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Response to Referee # 3 

All of the line numbers refer to Manuscript ID: amt-2020-520. 

 

We thank the referee’s valuable comments and sugestions, we response the comments 

points to points, revised the manuscript carefully, and polished the language throughout 

the manuscript. As detailed below, the referee’s comments are shown as italicized font, 

our response is in orange, new or modified text is in blue. 

 

This paper describes a newly developed measurement system of NO2, PNs and ANs in 

the atmosphere based on a thermal dissociation cavity enhanced absorption 

spectroscopy method (TD-CEAS). The authors evaluate characterization of this 

instrument and confirm the performance in field observations. 

In an NO2, PNs and ANs measurement system based on TD followed by NO2 analyzer, 

NOx in the atmosphere interfere measured values of PNs and ANs. In this paper, in-

depth evaluations for the interference were performed. As a result, TD-CEAS can 

measure ambient PNs and ANs concentrations using precise “correction factors”. I 

recommend the manuscript to be published in AMT. However, I found several concerns 

to be published in the present form, so the authors should perform appropriate revisions 

sufficiently. 

Thanks for the positive comments. We responsed these comments carefully and revised 

our manuscript accordingly. 

 

1. NO2 detection: The use of a CEAS method would be novel. But advantages of the 

use of a CEAS are unclear, so the authors should state the advantages of a CEAS. 

What are the advantages of CEAS over LIF, CRDS and CAPS?  

Thanks for the suggestion, CEAS is an absolute measurement technology to 

measure many trace gases, which has a good performance in NO2 measurment with 

high precision and sensitivity, and comparable with the LIF, CRDS and CAPS. 

CEAS measures the integral signals of light intensity in a certain spectral window 

with and without the target absorbors in the cavity, retives the concentration of 

target speices (such as NO2) by spectral fitting, here we uses I_ambient as I0 to first 

derive a corrected α(λ), and then uses this to calculate [PNs] and [ANs], which is 

able to reduce the uncertainty caused by differing NO2 concentration. The 

comparison is shown in Sect. 4.2. 

As summarized in Table 2, there are several typical technologies to measure organic 

nitrates based on the thermal dissociation method. TD-LIF is the pioneer to 

determine organic nitrates by measuring NO2 produced through pyrolysis (Day et 

al., 2002), and the technology has been developed well and deployed in 

considerable campaigns (Di Carlo et al., 2013; Farmer et al., 2006). TD-LIF has a 
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high time resolution and low detection limit, but the determination of NO2 has to 

rely on extra calibration. TD-CIMS has a similar limitation as TD-LIF, and the 

method can measure some individual species of PNs, which need corresponding 

standards to be calibrated one by one (Slusher et al., 2004). CRDS, CAPS and 

CEAS are all cavity-enhanced techniques with high sensitivity and time resolution, 

of which CRDS and CAPS have been applied to detect NO2 after ON pyrolysis. 

Specifically, in this study, the ONs and PNs are determined directly through 

broadband absorption measurement by CEAS, which can avoid the uncertainty 

caused by multiple spectral fitting and subsequent differential calculations. Overall, 

TD-CEAS has a detection capacity similar to that of TD-LIF and others. Recently, 

PERCA-CRDS was developed to indirectly determine PNs by measuring NO2 

through chemical amplification, which also showed high sensitivity, but the 

technology for atmospheric measurements needs to be studied further. 

Table 2. Typical thermal dissociation methods to measure organic nitrates.  

Method Targets Time resolution Detection limit Accuracy Reference 

TD-LIF ANs, PNs 10 s 90 pptv 10-15% (Day et al., 2002) 

TD-LIF ANs, PNs 1 s 18.4, 28.1 pptv 22%, 34% (Di Carlo et al., 2013) 

TD-CIMS PAN, PPN 1 s 7, 4 pptv 20% (Slusher et al., 2004) 

TD-CRDS ANs, PNs 1 s 100 pptv 6% (Paul et al., 2009) 

TD-CAPS PNs, ONs 2 min 7 pptv N.A. (Sadanaga et al., 

2016) 

TD-CRDS ANs, PNs 1 s 28 pptv 6%+20 pptv (Thieser et al., 2016) 

TD-CRDS ANs, PNs 1 s 59, 94 pptv 8%+10 pptv (Sobanski et al., 2016) 

PERCA-CRDS PNs, PAN 1 s 6.8, 2.6 pptv 13% (Taha et al., 2018) 

TD-CEAS ANs, PNs 6 s 90 pptv 9% This work 

 

 

 

 

2. Interference: The authors performed in-depth evaluations for the interference of 

NOx with PAN. But I could not find the evaluations for the interference with ANs. 

The authors should state the evaluations for the interference with ANs as well as 

PNs. 

We agree with this comment, it is very important to assess the interferences of NOx 

to ANs measurements. However the ANs source is not available to explore those 

interferences. Therefore, we did the model simulations and then established a look-

up table by setting MeN as a representative of ANs. 
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Other minor and technical comments: 

3. lines 26-27, “alkyl nitrates (ANs, RONO2)”: There are many kinds of RONO2 other 

than“alkyl” nitrates. 

Yes, but “alkyl nitrates (ANs, RONO2)” is a collective term of RONO2, and 

frequently used in previous reports about ANs measurement (Di Carlo et al., 2013; 

Keehan et al., 2020; Paul et al., 2009; Sobanski et al., 2016; Thieser et al., 2016), 

so here we follow these references. 

  

4. Line 64, “and cavity enhanced spectroscopy”: Did the authors forget to delete? 

We revise “and cavity enhanced spectroscopy” as “Afterwards, chemical ionization 

mass spectrometry (CIMS), cavity ring-down spectroscopy (CRDS) and cavity 

attenuated phase-shift spectroscopy (CAPS) are used to quantify the pyrolysis 

products…” 

 

5. Line 175: The authors should define MCM. (Master Chemical Mechanism?) 

Corrected accordingly. 

 

6. First paragraph on page 10: The authors explain that the reason for the insufficient 

decomposition efficiency of PAN at 180 â„ƒ is due to the recombination of PAN. I 

think the effect of the PAN recombination can be reduced by increasing the pyrolysis 

time. What is the reason for not doing that (and making corrections)? 

That is a good question. The figure below is an example of model result to show the 

process of thermal dissociation of PAN in PNs channel. In fact, the PAN has been 

well dissociated in the heated channel in this instrument. Increasing the pyrolysis 

time will just increase wall loss of PA, but not very effective. Importantly, the 

recombination of PAN dominatingly happened after the heated channel. Therefore, 

the effective solution may be to (1) increase the wall loss of PA generated by 

pyrolysis in the heate tube and subsequent cooling tube, (2) to reduce the delivery 

time for gas to pass through the cooling tube. 

The discussion is added in Sect. 5: “We highlight the impact of interference 

reactionreactions in heated channels for accurately measuring PNs and ANs. 

Although the look-up table can correct the interferences, the best way to reduce it 

them is to quench RO2 in during the sampling process by improving the instrument 

design, such as by increasing the wall loss of RO2 in the heated channel. ” 
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Figure S3. A simulated example of the PAN pyrolysis in the PNs channel at 180 ℃ if the PAN source is equal 

to 4 ppbv. The concentration of relative species changes with the residence time, the red line is concentration 

of PAN, the blue line is the concentration of PA radical, and the yellow line is the concentration of NO2. The 

red part in the plot is the duration time when the air flow goes through the heating part of quartz tube, and the 

blue part is the duration time when the air flow goes through the cooling part.  

 

7. Figure 7: Which is correct, CH3O2NO2 in the legend or HNO3 in the caption? 

The orange columns correspond to CH3O2NO2, and the name was corrected in 

Figure 7. 
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