
We thank the reviewer for the thorough and thoughtful review. The reviewer comments are 
shown below in black.  Our responses are shown in blue, and changes to the manuscript are 
shown in red. We have reworded several sections of the manuscript and reorganized the 
introduction to make it clearer. We have added a figure to the SI, which shows instrument 
temperature data from a research aircraft campaign, moved experimental example figures from 
the SI to the main text and included an example of the Van’t Hoff fit in the SI to add clarity to 
Section 3.  Additional details of each IMR design are also included in Supplement Table S1. 

This publication details a set of laboratory experiments examining the effect 
of temperature on a chemical ionization reactor employing the iodide anion 
as a reagent. The experimental results are then used to correct a field data 
set for ambient temperature variations. 

In some ways this is an unusual manuscript. It contains information that 
typically would comprise the SI of a paper detailing the results of the 
ambient measurements. But I think that hiding many of these experimental 
instrumental details in the SI has previously been a disservice to the 
community. SI sections are rarely read nor widely disseminated, and such 
important details should be out in the open as these instruments proliferate 
across atmospheric chemistry. 

However, this manuscript should be more clearly written and organized than 
it currently is. 

I support publication eventually after the authors address the items listed 
below. More experiments should not be necessary, but I suggest major 
rewrites for clarity. Additionally, there are several places that the authors 
speculate about instrumental details and results without supporting 
evidence. These should be clarified with much more precise language. 

Specific Comments 

L87: “This discrepancy…” The authors should add proof of this speculation 
via a citation or data. 

We agree this sentence was speculative and have removed it from the manuscript. 

L95: The connection between this work and Lopez-Hilfiker’s voltage scanning 
method is not clear to me, nor is the reason for this paragraph. 

The voltage scanning method and our work is connected by well understood drift tube studies 
which show that the drift of reagent ions in an electric field increases both the ion gas energy and 
the ion-molecule interaction energy, akin to increasing temperature in the drift tube (Spesyvyi et 
al., 2015). Voltage scanning explores how the strength of the electric field between the back of 
the SSQ (Skimmer voltage) and front of the BSQ impacts declustering of product ions detected 



by the instrument. Our work explores how certain product ion clusters decluster due to increases 
in kinetic energy (i.e. temperature), significantly influencing instrument sensitivity.  We have 
reworded this paragraph to make this connection clearer to the reader: 

“Analyte sensitivity in CIMS is a product of the net rate of product ion formation, a function of 
adduct binding energy, and the instrument transmission of those adduct ions. A recent 
framework for understanding iodide adduct binding energies uses a mass spectrometer ion lens 
voltage scanning procedure to estimate the relative binding energies (Lopez-Hilfiker et al., 
2016). This approach gives important insight to the stability of ion adducts and the extent to 
which they may decluster during transmission, and can be used to provide inferred or relative 
sensitivities (Lopez-Hilfiker et al., 2016). A drawback of the voltage scanning method for 
determination of relative adduct binding energies is the potential for unintended changes in 
instrument ion transmission, which may result from modulation of instrument tuning to induce 
the needed change in field strength. In this work we leverage kinetic energy in the form of a 
temperature change as a substitute for modulation of the field strength, thereby eliminating the 
impact of ion transmission. The effect of temperature on instrument sensitivity has not been 
widely explored for the iodide adduct CIMS, where the impact has been documented for limited 
analytes such as the iodide carboxylate anion reaction (R3) and the Br–(HO2) cluster (Villalta 
and Howard, 1996; Sanchez et al., 2016).”  

L108: Typically the last paragraph of the introduction focuses on what the 
forthcoming paper has done. Instead, this manuscript introduces another 
paragraph referencing previous temperature control strategies. This 
paragraph is disorienting. It should be moved to earlier in the introduction or 
later in the results. Also, the authors reference the FIGAERO as an IMR 
temperature control strategy, which is incorrect. The FIGAERO is an inlet 
that goes on the front of the IMR and is independent of the IMR itself, 
separate from the IMR’s temperature regulation or lack thereof. 

We agree with the reviewer that the order of paragraphs in the introduction could be made 
clearer and have reorganized this section of the manuscript. The last two paragraphs of the 
introduction now read: 

“Previously, several CIMS IMR temperature control methods have been implemented. 
Documented instrument deployments range from actively heating the IMR region or hardware 
close to the IMR (50 to 60 °C), such as for the Filter Inlet for Gases and Aerosols instrument 
(Lopez-Hilfiker et al., 2014), to insulation of the IMR region (Lee et al., 2018), to active cooling 
of the IMR region (15 °C) (Neuman et al., 2002). However, thermal coupling between the IMR 
and ToF body, which may be difficult to temperature control in field deployments of CIMS 
instruments (discussed below), may introduce temperature variations in regions where ion 
molecule reactions occur.  

We extend the impact of temperature on the abundance of product ions to a range of atmospheric 
trace gases and provide a framework for understanding variations of detection sensitivity with 
temperature for I– ion molecule reactions. Additionally we estimate thermally controlled reaction 
pathways in our IMR system by comparing observed reaction enthalpies to literature values. 



Finally, we compare our experiments to field observations and recommend temperature control 
strategies to improve sensitivity stability.” 

L117: My understanding of the Tofwerk instrument is that it is an OEM 
instrument, onto which others can install ionization sources. So this would 
seem to not be a “modified commercially available TOF”, which the authors 
directly contradict anyway in L123 where they say the “TOF has not been 
modified.” 

Line 117 refers to a “modified commercially available ToF-MS”, i.e., referring to the instrument 
as a whole rather than just the time of flight (ToF) region as the reviewer suggests. The NOAA 
CIMS has been modified for aircraft deployments, which required a custom pressure control 
region before the IMR. Additional modifications include, additional pumping capacity and 
pressure control systems to run our IMR and SSQ at lower pressures than the OEM instrument 
and a cluster ratio control system which greatly improves the stability of analyte sensitivity. 
However, as the reviewer indicates, we have not modified the ToF region of the instrument itself, 
so for consistency with L123, we have adjusted the text on L117 to read: 

“…modified commercially available CIMS…” 

L120 seems to refer to the IMR, but these running conditions in Lee et al. 
are specific to Iodide and Bertram et al. used pressures of 20-100 mbar. 
This entire paragraph should be edited for clarity. 

Bertram et al. outlines the first deployment of a chemical ionization TOFMS made by Tofwerk 
and Aerodyne Inc, granted using acetate ions, but encourage the reader to consider using other 
common CIMS reagent ions (such as I-, CF3O-, SF6

-).  Bertram et al. clearly state that the IMR 
pressure is typically operated at 85 mbar, and the pressure range of 20 to 130 mbar is used for 
diagnostic experiments. We reference Lee et al.’s 90 mbar IMR operating condition, as this 
paper is often considered a standard for current Iodide CIMS implementation.   Our instrument, 
an Iodide CIMS, notably runs at a lower operating pressure of 40 mbar. We have rephrased the 
parenthetical statement to include the word “instrument” for clarity, and removed the word 
“instrument” after IMR on line 121: 

“The NOAA CIMS notably operates at lower IMR pressure (40 mbar, rather than 100 mbar used 
in many instruments) and small segmented quadrupole (SSQ) pressure (1.64 mbar, rather than 2 
mbar) in order to reduce the impact of secondary chemistry in the IMR and SSQ (Bertram et al., 
2011; Lee et al., 2014).” 

L121 “It is worth noting that higher pressure IMR systems will likely be more 
susceptible to thermal effects due to the increased residence time” certainly 
seems possible but is still speculative and should be supported in some way. 

We agree with the reviewer that this sentence at this point in the manuscript may seem 
speculative and have moved the sentence to the conclusion of the manuscript L326: 



“It is worth noting that higher pressure IMR systems may be more susceptible to thermal effects 
due to the increased time to reach equilibrium.” 

Our work shows that analytes that reach equilibrium with the reagent ion on the time scale of 
residence in the IMR will exhibit temperature dependence in sensitivity. Therefore we believe it 
is not a speculative statement to propose IMRs with longer residence times (i.e. higher operating 
pressure) will exhibit more ion-molecule reactions reaching equilibrium than lower pressure 
systems. 

L140 I was surprised here to read that this work also uses the ARI IMR since 
the entire introduction focuses on the NOAA-built ionization source. There is 
no prior introduction to the ARI IMR and no discussion on its specifics, nor a 
citation where it’s referenced here. I suggest adding more detail on the ARI 
IMR to the main methods section (more than just the tiny table in the SI). 
Further, regarding the L117 comment, is the NOAA instrument any different 
than the commercially modified one if it sometimes employs the ARI IMR? 

We choose to use the ARI IMR in order to show the community that this impact occurs on any 
non-temperature controlled IMR in which the ion-molecule reaction system is allowed to come 
to equilibrium on the time scale of IMR residence times. We point the reviewer to L143 where 
the two IMR designs used in this work are introduced. We have added appropriate references for 
the ARI IMR on L154: 

“Experiments were conducted using the widely used temperature controllable ARI IMR, which 
includes a cartridge heater in a stainless steel block mounted to the IMR and controlled via the 
instrument computer system (Bertram et al., 2011; Krechmer et al., 2016).” 

Additionally we have added IMR volumes and residence times at 40 mbar to Supplement Table 
S1: 

IMR 

Design 

Materials Temperature 

control range 

(°C) 

Residence Time 

(40 mbar) (ms) 

Volume (cm3) Image 

ARI Stainless Steel + PEEK 

(non-wetted) 

30 – 50  46 47 

 



NOAA Stainless Steel and 

Nylon 

Ambient 

temperature 

42 39 

 

 

We point the reviewer to our response above regarding the differences between the commercially 
available API-TOF and the NOAA CIMS. 

Section 2.1: The authors start this paragraph off making a claim that a 
constant IMR but a changing TOF temperature would cause temperature-
dependent ion chemistry in focusing ion optics. But it doesn’t appear that 
the authors conducted this experiment. Could they please support this 
claim? 

We respectfully disagree that the experiment in question has not been conducted and point the 
reviewer to Figure 6.  Here we conduct two experiments which point to this effect, a chilled IMR 
(18 degC) and a heated IMR (45 degC).  Each experiment shows a degree of declustering of the 
I•HCOOH- product ion in the instrument, however we have not determined exactly where this is 
occurring, but can eliminate the IMR portion of the instrument if the IMR temperature maintains 
constant.  The degree of declustering of this product ion differs between experiments, but taking 
the better temperature controlled case of cooling the IMR, the declustering effect is minimal.  
We have adjusted the beginning of this paragraph to read: 

“As discussed in section 3.3 below, temperature dependent ion chemistry may occur downstream 
from the IMR, in which case IMR temperature alone does not determine sensitivity.” 

Supplemental figures 1 and 2 should be cleaned up and moved to the main 
paper as a multi-panel figure referenced in Sections 2.2 and 2.3. This is a 
short paper and its entire value is that it is not hidden in the SI (see general 
comment above). 

We agree that it is useful to include an experiment representative time series in section 2.  We 
have included the following figure as figure 2: 



 

Figure 2: Typical time series for an IMR temperature experiment. Product ion signal is normalized to I–•H2O signal. 

 

L239: The text references slopes on the graph, which I think is a good idea, 
but there are no slopes. The authors should add slopes to Figure 3, or if too 
busy, add a plot with an example regression. I find section 3.2 to be the 
most interesting, but it is short on details and specifics. 

The slopes of Figure 3 are tabulated as the Y-axis of Figure 4 as net reaction enthalpies.  The 
authors found adding slopes to Figure 3 was too busy, so did not include them.  However, we 
have included an example regression as Supplement Figure S4: 

 



Figure S4: Example Van’t Hoff relationship fit for HCN.  The slope of this fit represents −∆𝒓𝒓𝑯𝑯𝟎𝟎

𝑹𝑹𝑹𝑹
 and is a measure of net 

reaction enthalpy under the conditions of the IMR. 

L258: I’m skeptical that HCl “fall[s] close to the 1:1 line”. It has essentially 
the same measured reaction enthalpy as Phenol and HCN within the margin 
of error, but a different literature enthalpies. Is this a small influence of 
ligand switching? Why does nitrophenol fall so far off the line and is not 
discussed other than having a low overall sensitivity? This section could 
benefit from more analysis and textual interpretation. 

We have not included the literature (or NOAA CIMS experimental) uncertainties in this figure.  
However the literature reported uncertainty for HCl clustering reaction with iodide is quite high, 
61.9 ± 8.4 kJ/mol. NOAA CIMS measured net reaction enthalpy is estimated to be 69.4 ± 0.9 
kJ/mol making this comparison quite favorable.  We found including measurement uncertainties 
to make this figure too busy for interpretation, however we have adjusted L258 to read: 

“These analytes differ from HCN, HCl and phenol which, within experimental uncertainty, all 
fall close to the 1:1 line for the direct clustering pathway (see Figure 4). For example, the 
literature reported value for the HCl clustering reaction is -61.9 ± 8.4 kJ/mol which compares 
well within the experimentally determined value of -69.4 ± 0.9 kJ/mol.” 

2-Nitrophenol does not fall far from the 1:1 line, but straddles it similar to HCOOH, possibly 
indicating the thermochemical system lies close to the ligand switching net reaction enthalpy.  
Experimental uncertainties are again quite high in the literature with a reported clustering 
reaction enthalpy of 97.1 ± 7.5 kJ/mol.  We have adjusted the text on L266 to make these 
uncertainties and where 2-nitrophenol thermochemical system falls more clear: 

“A similar conclusion can be drawn for 2-nitrophenol, as the measured net reaction enthalpy of -
58.6 ± 0.6 kJ/mol falls between the reported ligand switching reaction enthalpy of -54.1 ± 8.1 
kJ/mol and direct clustering reaction enthalpy of -97.1 ± 7.5 kJ/mol.” 

L277: These field temperature swing would be a useful SI figure and the 
authors should have plenty of good examples. 

We point the reviewer to Supplemental Figure 3 for a ground site trailer example.  We have not 
deployed the NOAA CIMS in a mobile laboratory, so cannot provide this data example. We have 
added a research aircraft data example as Supplemental Figure 6: 



Supplemental Figure 6: Example NOAA CIMS instrument temperature (ToF body temperature) from six research flights 
(color traces) during the FIREX-AQ research aircraft deployment in 2019.  Black trace and shading represent the average 
± 2 standard deviations. 

L308: “Temperature control of the IMR region can help reduce the impact, 
but de-clustering can occur further in the instrument ion optics.” The link 
between collisional fragmentation and temperature dependence is not clear 
to me as this is written. 

The author’s intent with this sentence is to warn users that IMR temperature control may not 
fully eliminate the temperature dependence of iodide CIMS sensitivity, as declustering of the 
product ion can occur further in the instrument.  We have adjusted this sentence to read L308: 

“Temperature control of the IMR region can help reduce the impact, but further de-clustering 
(either due to temperature or collisional fragmentation) of the product ion may occur in the 
instrument ion optics.” 

All over: sensitivities in units of Hertz or ions/s should be defined with an 
extraction frequency for the TOF. 

We have added a sentence to describe our ToF’s extraction frequency during this work L139: 

“Ion packet extraction frequency in the time of flight region of the instrument during this work 
was 25,000 Hz.” 



Technical Comments 

L99: I’m not sure I follow the sentence at L99. Please clarify or add more 
detail: “Additionally, product ion formation dependence on temperature may 
make these voltage scanning determinations difficult to interpret” 

These sentences have been removed and this section has been reworded for clarity. 

L51: “refined restriction policy” – This could be clearer 

We do not understand this comment, as “refined restriction policy” does not appear in our 
manuscript. 

L241: The nist webbook should be a citation in common citation format 

Corrected. 

L299: “dependence of sensitivity on temperature” 
 
Corrected. 
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