = 0 ’ i i ’ .
glutamic acid = 0.113 0.1820) 0319 H H
E. haisd s 031 sodium chloride 1.5
[
(2]
inic acid 5 0.166 02314 0.295 ) I .
S g [Zieger, Véisdnen, Corbin, 2017]
adipic acid @ % Feke N/A 0.096(1) N/A
€ 17 Petzoldetal. T
levoglucosan @ ]| 2008 0.193 0.208110) 0.223
< £ Combustion
ke . > Particles: <
phthahc ac1d ‘3 : O Uncoated A AN A ncalS) A4 am
E A Coated N\ NN _ 3
homophthalic acid 3 4 5 678 91(')0 2 5~ sootk=01010
leucine Soot Critical Dry Diameter (nm) [MOOFG, Ziemba, et al., 201 4]
P rs and Kreidenweis, 2007
[Petters and Kreidenweis, 2007] knurowska@fuw.edu.pl




How a particle can behave exposed to different Rh?

A) non — hygroscopic
soot

mineral dust

[Weingartner 1997, Sjogren 2007]

aged particles
insoluble particles with
hygroscopic inorganic
species

[Petters et al., 2006]

B) soluble & hygroscopic
sulfuric acid (H,S0,)
organic compounds

[Titos, 2016]

C) transition point & hygroscopic

sodium chloride (NaCl),

ammonium sulphate (NH,),SO,

[Titos, 2016]

deliquescence point (DRH)

efflorescence point (ERH)
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Absorption
and
Adsorption



https://www.sanier.pl/bw-hasla/slownik-absorpcja/

How a particle behave exposed

to different Rh?
104 (b) NaCl .
e |1 O Hydration
O g O Dehydration 4
5‘ 4+ "Non-prompt” deliquescence
1 -+ "Non-prompt” efflorescence
g 64 — Full Kdhler model E
o
= @0
0 4] Al ¥ Al . L) & L) L/
0 20 40 60 80 100
s w10 ETEM - envi I
Relative hum|d|ty (/o) DRH 75%+ 2% transmisegi\ggoglrgcipct)i
microscope

[Vlasenko S. et. al, 2017]

“The mass growth factor (G ) of ammonium
sulfate (a) and sodium chloride (b) aerosol
particles observed as a function of relative
humidity (Rh) compared to the full Kohler model:
blue and red crosses represent apparent

non—prompt deliquescence and efflorescence
) knurowska@fuw.edu.pl
thresholds.

The history of a particle is
extremely important

[Wise, Martin et. al., 2008]




0 % RH 16 % 40 %

NaNO,
CaS0,
2 um NacCl T T
61 % 65 % 70 %

[Wise, Semeniuk et. al., 2008]
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“

sea salt 1.1 ~—
AOD sodium chloride 1.5
FECHAM6-HAM?2 model [Zieger, Vaisénen, Corbin, 2017]
a b c
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[Zieger, Vaisanen, Corbin, 2017]

Figure 4 | Impact of reduced inorganic sea salt hygroscopicity within a general circulation model. (a) Global map of the aerosol optical depth (AOD) at
/4 =550 nm with the hygroscopicity of the inorganic sea salt component set to x;=1.5 (NaCl). (b) Latitudinal mean of the AOD(550 nm) for k,=1.5, 1.3
and 1.1. Global mean values of AOD for each model run are given in parenthesis in the legend. (¢) Percental change in AOD when decreasing the

hygroscopicity of the inorganic sea salt component from 1.5 to 1.3 and 1.1, respectively. Results are shown using the sea spray source function of Gong
et al34,
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Arctic

Gsp(RH, )\.)
osp(RHary, 2)

scattering coefficient

J(RH,}) =

f(RH)= (1—RH)™"

vy — parameter describing magnitude of
scattering enhancement

5 , . : _
— FitRH>75% (_,,,,=0.67)
4} Fit RH<65% (1_,, =0.3)
- :
E 3}
j
o
8
b2
c
1 , . :
10/11 08:00.— 10/12.08:00

0 20 40 60 80 100
RH [%]

scattering enhancement factor

RVATA

| —— RH inside WetNeph [
L I

o_ (550nm) [m™']

T
WetNeph
5 | — DryNeph

B 0:5 om0 N il i s e W
1 | 1 1 1 1 1 1
0 1 1 1 —_
00:00 06:00 12:00 18:00 00:00
|l ocal time
T T T T T I
it @ P : : @ NaCl(Mie) |
® (NH4)ZSO4 (Mie)
@ Organics (Mie)
® Measurement H

85%,550nm) [-]

w

f(RH

1.8_.. SRR 4 SR et
1.6_. .
1.4f-

9(RH=85%) (Mie) []

1.2
01/07/08 15/07/08 01/08/08 15/08/08 01/09/08

[Zieger, Fierz-Schmidhauser et al. 2010]

15/09/08 01/10/08 15/10/08

knurowska@fuw.edu.pl



What is affected by the humidification of aerosol

1. influences the direct aerosol radiative
forcing - scattering, AOD

2. affects the particle’s efficiency to act as
cloud condensation nuclei (CCN)

3. kinematics of particle deposition fluxes

4. increases the water volume available for
absorption of gases and heterogeneous
chemical reactions

5. models parametrisation
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Apparatus



Particle range spherical equivalent size 0.35 —
40 [um]

- Sample flow rate (typical) 280 [mL/min]

- Laser: 658 [nm]

- Humidity range 0 — 95 [%] (hon—condensing)

« Measures PM1 PM2.5 PM10

- Particle density 1.65 [g/ml]

- RI (refractive index) 1.5 + Qi

- Temperature range —10 — 50 [°C]

1
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4
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1
X
1
1
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ACS1000

10% above ambient. 40% —
90%. (Dependant on flow)

Rise and Fall Time < 20 minutes
Flow Rate: 1 to 10 I/min

Sequence —> Points (sequence
can have 4 subsequences)
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Results



Two seasons

Spring 2020 December 2020
26—28.03.2020

568.04.2020
29—30.04.2020
04.05.2020
16—23.05.2020
17 days 15 days
139 cycles 172 cycles
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K—Kohler theory

[Pope F. D., 2010]

o M
sla ~w
RTp D

H_J

S =a exp

assumed 1 for aerosol > 100 nm

Growth factor and k
[Pope F. D., 2010]

Saturation ratio (~Relative humidity)
can be assumed as water activity

0,, — density of water
0, ~ density of aerosol particle

Rh — relative humidity
m — the wet aerosol mass (Rh > 0%)
m, — the dry aerosol mass (Rh = 0%)




K—Kohler theory

[Crilley, 2018]

0., — the density of water is 1 [g/cm?],
0, — bulk dry particle density is 1.65 [g/cm3].

The value for k can be found by a non—linear
curve fitting of a humidogram (m/m_vs. a )

PM, . — particulate matter from OPC—N3
from wet pipe (changing humidity)

PMdry — particulate matter from dry pipe

GF' = PMwet
PMdry P,
—K
1 Py
GF=—GF'=1+ 1
— 1_|_ -
a

non—linear curve fitting with 2 parametres



Example of curve fitting
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Spring 2020 ecember 2020
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Kk and GF(RH= 85%)

December 2020

Spring 2020

ONE

@ ZT'1¢E

(CRANILS

@ CT'6¢C

®1'8¢C

@CT'Le

4¢1'9¢

- ETi€¢

@®2T'¢C

®1¢CT'TC

® 1¢T°0¢C

[ANCY)

CT'LT

TTTTTTTT

TTT

05

0.2

06

@
@ CT'8T
®
4

ONE

S0'81
S0'9T

LN 1NN
SS90
o N
o NN

| 8 I e 0 O I

1
n

oo 2
oo <
o

|
<
oM

1
ssrst
OO
NG00
SISt

-1€0'8¢
-1€0°9¢

{215 0
)

©

Ty 0

Date
>= 0.2157+0.0041

<K, >= 0.0440+0.0016

Spring

<K



Kk and GF(RH= 85%)
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Kk and air mass trajectories Spring 2020
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Diurnal variation of k
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Correction of PM
data from OPC—N3




Rh from OPC—N3 and from ACS1000
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Correction equation
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Conclusions

OPC-N3:

1. Dependence of relative humidity can be:
o advantage —> measurement of hygroscopic properties

o disadvantage —> needed correction for PM measurements
2. The single parameter k can be used to correct the PM data
3. Rh given by OPC—N3 is biased and not reliable

K
4. The k variates with day time during Spring measurements.

5. The k change between seasons drastically <y, .>=0.22  <k...>= 0.04
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