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Seasalt (NaCl)
 Refractory species, mostly 

leads to a slow increase in 
chlorine background in the 
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/RIENa57Cl=51)

 During ATom, we saw both 
NaCl+ (diff) as well as Cl 
(closed) increase in the MBL

 We also saw an “interference” 
of NaCl on AMS chloride
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 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

 Na2Cl at m/z 81 and 83 is also fairly 
important (HSO3 and perchlorate 
interference, Schmale et al, 2013)

NaCl ClO3/ClO4 Iodine Bromine

250 µg sm-3

NaCl, dry



 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
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Lab Cal, 7/2018

ATom-2

2/2017

PALMS vs AMS

ATom-2

2/2017

TD-UHSAS vs AMS
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Delta 

m/z 35

Sum 

(NaCl+)

 Highly correlated behavior, PALMS comparison a little bit worse (r2=0.64 vs 0.75)

 Almost no interferences at m/z 35, so this can be used to quantify seasalt with  
ACSM/mini-AMS/ cToFs as well (basically cal 58 vs 35)
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Lab Cal, 7/2018

ATom-2

2/2017

AMS vs AMS

NaCl ClO3/ClO4 Iodine Bromine

ATom-2

2/2017

PALMS vs AMS

ACSM relevant
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I feel strongly that AMS Chl should remain NR PM1 Chloride (so NH4Cl and organic chloride)

=> Need to correct for the SS contributions to Cl and HCl (and remove NaCl from familyCl!)

NaCl ClO3/ClO4 Iodine Bromine

ATom-3 Calibration

Correction factors change between 

AToms, but seem stable during each 

deployment

Implemented in the HR Frag table as 

illustrated below, happy to explain 

offline or tomorrow

HR_frag_Chloride HR_frag_seasalt
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• High sensitivity

• Low CE for the neutral compound, worse than 

sulfate

• Fragmentation depends on acidity/CE, but less 

than sulfate

• Cl + /HCl + contribution needs to be taken into 

account (and removed from Chl) 

• Na2
37Cl+ interference with ClO3

+

• Sulfate interferences for ClO2
+ and ClO3

+

NaCl ClO3/ClO4 Iodine Bromine

Cl+ HCl + ClO +

ClO2
+ ClO3

+

HClO4
+



NaCl ClO3/ClO4 Iodine Bromine

• Dan Murphy (PALMS instrument) saw this first 
during ATom-2 on the Southern Ocean flight

• We had previously calibrated for this (long story)

• Ion ratio analysis confirms proper quantification

• We sampled plenty (1-4 pptv) of perchlorate in 
the lower polar stratosphere during all AToms

AMS

PALMS
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 Compounds we calibrated for:

NH4I, NH4IO, NH4IO3, C5H3IO2

up to m/z 450

 RIE was derived from 
ammonium balance

RIE = 0.72 

 Independent of compound, 
since all IOx

+ is near zero. 
Hence:

“AMS Iodine”  ~ moles(Ip)

which is great for g/p 
comparisons

 At higher concentration, I++

(m/z 63.5) and HI++ (m/z 64) 
are quite annoying
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 Compounds we calibrated for:

NH4Br, NH4BrO, KBrO3

up to m/z 450

 RIE was derived from ammonium balance of Br(-1) 
and Br(+1)

RIE = 0.68 

 BrOx
+ is almost negligible in all cases, unlike Br2

+

 Careful when fitting HBr!
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 HX is always the most important ion besides X

 Except for chlorate and perchlorate, XOn 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 
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OCl

OI
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ATom-1



Pieber (ES&T 2016, AMS vaporizer):

NH4NO3 + “Cx, heater” => CO2 + products (at 600 C)

Gunpowder ignition (at ~1300 C):

2NH4NO3 + C + S => CO2 + SO2 +2 H2O + 2N2

Perchlorate and bromate are well known as 
oxidizers in “boutique” explosives, and are much 
stronger oxidizers than nitrate
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Anion Eo [V]

NO3
- 0.96

MnO4
- 1.49

ClO4
- 1.2

IO3
- 1.19

BrO3
- 1.50

In case you were 

wondering where 

all that oxygen went
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When performing AN calibrations, some fun heater chemistry is observed:

Cl(heater)+HNO3(g) => HCl (g) + products

Refractory species are prime candidates. In ATom, we see this mostly after lots of SS 
exposure (and cals)

14NaCl ClO3/ClO4 Iodine Bromine

AN Calibration After SS Cal

AMS Usrs Mtg 2016



 Should consider 
calibrating with seasalt
instead of NaCl next 
time around

 Ratio observed for 
Mg/Na is about 6.7% 
about halfway between 
seawater and aged 
seasalt for that part of 
the North Atlantic 
(Posfai et al, 1995)
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Posfai et al, JGR 1995
ATom-3, RF311, NE Atlantic (44-

60N)


