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Goal: Modify Chemical Ionization Mass Spectrometer (CIMS) to detect organic acids 

ÅPreviously:    SiF5
ï + HNO3 ­ SiF5

ï Å HNO3 (VERY selective) 

ÅWell known: Iï + HNO3 ­ Iï Å HNO3  

      Iï + HCOOH ­ Iï Å HCOOH  

Å Interference test with NO2 (same mass as HCOOH) 

Why HONO in SENEX: by-product of effort to 
measure multiple organic acids 

No interference from NO2.  HONO detected 



Why: Because it worked όŀƴŘ ƻǘƘŜǊǎ ŎƻƳǇƻǳƴŘǎ ŘƛŘƴΩǘύ 

ω /ƻƳǇƻǳƴŘǎ ǿƛǘƘ ǎƛƳƛƭŀǊ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘǎ ŎŀƴΩǘ ōŜ ǊŜǎƻƭǾŜŘ ōȅ ǘƘƛǎ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊΥ 
 butyric (88.11)  and pyruvic acids (88.06);  propionic (74.08) and glyoxylic acids (74.04);  
 oxalic (90.03) and lactic acids (90.08) 
ω No sensitivity: acrylic & methacrylic acids, glycolic acid, alkyl nitrates, VOCs, NO2, SO2, glyoxalΧ 
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HONO 

HNCO, H2O2 (uncalibrated) 
 

CH3COOH, HCN 

HCOOH, HNO3, N2O5 

Cl2, Br2, BrO, BrCl, HOBr 

ClNO2 

2-5 Hz/pptv 

~1 Hz/pptv 

~0.2 Hz/pptv 

Control humidity in detector to maintain constant sensitivity 



How: HONO detection limits 
Sampling details 
ω IhbhΣ I/hhIΣ ŀƴŘ Ibh3 measured once per second 
ω LƴƭŜǘΥ тл ŎƳ ƭƻƴƎ ¢ŜŦƭƻƴ ŀǘ пл ɕ/Σ лΦсп ŎƳ L5Σ ǊŜǎƛŘŜƴŎŜ ǘƛƳŜ Ғ мтл ms 
ω LƴǎǘǊǳƳŜƴǘ ōŀŎƪƎǊƻǳƴŘΥ ǎŀƳǇƭŜ ǘƘǊƻǳƎƘ ŎƘŀǊŎƻŀƭ ŦƛƭǘŜǊ ŜǾŜǊȅ ѹ ƘƻǳǊ 
ω /ŀƭƛōǊŀǘƛƻƴǎΥ HNO3 or HCOOH once per hour 
   HONO from HCl + humidified NaNO2 in laboratory 
   HONO calibration accuracy ±40%, 1 s time response 

ω 9ȄŀƳǇƭŜ ƻŦ Ǌŀǿ ŘŀǘŀΥ 
 June 12 flight, Atlanta 
       
ω precision  
 25 pptv for 1 s data 
 11 pptv for 10 s averages 
 
ω Instrument background 

160 ± 30 pptv  
 (Achilles heel) 
     
ω detection limit:  
 40 pptv for 1s data  
 30 pptv for 10 s averages P3 exhaust P3 exhaust post-flight P3 exhaust preflight 



What: HONO in fire plumes 

Fire plumes sampled day and night during SENEX: 
 ω Ihbh Ҕ п ǇǇōǾΣ ōȅ ŦŀǊ ǘƘŜ ƭŀǊƎŜǎǘ ƳƛȄƛƴƎ Ǌŀǘƛƻǎ ƻōǎŜǊǾŜŘ 
 ω Ihbh ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŜƳƛǘǘŜŘ /h ŀƴŘ bhȄ 

ω bƛƎƘǘǘƛƳŜ 
 
ω tǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ 
 
ω Western TN 
 
ω лΦсҍлΦу ƪƳ !D[ 
 
ω м ǎ data 
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HONO to CO fire emission ratio 

ω Ihbh ǘƻ /h ŜƴƘŀƴŎŜƳŜƴǘ Ǌŀǘƛƻǎ ǾŀǊƛŜŘ ŦǊƻƳ лΦмоҍлΦрн҈ 
ω /ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǊŜǇƻǊǘǎ ƻŦ лΦнҍлΦр҈  
 (Akagi, 2011; Burling, 2011; Veres, 2010; Yokelson, 2007) 

ω bƛƎƘǘǘƛƳŜ 
 
ω tǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ 
 
ω July 2, 2013 
 
ω Western TN 
 
ω лΦсҍлΦу ƪƳ !D[ 
 
ω м ǎ data 
 
ω Ҕнл ǇƭǳƳŜǎ 



HONO to NOy fire emission ratio 

ω HONO to NOy enhancement ratios varied from 2ҍ14% 
ω Consistent with previous reports of 7.7ҍ22%  
 (e.g. Burling et al., 2011) 

ω bƛƎƘǘǘƛƳŜ 
 
ω tǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ 
 
ω м ǎ data 
 
ω Ҕнл ǇƭǳƳŜǎ 



Digression: HCOOH fire emissions 

ω I/hhI ǘƻ /h ŜƴƘŀƴŎŜƳŜƴǘ Ǌŀǘƛƻǎ ǾŀǊƛŜŘ ŦǊƻƳ лΦнҍлΦр҈ 
ω /ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǊŜǇƻǊǘǎ ƻŦ ҒлΦп҈ όŜΦƎΦ .ǳǊƭƛƴƎΣ Veres) 
ω CƻǊƳƛŎ ŀŎƛŘ ǳǎŜŦǳƭ ŦƛǊŜ ǘǊŀŎŜǊ 

ω bƛƎƘǘǘƛƳŜ 
 
ω tǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ 
 
ω м ǎ data 
 
ω I/hhI ŦǊƻƳ 
same CIMS 



Digression: HNO3 removal in fire plumes 

ω bƛƎƘǘǘƛƳŜ 
 
ω tǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ 
 
ω м ǎ data 
 
ω Ibh3 from 

same CIMS 

Gas phase HNO3 removed in fired plumes 


