
Answers to the referees: 

We thank both referees for their comments and suggestions. The main point regards a meaningful 

comparison with previous studies and a discussion of the improvement with respect to the state of the art.  

An example of new measurements with PASSxS has been discussed in detail and compared with 
previous measurements at temperatures below and above room temperature. Since one of the 
principal goals of PASSxS is the study of collision induced spectra at a range of temperatures, 
we’ve chosen to remeasure several collision induced bands of carbon dioxide at different 
temperatures at a pressure of about 16 bar.  At this density carbon dioxide starts to liquify around 
239 K, which puts a limit to the lowest temperature that could be obtained without changing the 
gas density. It is also well known that the CIA absorption coefficients of carbon dioxide tend to 
decrease with higher temperatures, which renders the weaker bands difficult to observe for high 
temperatures.  

The significance of the data extracted from these spectra (band integrated CIA absorption cross 
sections) depends strongly on the signal to noise ratio, which has been calculated here for the 
absorbance observed in all studies (the SNR of the absorption cross sections equals the SNR of the 
absorbance). We assume that the detector noise (which is mitigated by averaging the spectra) and 
baseline errors are similar for all studies, since no specific information is available in 
[Baranov2003]. The results have been displayed in a new Table 3. The result is that PASSxS 
produces more accurate parameters for both temperatures.  

Also the temperature stability has been discussed in more detail. First we consider passive cooling 

and heating, when the cell is free to drift towards the ambient temperature,  and we find a drift of 

3-6 K/h. In this regime the temperature homogeneity, as inferred from the difference of the 

temperature measured by the two thermocouples in the gas at different positions (long and short) 

is always better than ±2.5 K.  

When an active temperature stabilization is applied,  by PID regulation of the heaters, the 

temperature homogeneity is better, about ±0.7 K when the cell temperature is above room 

temperature and about ±1.5 K when it is below.  

For what concerns the accuracy of the absorbance measurements we have discussed the possible 

error sources in more detail. The main error in the determination of the absorbance is the baseline 

error. Ideally the absorbance should be zero in absence of absorption, but in practice the baseline 

after recording and processing an actual absorption spectrum and a background spectrum is not 

exactly zero for the full spectral range, but might have a small offset or a wavenumber dependent 

offset, typically this is less than 0.01. Often a baseline correction is applied, adding an offset to 

obtain zero absorption. After the baseline correction, a residual baseline error might be in the order 

of 0.0001 to 0.001. The second error source in the absorbance is due to the detector noise, thermal 

noise and ADC (analog-to-digital converter) noise. Part of this noise can be mitigated by averaging 

over many FTS scans. We have observed noise levels of the order of 10-5 with 256 averages. 

For what concerns the minor remarks/comments of referee 1, we have corrected all typos and 

answered as follows: 

L67-71. The reference Guinet et al has been added in the text and in Table 1. 



L97. A phrase has been added to explain better the term double wall tubing. The inner walls are in 

contact with the liquid nitrogen and are welded on one side to a larger tube which provides the vacuum, 

thus avoiding exposure of the cold tube to the environment. 

Fig2. The caption has been modified as requested 

L171: The information about the detector has been added. The detector employed was a narrow band 

liquid nitrogen cooled MCT detector with a ZnSe window, with a specific sensitivity D* of 2x1010cmHz ½ W-1 

from 600 to 6000 cm-1. 

L181. The base length variation has been calculated from the thermal expansion coefficient of the 

material. This has been added in the manuscript 

Fig 5. The total length of the sample cell and the White cell has been added in the caption 

Fig 6. The caption has been corrected 

L207. We explained more clearly how we used the tables in the NIST webbook. In practice we use 

the NIST Tables to find the density corresponding with the initial temperature and pressure. Then 

we use the Tables for isochoric processes to find the temperature for each measured pressure, 

given the density, which remains constant.  

Fig7.  Figures 6 and 7 display how PASSxS behaves when heated and cooled and when left by itself 

to drift towards the room temperature. This test has the goal to determine heating and cooling 

rates and to test the thermal stability once heating and cooling are switched off. This has been 

stated more clearly in the text. Figure 8 shows what happens when we actively stabilize the 

temperatures with a PID control of the heaters, just as the referee suggests. The accuracy of the 

thermo couples has been stated in the text. (The accuracy of the type T thermocouples is  ±1oC or 

±0.75%, whichever is greater. 

The caption of figure 7 has been corrected 

Fig 8. A box has been inserted in the upper panel to show which part we display in the lower 

panel. The caption has been corrected. 

L230-235. We discussed more clearly both temperature stability and homogeneity. The 

homogeneity is approximated by comparing the temperatures measured with the two 

thermocouples suspended in the gas at different positions (short and long, where short is close to 

the wall and long is at the centre of the cell) 

L237 the reference has been added. 

L243-249. We thank the referee for this useful suggestion, which has been added 

Fig 10 has been eliminated and a new figure has been inserted and extensively discussed (see also 

above) 

 

List of modifications of the manuscript: 

Some sentences have been rephrased to enhance readability and some typos have been corrected 

in the manuscript. 



The use of the NIST database to obtain temperature from measured pressure at constant volume 

has been explained. 

The temperature stability and homogeneity has been discussed in more detail, both for passive 

conditions (heaters and cooling off) and with PID stabilization of the temperature. Numbers have 

been given, derived from measurements as displayed in figures 6,7 and 8. Please note that figure 8 

is just an example. This kind of test has been performed for the full temperature range.  

The comparison of PASSxS with previous measurements has been rewritten completely, with a 

new figure 10. A major application of PASSxS is the study of CIA bands, and thus we have 

remeasured 4 CIA bands of carbon dioxide that have been already measured in the past both at 

temperatures above and below room temperatures. The comparison is illustrated for two 

temperatures close to those reported in literature. Assuming similar accuracies for the 

absorbance, we’ve calculated the absorbance obtained in all experiments and made a comparison 

of the absorbances. 

 

 

 

 

 

 

 


