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C,H NC;HgN

C,H,CC3HCC,H o
Refractory species, mostly
leads to a slow increase in II
chlorine background in the L Nt
AMS

Ovadnevaite et al, 2012 showed
that NaCl" ions are produced as
well, with little background and
fast response times.

RIE is very low (1/RIEy,  &=51)

During ATom, we saw both
NaCl" (diff) as:well as Cl
(closed) increase in the VBl
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NacCl' [ng sm

We also saw an “interference™
of NaCl on AMS chloride




Seasalt Calibrations

= Both dry (18% RH) and wet (~80% RH)

= Plenty of chloride ions present as well in
OMinusC and Closed, but NaCl* is the
least “sticky”’, hence preferred

= Vaporizer chemistry is important
(Drewnick et al, 2015) and independent
of phase

= Na,Cl at m/z 81 and 83 is also fairly
important (HSO; and perchlorate
interference, Schmale et al, 2013)
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NaCl Calibration and field comparison

Lab Cal, 7/2018

v

University
of Colorado
ATom-2 ATom-2 Boulder
2/2017 2/2017
PALMS vs AMS TD-UHSAS vs AMS

|
0.2 0.3 04 0.5
PALMS Estimated PM1 Seasalt [ug sm'3]

0.00 0.05 0.10 0.15 0.20 0.25 0.30
TD-UHSAS Estimated PM1 Seasalt [ug sm'a]

O 1/RIE(NaCI), wet : 88 , F;F:F:J RS
1.2 for 76% RH and CE=1| .° RO F:F:F:J
® Dry NaCl (CE=0.5) . 0O 20 40 60 80 100 |,.* 034 o 20 40 60 80 100
o 107 o . 037 RH [%] _ o RH [%]
- 08- ,c' ‘." n Each point represents a BL Run
v R R D (.2 |Slope:0.73; 12: 0.58
g '4’ 02_ '0' :. ) ".,
— 06 = e ‘0" @) “o"
> 0.4 - L’ 014 ‘)' %0 = 0.1 o o ’0"' o
o) "on < LoF
0.2+ @ %OQ;O o) . ?q%‘oo &
& 0.0 ~|§ e O giach %0;1; re2prc(e}s7egts a BL Run 004 ¢@ o
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00 | | | |

| | |
0 20 40 60 80 100
SMPS Mass [ug sm ]

Agreement in the field data between PALMS and AMS is good, but suggest that the RIE for ATom-2 was higher

Always calibrate as soon as possible!

No evidence of CE ever being less than 1 in the field from PALMS comparison

TD-UHSAS comparison ok in principle, but mass calculation still needs more work

Cl10.,/C10 | Iodine Bromine




Cl Closed (m/z 35) Cal and field data g,

of Colorado

Boulder
ACSM relevant ATom-2 J;x'j‘ggfiyz
2/2017
Lab Cal, 7/2018 AMS vs AMS PALMS vs AMS
! 8_
o r? 7 Each point represents 1 BL run
147 2 gacll\] Vgt -0 07 | [ 5 | |with 1/RIE(NaCI) = 110 and 3.41
ry Na R — O 20 40 60 80 100 o _ 2
12 - Slope = 2.35 o g 0.6 RH ambient [%] g 64 Slope: 0.96, r =0.64
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Total NaC|+ per uplumeu Sum of NaC|+ [ug sm 3 p|ume 1] PALMS Integrated PM1 Seasalt [ug sm ]

= Highly correlated behavior, PALMS comparison a little bit worse (r?=0.64 vs 0.75)

= Almost no interferences at m/z 35, so this can be used to quantify seasalt with
ACSM/mini-AMS/ cToF's as well (basically cal 58 vs 35)

Cl10./Cl10 | Iodine | Bromine | @
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Chloride Corrections/Quantification

Uncorrected AMS Chloride [ug sm'3]

o
—
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0.05

ATom-

0.00
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Boulder
I feel strongly that AMS Chl should remain NR PM, Chloride (so NH,Cl and organic chloride)
=> Need to correct for the SS contributions to Cl and HCI (and remove NaCl from familyCl!)
3.5 @ ClI(wet) B HCI (wet)
O Cl(dry) O HCI (dry)
307---- Slope:1.53 -~ Slope:0.82)5 ° Correction factors change between
1 _ #¥c fio | ey AToms, but seem stable during each
‘ “-’g 2.0 - deployment
2 1.5
o 10 Implemented in the HR Frag table as
- 05 & illustrated below, happy to explain
0'0 offline or tomorrow
05{%

0 10

20 30 4ox10°
NaCl' [ug sm™]

20 Cl
21 HCI
22 )37CI
23 H37Cl

0.4 0.8

1.2 1.6

NaCl” [ug sm’]

HR_frag Chloride

{Cl},-HR_frag_seasalt[{CI}],HuClFrag*HR_frag_nitrate CINaClFrag*HR_frag_seasalt[{NaCl}]
{HCI},-HR_frag_seasalt[{HCI}],-HuHCIFrag*HR_frag_nitrate | CINaClFrag*HR_frag_seasalt[{NaCl}]
0.3198"HR_frag_chloride[{CI}]
0.3198"HR_frag_chloride[{HCI}]

0.3198"HR_frag_seasalt[{CI}]
0.3198"HR_frag_seasalt[{HCI}]

Cl10./ClO |

o

Iodine Bromine



Normalized spectra

Another chlorine species: Perchlorate (ClO,)

0.20- NH,CIO, .
0151 NH.CIO, in H,80, (1:20) Cl0O, ClO,*
0.10 citl HC1+ | ClO+ HCIO, "
0.05 | I l
0.00 L . S—— !I-, ------------- L SN B N— . IS—— I —
20 40 60 80 100
m/z
2 = ATom-2 RF06 ATom-2 RF06
® Signal o ® Signal
O Background O O Background
Individual Fits 1.5 7 0 Individual Fits
1.5+ —— Sum of Fits “ —— Sum of Fits
1.0
‘;
0.5 — V \
L. N /| ]
0.0 fl

50.90 50.95 51.00 51.05 51.10

NaCl

!3 .00

83.10

3.0-
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2.5
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1.5+

1.0+

0.5

0.046_

NH,CIO, [1g sm ], AMS

I | | [ | |
00 05 10 15 20 25
Ammonium Equivalent (predicted)

* High sensitivity
* Low CE for the neutral compound, worse than

sulfate
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NH,CIO, [1g sm ], SMPS

 Fragmentation depends on acidity/CE, but less

than sulfate

« CIl*/HCI" contribution needs to be taken into

account (and removed from Chl)
* Na,%Cl" interference with C10,*
« Sulfate interferences for ClO, *and ClO; *

Iodine

Bromine

@



Ozone [ppbv]

Detection of Perchlorate during ATom v,

~f "~vrado
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S 10 « Dan Murphy (PALMS instrument) saw this first
s during ATom-2 on the Southern Ocean flight
O 05
@) . . .
- We had previously calibrated for this (long story)
0.0
os - Jon ratio analysis confirms proper quantification
-0.5 0.0 0.5 1.0 1.5 - We sampled plenty (1-4 pptv) of perchlorate in

CIO" [ng sm ] the lower polar stratosphere during all AToms
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Ilodine .

= Compounds we calibrated for:
NH,I, NH,IO, NH,IO;, CsHilO,  |plus2
up to m/z 450 Hiplus2

= RIE was derived from |
ammonium balance
HI

RIE =0.72
CH3l

1O
HOI
102

HIOZ2
103
HIO3

[

Diff, Hz/ns

Open, Hz/ns

126.90 ‘wl

‘4

)

University
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Boulder

lodine Distribution, ATom-2

160 180 200 220 240 260 280 300 320 340 360 38C

NaCl Cl0./ClO,

Bromine




Quantifying Bromine

Br
= Compounds we calibrated for: THBr
NH,Br, NH,BrO, KBrO, BrO
up to m/z 450 HBrO
= RIE was derived from ammonium balance of Br(-1) BrO2
and Br(+1) HBrO2
RIE = 0.68 TBrO3
= BrO, " is almost negligible in all cases, unlike Br," THBrO3
= Careful when fitting HBr! Br?
mEz.o— ATom-1: Azores (44N) to Kangerlussuaq (64N) g - 400
éms— - g
-%1.0— | 500 %
20'5_ M lk N - 100 =
<(o.o— i ; ?“‘ﬁw
10:00 AM 12:00 PM 2:00 PM 4:00 PM
2016/8/20
7 UuTC 7
NaCl Cl10./Cl10 Iodine

Diff, Hz/ns

Diff, Hz/ns
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C67
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78?90 78?95 |79T‘I(m 7Hq

‘I 11

P’? 79.10
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H®'ECH, 'S0,

| 81|9M Caon

82.10



Fraction of HX, > XO,, X,

Tracking oxidation state of halogens

by fragmentation

1.0 1

0.8

0.6

0.4

0.2 5

0.0 H

University
of Colorado
Boulder

= HX is always the most important ion besides X

= Except for chlorate and perchlorate, XO_ ions are
not very important

» Feasible to use HX/X as a marker for oxidation state
(especially in low conc environments)

= BUT: Organic halogens complicate the picture, TBC

0.

0 0.2

0.4 0.6 0.8 1.0

Fraction of X

S R S T HX
T X
Cl-1 T >XO, (n=1..4)
cwr Ol CIH=CI(l)  (NH,CI)
. Br1 CI+5=CI(+V) (NaClO,)
N ' |CI+7=CI(+VIl) (NH,CIO,)
CI+5 -1 ?
. OIHX for halides
Y. Br5
\
rrrrr | » s " ~ A ~ e R
Cl+7'8|i ~ e o 45 X forhaloxides
. = ~Bf3Z T = ='*> XO, for haloides
' ' | - - | 5 |
,,,,,, CHTCI e Br-g e -1 " : HX for hraliox des

......... | - == Br Regression
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0.0
0.5
ATom-1
-1.0 [ | | |
-0.5 0.0 0.5 1.0 1.5
HX [ng sm]

 NaCl  Clo./ClO,  Iodine  Bromine

o



L . Y
Revisting the Pieber efiect

Boulder

Pieber (ES&T 2016, AMS vaporizer): 10 ;
NH,NO; + “C, ,cater. => CO, + products (at 600 C) A N
- | Pieber Slope
Gunpowder ignition (at ~1300 C): | 8- 1 NOj;: 1.85%

O NH,CIO, 1%
A NH,405: 32%
~> KBrO5: 80%

2NH,NO, + C + S => CO, + SO, +2 H,0 + 2N,

Perchlorate and bromate are well known as
oxidizers in “boutique” explosives, and are much
stronger oxidizers than nitrate

Anion | E° [V]

=
»
¢
| ’,'3 In case you were
wondering where

all that oxygen went

HROrgCO, [ug m "] (RIE
N
|

NO,  0.96

MnO, 1.49

C].O4' 1.2 I T | T I
0; 1.19 40 60 80
BrO; 1.50 Calibrant [ug m”] (RIE=1)







Hu Effect [%]

Looking again at the Hu effect (AS&T, 2017) 9,

of Colorado
Boulder

When performing AN calibrations, some fun heater chemistry is observed:
Clpeatery THNO3() => HCI ) + products

Refractory species are prime candidates. In ATom, we see this mostly after lots of SS

exposure (and cals : .
P ( ) AN Calibration After SS Cal
35 [ ] - 15 100(/400 nm AN Particles
— m/z 46
3.0 1 ATom-1 o |- m/z 30
—— Hu et al i — sod 77 |-
2.5 o 10 5 —~
A S Cl" during flight = P — m/z 36 (HCI) x 50
2.0- N\ a S 6o —— Mz 58 (NaCl) x 600
““““““““““ 5 g =t —— m/z 82 (Na2Cl) x 600| (|-,
s N S T T . . i
.... —h U : [
5 > 400 -
1.0 Lo £ S ﬂ
0.5 = o e
AMS Usrs Mtg 2016 =
004 U I I I I I —— I I I I I -5 © \
© o o o o o o o o o o O |
SN N AN NS o
’\\qf f]>q/ b{\/ é\/ Q}(\/ Q\(\/ f]>q/ b{\/ é\/ Q}r\/ Q\(\/ f\>q/
AN P SN R ¢ .

PToF size (nm)
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NaCl [ng sm

Can we determine Mg/Na ratios

ATom-3, RF311, NE Atlantic (44-
60N)

v

University
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Boulder

Posfai et al, JGR 1995

Table 3. Differences Between Atomic Ratios of Na to Mg, K, Ca, §, and Cl
Relative to the Values of Seawater

= Should consider

Sample  Group ACWNa AS/MNa AA/Na AMgNa AK/MNa ACa/Na
MNumber MNumber

calibrating with seasalt

|
-0.5 0.0 0.5 1.0 1.5 2.0
MgCl’ [ng sm'3]

9 1 -0.34 n.02 032 0.01 0.001 0.001

instead of NaCl next

1 087 0.03 0,83 0 0 0.001
v -1.03 062 -0.12 0.03 0.005 01 .
W1 ow oo o ool oos oo time around
18 T 086 0.07 074 0.01 0001  0.009
v -L10 020 0.7 001 0 0.001 hd
v 115 0.48 023 0.01 0006  0.008 u Ra.tlo Observed fOI
19 1 0.39 0.04 0.34 0.02 0.004 0.002 ] (0]
RS R T < o Mg/Na is about 6.7%
1HI-TV -1.07 ol 0.89 0.02 0.006 -0.002
V. L3 046 024 o0l 0 0005 about halfway between
20 i 026 0.03 023 0.01 0002 0001
I -0.54 0.13 0.30 0.01 0.003 0 Seawatel' a.nd a.ged
TI7 -1.09 0.02 1.03 001 -0.001 0,002
IV .02 0.16 068 0 0001  -0.003
V. T 0w 0% oo oo oo seasalt for that part of
25 I -0.43 .07 0.34 0.02 0.002 0.003 1
m 0,80 0.07 0.69 002 0003 000 the North Atlantlc
11 -1L0g 0.04 0.97 -0.02 0,002 (] o
v 2 0.16 0.82 0.0l 0 -0.001 ( )
v .L.15 0.49 0.19 0 0002 0002 POSfa]' et a']" 1995
28 I 036 0.06 07 02 0,005 0,004
1 071 0.09 0.56 0.01 0003 0009
[1]] =110 0.06 Lol o1 0,004 0,002
29 i 036 0.04 033 002 0005 0004
Seawaler Cl/Na= S/Na= A'fNa=  Mg/Na=  K/Na= Ca/Na=
.16 006 0.007 0.1l 0022 0.022

Ratios are given for compositional groups T to V in each sample as determined from EDS
analyses. The column under A A°/Na contains calculated values; A stands for anions other
than CT° and S04~ (see text). The ratios for seawater (as listed in the bottom row) are
obtained from Millero and Sofm [1992].
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