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n their article “An Alternative Explanation for Ions Put

Forth as Evidence for Abundant Hydroxyl Radicals Formed
Due to the Intrinsic Electric Field at the Surface of Water
Droplets”, Chen and Williams' have suggested that when an
aqueous solution of caffeine is sprayed and analyzed by low-
resolution mass spectrometry, the observed mass peak at m/z
=212 is not [caffeine + H + OH]** as proposed by Xing et al.”
but rather [caffeine + H + NH,]". If correct, this would
invalidate many other studies.”™® To test this conjecture, we
used an Orbitrap high-resolution mass spectrometer (Thermo
Scientific, San Jose, CA, USA) to record the mass spectrum of
a 10 uM caffeine—water solution sprayed at a voltage of 1.0 kV.
Parameters of the mass spectrometer are set as follows:
capillary temperature, 250 °C; S-lens radio frequency (RF)
value, 55%; maximum injection time, 400 ms. Figure 1 shows
the resulting mass spectrum obtained by nanoelectrospray
ionization (nESI), the same method used by Chen and
Williams in their study. The nESI sprayer tip was fabricated
from a borosilicate glass capillary (Item# B150-86-10, OD: 1.5
mm; ID: 0.86 mm) by placing it into a micropipette puller (P-
87, Sutter Instrument Co., Novato, CA, USA; Heat: 730, Pull:
NULL, Velocity: 12, Time: 250).

As Figure 1 clearly illustrates, the mass peak (m/z 212.0900)
agrees within 2 ppm with that of [caffeine + H + OH]** (m/z
212.0904) but not that of [caffeine + H + NH;]" (m/z
212.1142), which lies 110 ppm away. The detected signal
intensity of [caffeine + H + OH]** might be significantly lower
than its real quantity owing to measurement loss, as reported
previously,” because a portion of the fragile radical-adduct ions
may decompose or fail to survive the transit through the mass
spectrometer before reaching the detector, leading to an
underestimation of their true abundance. Nonetheless, this
peak is still readily detected under our operating conditions.
We also find several nearby mass peaks which are identified as
isotopic isomers of [caffeine + OH]", in particular,
[2C¢'H,,"*N,'€0,]", m/z 211.0821; ['>C4'H,,"*N,'°N
1%0,1%, m/z 212.0796; and [>C,"*C'H,,"*N,'0,]*, m/z
212.0859. One plausible route for the formation of [caffeine
+ OH]J" is the capture of OH® by [caffeine]*® (m/z 194.0798),
as evidenced by the peak at m/z 194.0796, which is consistent
with the known tendency of nitrogen-containing aromatics to
stabilize radical cations. Another possibility is fragmentation of
[caffeine + H + OH]**. We examined the baseline level of
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Figure 1. Mass spectrum of 10 yM caffeine—water solution (caffeine
is abbreviated as ‘caf in labels). The top panel shows the full
spectrum; and the middle and bottom panels are enlargements of
parts of the mass spectrum by factors of 17 and 100, respectively.

ammonia in our laboratory air using a dehumidifier to collect
condensed water vapor for 3 h. The ammonia concentration
was checked by a commercial colorimetric test kit (API
Ammonia Test Kit), showing a maximum presence of 0—0.25

Received: July 7, 2025
Revised:  October 10, 2025
Accepted: December 16, 2025

https://doi.org/10.1021/acs.analchem.5c04123
Anal. Chem. XXXX, XXX, XXX—XXX


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jinheng+Xu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiaowei+Song"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Lecheng+Lyu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xinxing+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Richard+N.+Zare"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://doi.org/10.1021/acs.analchem.5c02973?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.analchem.5c04123&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?goto=supporting-info&ref=pdf
https://doi.org/10.1021/acs.analchem.5c02973?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://apifishcare.com/product/ammonia-test-kit
https://apifishcare.com/product/ammonia-test-kit
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.analchem.5c04123?fig=fig1&ref=pdf
pubs.acs.org/ac?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.analchem.5c04123?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/ac?ref=pdf
https://pubs.acs.org/ac?ref=pdf

Analytical Chemistry

pubs.acs.org/ac

ppm ammonia in the indoor environment (Figure S1). We also
mounted a 1000 ppm NH,OH solution beside the nESI tip.
We still did not detect the [caffeine + H + NH;]" ion, meaning
that the lower detection limit for the ammonia should be
higher than 1000 ppm. Only when we mounted a 5% NH,OH-
soaked Kimwipe paper at 1 cm away from the nESI tip, a peak
corresponding to [caffeine + H + NH;]* (m/z 212.1142)
indeed appeared, confirming that the high-resolution mass
spectrometer is fully capable of detecting such adducts when
ammonia is present at sufficiently high concentrations. As a
result, we do not intend to dispute the possible formation of
[caffeine + H + NH;]* ions under high ammonia
contamination; rather, our results suggest that the dominant
species at m/z 212 when spraying aqueous caffeine solution
into air is more consistent with [caffeine + H + OH]"™® than
[caffeine + H + NH,;]* with normal atmospheric ammonia
concentrations. We were unable to find the ammoniated
species using our laboratory air. Notably, the presence of
NH,OH solution largely suppressed the signal intensity of
[caffeine + H + OH]** and [caffeine + OH]** (see Figures S2
and S3)

Chen and Williams claimed that a neutral loss of H,O (m/z
194) was not observed in their experiment. However, we
successfully obtained a mass peak (m/z 194.0793) in the MS*
spectrum at m/z 212.09, as shown in Figure 2, within 3 ppm
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Figure 2. MS? spectrum of m/z 212.09 (caffeine is abbreviated as ‘caf
in labels). The mass peak at m/z 196 is the isotopic isomer of [caf +
H]*. The top panel is the full mass spectrum; the bottom panel is an
enlargement of a part of the mass spectrum by a factor 5.

[(caffeine + OH + H) — H,0]™ (m/z 194.0798). This MS>
spectrum was taken with an isolation width of 0.2 m/z and
collision-induced dissociation with a normalized collision
energy of 30.00. The prominent fragment corresponds to
[caf + H]*, which is the result of losing OH®. Thus, we
conclude that when an aqueous caffeine solution is sprayed,
caffeine does capture the OH® radical. Recently, an
independent report’ successfully characterized the water
dimer radical cations (m/z 36.0206, (H,0),™) by multiple
ionization techniques and high-resolution mass spectrometry,
which supports our conclusion. These results highlight that the
observed [M + 18]" species arise from interfacial redox
processes rather than solely from ammonium adduct

formation, providing new insights into the fundamental
redox chemistry within water microdroplets. This is also
consistent with previous repor‘cs.g’9
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Original data can be found at https://github.com/Jinheng-Xu/
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