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This work provides the first experimental determination of Henry's law solubility constants (HSP = H) in n-
octanol (Hocy) for isopropyl and isobutyl nitrate (IPN and IBN) over the 284.65 K to 309.65 K temperature (T)
range. The H constants were measured by dynamic gas stripping using a bubble column apparatus and gas
chromatography with electron capture detection (GC-ECD). The Hy data are best described by
IN(HEP(IPN)oce/IM atm ™) = —(10.60 + 1.54) + (4214 + 459)/T and IN(HP(IBN)oe/IM atm™ ) = —(12.01 +
0.85) + (4937 + 253)/T, where T is in kelvin. In addition, their H constants in deionized water (H,q) were

Received 13th November 2025 measured to corroborate literature H,q values. The H,q and Ho., data were combined to calculate
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octanol-water partition coefficients (Kow = Hoct/Hag), Obtaining average values of (33 & 5) for IPN and

DOI: 10.1039/d5em00940e (13 + 0.1) x 102 for IBN. The experimental data were compared to predictions of Hoct, Haq and Kow by

rsc.li/espi structure—activity relationship models (SARs).

Environmental significance

Isopropyl and isobutyl nitrate are notable nitrogen oxide (NO,) reservoir species and significantly contribute to the redistribution of NO, throughout the
troposphere, impacting global budgets of ozone (O3) and secondary organic aerosol (SOA). To correctly model their global distributions and hence their impact
on atmospheric composition, accurate experimentally constrained parameterizations of their partitioning between gas, aqueous and organic phases are
required. The phase partitioning of alkyl nitrates is generally understudied but needed to verify and improve the accuracy of structure-activity relationship
model predictions of partition coefficients for organic nitrates that are not readily experimentally accessible, but which affect the global distribution of NO,
(such as isoprene or terpene nitrates).

1 Introduction HS’ = HRT = HRT (1)

where R is the universal gas constant (~0.08205 L atm mol ' K™ %),
and T is the temperature in kelvin.*

Alkyl nitrates (ANs; molecular formula RONO,) are important
trace gas constituents of the troposphere, the lowest layer of the
atmosphere, where they constitute a significant component of For measurements in water, the dimensionless Henry solu-
“odd nitrogen” (NO,). Because ANs sequester nitrogen oxides bility (i.e., Hs(aq)) describes the distribution of a molecule
(NO, = NO + NO,), their chemistry affects the budgets of ozone between the gas and aqueous phases at equilibrium.*® This
(0,) and secondary organic aerosol (SOA) as they undergo quantity is equal to the inverse of the air-water partition coef-
deposition, oxidation, photolysis, or incorporation into ficient (Kaw), ie., equal to the water-air partition coefficient
aerosol.™* To correctly model the global distributions of AN, (Kwa)- A related quantity is the octanol-air partition coefficient
accurate parameterizations for their partitioning between gas, (Koa = Hs?(octanol)), which describes the equilibrium distri-
aqueous and organic phases are required. bution of a molecule between n-octanol and the vapour phase.®

Atmospheric chemists commonly use Henry solubility in
units of M atm™" (HSP, for simplicity referred to as H in this

These two quantities are interconnected with the octanol-water
partition coefficient (Kow) via the triangular thermodynamic

manuscript), which is defined as the ratio of liquid phase relationship:
concentration (in M) over the partial pressure (in atm) of the P Kon  H¥(octanol)  HZP(octanol)
gas. The dimensionless Henry solubility (Hs°) is related to H by T Kwa HgE(aq) — HP(aq) )

The octanol-water partition coefficient is a widely used
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Table 1 Experimental log(Koa) and log(Kow) values for selected organic nitrates at T = 298 K
Compound CAS no. log(Koa) log(Kow) Reference
1-Nitrooxy-2-propanol 20266-65-3 5.62 £ 0.03 0.26 9
1-Nitrooxy-2-butanol 3156-74-9 5.83 + 0.06 0.80¢ 9
4-(Nitrooxy)butan-2-ol 141299-18-5 6.23 + 0.02 0.48% 9
4-(Nitrooxy)butan-1-ol 22911-39-3 6.91 =+ 0.09 0.16° 9
5-Nitrooxy-2-pentanol n/a 6.53 = 0.06 0.82 9
1,4-Butyl dinitrate 3457-91-8 4.61 £ 0.03 1.44¢ 9
n-Pentyl nitrate 1002-16-0 3.03 + 0.04 2.70% 9
Peroxyacetic nitric anhydride (PAN) 2278-22-0 2.92 £ 0.02 1.07 £+ 0.03 10
Peroxypropionic nitric anhydride (PPN) 5796-89-4 3.33 £ 0.02 1.77 + 0.03 11
Ethyl nitrate (EN) 625-58-1 2.58 £ 0.04 1.00 £ 0.04 12
Isopropyl nitrate (IPN) 1712-64-7 2.936 + 0.007 1.58 £ 0.01° This work
1.66 + 0.01°
Isobutyl nitrate (IBN) 543-29-3 3.38 £ 0.02 2.16 + 0.02 This work

¢ Derived from the fragment constant estimation method developed by Hansch and Leo." b calculated using H,q and H, values determined by this
group. ¢ Calculated using H,q values from Kames and Schurath'* and H, values determined by this group.

a molecule from water to organic media such as lipids, waxes,
and natural organic matter, including organic aerosol.”

Despite the importance of ANs for atmospheric
chemistry,® Kop and Kow values have been experimentally
determined for only a few of them (Table 1). Experimentally
derived octanol-air and octanol-water partition coefficients are
particularly lacking for short-chain (C,-C;) ANs, which are
typically the most abundant ANs found in the troposphere. In
this regard, Ko, and Kow values have to date only been reported
for ethyl nitrate (EN)" and n-pentyl nitrate.® In addition, Treves
et al.® reported Koa and Kow values for 1-nitrooxy-2-propanol, 1-
nitrooxy-2-butanol, 4-(nitrooxy)butan-2-ol, 4-(nitrooxy)butan-1-
ol, 5-nitrooxy-2-pentanol, and 1,4-butylene dinitrate, and
Fischer and Ballschmiter*>'® reported Kow values for a series of
alkyl dinitrates (not listed in Table 1).

Analogous measurements for peroxycarboxylic nitric anhy-
drides (PANSs), another important class of organic nitrates, are
also scarce. At present, Ko, and Kow values have only been re-
ported for the two most abundant PANs: peroxyacetic nitric
anhydride (PAN) by Roberts' and peroxypropionic nitric anhy-
dride (PPN) by Easterbrook et al.** (Table 1).

The paucity of literature on this topic is surprising consid-
ering that measurements of Koy and Kow for other types of
molecules have been very comprehensive.® On the contrary,
some compilations'”*®* have omitted organic nitrates as
a molecular class altogether. This lack of experimental data
hampers the ability to accurately predict, e.g., via structure—
activity relationship (SAR) models," Ko, and Kow values for
organic nitrates, especially for molecules that are not readily
experimentally accessible such as monoterpene-derived
nitrates.*’

To expand the data set of known Ky, and Ko values for the
alkyl nitrate chemical family, we measured Ko, for two
commercially available ANs, 2-propyl nitrate (also referred to as
isopropyl nitrate, IPN) and 2-methyl-1-propyl nitrate (also
referred to as isobutyl nitrate, IBN), in n-octanol at T between
284.65 K and 309.65 K. These compounds are often the most
abundant low molecular weight ANs in the lower tropo-
sphere.>** Further, a recent laboratory study has shown that
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photolysis in aqueous droplets constitutes a significant sink for
IPN and IBN,* resulting in renewed interest in quantifying their
partitioning from the gas to the condensed phase at tropos-
pherically relevant temperatures. We calculate Kow values for
IPN and IBN via eqn (2) using Koa values measured in this work
and Ky, values derived from the T-dependent H,, parameteri-
zations reported by Kames and Schurath,** which were verified
via additional experiments in deionized (DI) water. Finally, we
compare our results with model-predicted partition coefficients
and discuss implications for the prediction of species for which
limited experimental data are available.

2 Methods

Henry's law solubility and liquid-phase loss rate constants
(beyond partitioning) were determined by inert gas stripping®*
using a jacketed, Pyrex bubble column apparatus as described
previously."*> The apparatus (Fig. S1) was temperature-
controlled using an external chiller-circulator (Lauda Proline
RP 1290) and connected to a gas chromatograph with electron
capture detection (GC-ECD, model HP-5890)* using 1/8” (~0.32
cm) outer diameter (o.d.) stainless steel tubing and fittings
(Swagelok Ultra-Torr). The tubing spanning from the bubble
column output to the GC-ECD was wrapped with a line heater
(Watlow; labelled “heated sample line” in Fig. S1) and main-
tained at 60 °C via a benchtop temperature controller (Omega,
model CSi32K-C24) and embedded K-type thermocouples
(Omega). The GC was equipped with a 15 m long megabore
column (Restek RTX-200, film thickness 1 um) and a 50 pL
stainless steel sample loop (VICI Cheminert) and was operated
at an oven temperature of 60 °C, an ECD temperature of 150 °C,
and with N, carrier and make-up gas (delivered from the blow-
off of a liquid N, dewar) with typical flow rates of ~8.1
mL min~" and ~80 mL min ", respectively. The GC injections
were automated, with a new run starting every 10 min.

While the temperature of the chiller-circulator bath is
accurate to +0.01 °C, the blow-off from its internal fan slightly,
yet systematically, affected the temperature of the liquid flowing
through the jacket of the adjacent bubble column apparatus.

This journal is © The Royal Society of Chemistry 2026
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Temperatures reported here were corrected for this effect by
measuring the temperature of the liquid exiting the jacket. For
a bath set point of 281.65 K, for example, the actual temperature
of the liquid exiting the jacket was 283.25 K.

In a typical experiment, the bubble column apparatus was
filled with a known volume (Vj; measured using a graduated
cylinder) of either n-octanol (ACS reagent grade, =99% purity,
used as received) or DI water (18 MQ cm ™', Thermo Scientific
Barnstead Nanopure Model D11931), to which small quantities
of IPN (~1 drop; =99% manufacturer-specified purity) and IBN
(~1-5 drops; =95.5%) were added using a glass pipette. Both
compounds were purchased from Sigma-Aldrich and used as
received; however, the production of IBN was discontinued
before all planned experiments could be completed. For
experiments with DI water, IBN was synthesized from the
reaction of dinitrogen pentoxide (N,Os) with anhydrous 2-
methyl-1-propanol (99.5% purity, used as received) as described
by Kames et al.”® Batches of N,0O5 were synthesized in a linear
flow tube by titrating nitric oxide (NO; >99%, Praxair) with
excess Oz (generated using an OzoneLab OL8OF/T Ozone
Generator) in dry O, gas (Air Liquide ALPHAGAZ 1) until the gas
stream was colourless.”””®* White N,Os crystals were collected in
a glass trap externally cooled with dry ice.

For experiments in n-octanol, N, gas (also from the liquid N,
dewar blow-off) was delivered directly to the apparatus via
a calibrated 500 standard (0 °C, 1 bar) cubic centimetre per
minute (sccm) capacity mass flow controller (MFC, MKS
Instruments) and bubbled through the liquid solution. To limit
evaporative losses of the solvent in DI water experiments, the N,
gas stream was humidified upstream from the main bubble
column apparatus using a second bubbler containing DI water
(not shown in Fig. S1). The temperature of the second bubbler
was maintained below the setpoint of the main apparatus using
a second recirculating chiller (VWR 1190S) to avoid condensa-
tion of water in the connecting tubing.

The gas-phase concentrations of IPN and IBN (cg) were then
monitored as a function of time (¢) by GC-ECD. Sample chro-
matograms highlighting the decay of IPN and IBN peak areas as
a function of ¢ (and the absence of impurity peaks) are shown in
Fig. 1. For the example shown, the GC-ECD sampled down-
stream from 150.0 mL of n-octanol at 298.65 K through which
537 mL min~" N, gas was bubbled. The two compounds eluted
the GC column at ~63.4 s (IPN) and ~98.4 s (IBN). The insert
shows a full time series of the IPN and IBN decay profiles for
this experiment, as well as enlarged diamond symbols that
represent IPN and IBN peak areas derived from the chromato-
grams shown in the main figure. Their peak areas were deter-
mined by numerical integration using a custom macro in Igor
Pro (Wavemetrics Inc.). The experiment was repeated, system-

. . . g
atically varying the flow rate to volume ratio v |» s summa-
1

rized in Tables S1-S3.

The concentration decays due to a combination of chemical
reactions within the liquid phase and gas-liquid equilibration,
i.e., partitioning of IPN (or IBN) from the liquid reservoir to the
gas stream. Kames and Schurath® showed that under

This journal is © The Royal Society of Chemistry 2026
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Fig. 1 Sample chromatograms recorded by the Hewlett Packard GC-
ECD. Here, the GC sampled the gas stream eluting from 150.0 mL of n-
octanol at a temperature of 298.65 K and a volumetric flow rate of 537
mL min~2. Six chromatograms are shown to demonstrate the decay of
IPN (blue colour) and IBN (red colour) over time, which were recorded
at t =0 min, 76 min, 152 min, 232 min, 308 min, and 384 min after IPN
and IBN were added to the bubble column. The insert shows the full
time series of the peak area decay for each compound, where the
enlarged diamond symbols correspond to the chromatographic peaks
shown in the main figure.

conditions of rapid gas-liquid equilibration, the analyte's
concentration decreases according to the following

relationship:
4. _ (2
de®  \HEW

Here, ¢, is the analyte's concentration in the gas-phase at time ¢
and k is the loss rate constant of IPN (or IBN) in the liquid
phase. Since the chromatographic peak area (4) is proportional
to c,,* integration of eqn (3) and substituting A for ¢, yields:

o) w(l)- Gy

c
Representative plots of In (g—’o> versus t for IPN and IBN at

Cot
several N, gas flow rates (@) downstream from 150.0 mL of n-
octanol at 298.65 K are shown in Fig. 2A and B, respectively.
Plots such as those shown in Fig. 2 were linear for both IPN and
IBN across all temperature conditions, with Pearson correlation
coefficients (r) = 0.972 (for IPN) and =0.911 (for IBN) (Table S1).
The observed linearity confirms a first order outgassing
process, with higher flow rates leading to faster outgassing from
the liquid reservoir. Experiments in DI water were linear over
time, with » = 0.996 for IPN and =0.988 for IBN (Tables S2
and S3).

+ k1> Coy (3)
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Fig.2 Example plots of In(cg 0/cq,¢) versus t for IPN (panel A, blue colour) and IBN (panel B, red colour) at seven different N, gas flow rate (i.e., @)
conditions. Reflected in the figure, both IPN and IBN were observed downstream from 150.0 mL of n-octanol at a temperature of 298.65 K. The
solid black lines are linear fits to the data at each temperature.
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Fig. 3 shows representative plots of dln(c, /¢, ()/dt as a function

g . . .
of M for IPN (Fig. 3A) and IBN (Fig. 3B) in n-octanol at

1

temperatures of 309.65 K, 304.95 K, 298.65 K, 293.85 K, and
284.65 K. Analogous plots for experiments in DI water are
shown in Fig. S2A (IPN) and S2B (IBN). The fit results and
resulting values of H¢® for IPN and IBN are summarized in
Tables S4 and S5. For each T, H§P constants (H,, for n-octanol
and H,q for DI water) for IPN and IBN were then calculated from
measured Hg® values via eqn (1).
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Fig. 3 Plots of dln(cg o/cq,q/dt versus ®/V,in n-octanol for IPN (panel A; blue colour) and IBN (panel B; red colour) at 309.65 K (@), 304.95 K (A),

298.65 K (A
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), 293.85 K (), and 284.65 K (M). The straight lines are linear fits to the data at each temperature. Error bars are +1¢ precision.

This journal is © The Royal Society of Chemistry 2026
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The Henry solubility is temperature dependent; that is,
a compound is expected to partition from the liquid- to gas-
phase more readily (i.e., have a smaller H constant) at higher
T. The temperature dependence of H constants measured in
this work are described using a van't Hoff-type equation:*

7BH

B
In(H) = Ay — 7“ + Culn(T) = Ay — = (5)

Values of Ay, By, and Cy were determined by least squares
regression using Igor Pro software.

The Henry's law experiments were supplemented by esti-
mates of H,q and Kos via bond contribution methods and
quantitative structure-activity relationship models. A first set of
estimates was obtained from the United States Environmental
Protection Agency (EPA) Estimation Programs Interface (EPI)
Suite v4.11, in which values of H,q are predicted using the
HENRYWIN v3.20 Bond Method described by Meylan and
Howard,** and Ko, values are estimated using the KOAWIN
v1.10 model.** The KOAWIN algorithm calculates Ko, according
to eqn (2) using model-output estimates of Kow and Kyw ob-
tained by the KOWWIN v1.68 and HENRYWIN v3.20 models,
respectively.**?** Additional predictions were obtained from the
OPEn (Quantitative) Structure-activity/property Relationship
App (OPERA)* v2.9 and the Iterative Fragment Selection
Quantitative  Structure-Activity —Relationship (IFSQSAR)*
python package v1.1.0 whose values were obtained via the
Exposure And Safety Estimation (EAS-E) Suite website.*” The
latter also provides recommended, so-called “consensus”,
values that combine the plethora of quantitative structure
property relationship predictions. The underlying theories and
relative performances of each of these theoretical approaches
have been discussed by Baskaran et al.*® and Brown et al.>’

3 Results
3.1 Octanol-air partitioning of IPN and IBN

The Henry's law solubility constants of IPN and IBN in n-octanol
are summarized in Table 2. They are shown in the form of van't
Hoff plots (i.e., in logarithmic form plotted against 1000/7) in
Fig. 4, alongside literature data for EN'* and the EAS-E suite
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Fig. 4 Henry's law solubility constants of IBN (@, red colour) and IPN
(@, blue colour) in n-octanol as functions of 1000/T. Ethyl nitrate data
from Fig. 3 of Easterbrook et al* are shown as open symbols
(O, green colour). The EAS-E suite®” consensus prediction values for
Koa of IBN (red), EN (green), and IPN (blue) at 298.15 K are represented
as bolded squares (). Fits to the data (Table 3) are shown as solid
lines. The shaded regions represent upper and lower error bounds for
each fit parameterization, i.e., In(Hocy) = (M + om)10%/T + (b — ¢y,) and
IN(Hocd) = (M — o) 103/T + (b + ay). Error bars are +1g precision.

consensus value at 298.15 K. The H,, values for IPN range from
(18 £ 1) M atm ™" at 309.65 K to (66 + 2) M atm™ " at 284.65 K.
The H, values for IBN are larger than those of IPN, as expected
from the bigger aliphatic side chain, and range from (51 £ 2) M
atm™ "' at 309.65 K to (208 + 15) M atm ™" at 284.65 K.

Fits of the data shown in Fig. 4 to the full expression of eqn (5)
in Igor Pro yielded Cy terms whose +1¢ encompassed zero (not
shown). Hence, the Cy term was omitted (i.e., set to zero) in
subsequent fits, and the simplified van't Hoff equation was
instead used to parameterize the temperature dependence of H,,

Table 2 Summary of experimental Henry's law solubility constants for EN, IPN, and IBN constants in n-octanol and deionized water (HEP in M atm™?).
Uncertainties are at the 1o level. n/d = not determined. The accuracy of the temperatures is £0.5 K

T (K)
Compound and solvent  283.25 284.65 293.85 298.65 304.95 309.65  Reference
EN in n-octanol 38.8+8.6(281.7K)  n/d 22.2+1.3(2932K) 154 +1.5(298.2K)  n/d n/d 12
IPN in n-octanol n/d 66 £+ 2 40 £ 2 35.3 £ 0.5 28 + 2 18+1 This work
IBN in n-octanol n/d 208 + 15 113 £ 2 99 + 5 64+6 51+2 Thiswork
EN in DI water 3.98 4 0.05 (281.7K)  n/d 2.03 + 0.06 (293.2K)  1.56 + 0.03 (298.2K) n/d n/d 12
4.09 3.73 2.07 1.54 1.07 0.82 14
IPN in DI water 2.41 £+ 0.08 n/d 1.31 £+ 0.04 0.92 £+ 0.02 n/d n/d This work
2.04 1.86 1.03 0.77 0.53 0.41 14
1.18 1.10 0.69 0.54 0.41 0.33 39
IBN in DI water n/d n/d 0.87 £+ 0.01 n/d n/d n/d This work
1.78 1.63 0.91 0.69 0.48 0.37 14

This journal is © The Royal Society of Chemistry 2026
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Table 3 Temperature dependence of Henry's law solubility constants for EN, IPN, and IBN. Uncertainties are at the +1o level. n/d = not di-
sclosed. The variables AHSOm and ASSOm represent the enthalpy and entropy of solution, respectively

Compound and solvent  R* (%) —By (10°K) Ay (unitless) —R X By = AHom (Kl mol™) R x Ay = ASeoim (J K" mol™)  Reference
EN in n-octanol 97.58 4.15 £ 0.33 —11.1 £ 1.9 345+ 2.7 —92.4 + 15.7 12
IPN in n-octanol 96.56 4.21 + 0.46 —10.60 + 1.54 35.0 + 3.8 —88 + 13 This work
IBN in n-octanol 99.22 4.94 + 0.25 —12.01 £+ 0.85 41.0 + 2.1 —100 £ 7 This work
EN in DI water 99.24 4.94 £+ 0.11¢ —16.2 £+ 0.4¢ 41.1 £ 0.9¢ —134.5 + 3.3 12 and 14
IPN in DI water n/d 5.36 = 0.09 —18.20 £ 0.36  44.53 + 0.71 —151.3 £ 3 14

98.4 4.30° —~19.63% —35.8 —163.2 39

99.52 5.19 + 0.36 —17.43 £ 1.23 43.1 £ 3.0 —145 + 10 This work
IBN in DI water n/d 5.25 £ 0.15 —17.95 £+ 0.48 43.62 £ 1.24 —149.2 + 4 14

“ EN data from Easterbrook et al.*> combined with those of Kames and Schurath. ? Fit parameters listed in the Sander (2023) compilation.®

(and H,q). The resulting fit parameters, ie., values of A;; and By,
are summarized in Table 3, along with coefficient of determina-
tion (R”) values. Based on the linear fits to the data in Fig. 4
(shown as solid lines), the H,. data are best described by
In(HP(IPN),o/[M atm ™ ']) = —(10.60 & 1.54) + (4214 =+ 459)/T and
In(HP(IBN)oe/[M atm™]) = —(12.01 + 0.85) + (4937 + 253)/T,
where T is in kelvin (Table 3). The high linearity of the data in
Fig. 4 corroborates the assumption that IPN and IBN achieve
equilibrium within the bubble column.

3.2 Air-water partitioning of IPN and IBN

Van't Hoff plots summarizing the H,4 constants for IPN and IBN
measured in this work are shown in Fig. 5A and B, respectively.
Also shown are literature data from Kames and Schurath'
(open circles) and Hauff et al.*® (crosses) and the EAS-E suite
consensus value (open squares). The Kames and Schurath

parameterization™ for IPN is currently recommended by the
National Aeronautics and Space Administration Jet Propulsion
Laboratory (NASA-JPL) Panel for Data Evaluation.*’

The H,q values for IPN measured in this work range from
(0.92 £ 0.02) M atm™ " at 298.65 K to (2.41 + 0.08) M atm ™' at
283.25 K and are best described by the expression In(HsP(IPN),q/
[Matm™']) = —(17.43 + 1.23) + (5189 + 359)/T (Table 3). Overall,
the solubility of IPN in DI water is lower (by a factor of ~40) than
in n-octanol at each T.

For IPN, the data measured in this work are systematically
larger (~20%, on average) than those of Kames and Schurath*
and significantly larger than those of Hauff et al.* (i.e., ~61%,
on average). The H,q data for IBN measured in this work are in
good agreement with the data by Kames and Schurath.* The
IBN data also demonstrate a lower solubility in DI water than in
n-octanol, ie., its measured H,q of (0.87 + 0.01) M atm™' at
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Fig. 5 Henry's law solubility constants of IPN (panel A, blue colour) and IBN (panel B, red colour) in DI water as functions of 1000/T. Data from
this work are shown as solid circles (@) with a fit to the IPN data shown as a solid blue line. The EAS-E suite®” consensus prediction values for IPN
and IBN at 298.15 K are represented as bolded squares ([J). The IPN and IBN data from Fig. 4 of Kames and Schurath** was extracted using
“Engauge Digitizer” software* and are shown as open circles (O). The narrowly dashed lines (---) are linear fits to the extracted (‘raw”) data. Data
calculated from the parameterization of Hauff et al.3® are shown as cross symbols (x). Error bars are +1¢ precision.
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Table 4 Experimental octanol-water partition coefficients (Kow) of EN, IPN, and IBN. Uncertainties are at the +1¢ level. n/d = not determined.

The accuracy of the temperatures is £0.5 K

T (K)
Compound 283.25 284.65 293.85 298.65 304.95 309.65 Ref.
EN — — 11.0 £ 0.7 9.9 + 1.0 — — 12¢
— — 10.3 £+ 0.6 9.7 £ 1.0 — — 120
IPN 30+1 n/d 31+2 38+1 n/d n/d “
n/d 36+ 1 39+1 46 + 1 53+ 3 45+ 3 b
IBN n/d n/d 129 £ 3 n/d n/d n/d @
n/d 128 £ 9 124 £ 2 144 + 7 134 + 13 138+ 5 b

“ Calculated using H,q and H, values determined by this group. b calculated using H,q values from Kames and Schurath'* and H, values

determined by this group.

293.85 K is a factor of (130 £ 3) smaller than its Hy at the
same T.

3.3 Octanol-water partitioning of IPN, IBN and EN

Octanol-water partition coefficients of IPN and IBN, calculated
via eqn (2) using H,. and H,q values measured in this work, are
summarized in Table 4 and Fig. S3 (solid circles). The Kow
values are (33 + 5) for IPN and (1.3 + 0.1) x 10> for IBN on
average; both are larger than the Kow values for EN (Table 4)
and increase with the size of the aliphatic side chain as one
would expect.

For IPN, Kow values derived solely from H constants
measured in this work are smaller, by factors of ~1.26 and
~1.21 at 293.85 K and 298.65 K, respectively, than those
calculated with H, values from this work and H,q values from
Kames and Schurath' (Table 4; shown as open circles in
Fig. S3). For IBN, in contrast, the Kow values calculated by
both methods are consistent with each other, i.e., at 293.85 K,
a Kow value of (129 + 3) is calculated using Ho. and H,q
measured in this work, which agrees with the value of
(124 £ 2) calculated using H,q values from Kames and
Schurath.' This result is not surprising as the respective Hyq
values agree well (~0.9 M atm™?).

Using either calculation method, the Kow values for both
IPN and IBN exhibit a T dependence between 284.65 K and
309.65 K. Linear fits of In(Kow(IPN)) versus 1000/T (Fig. S3)
yielded In(Kow(IPN)) = ((—1.15 & 0.84) K) x (1000/T) + (7.4 +
2.8), R> = 0.65 when using H,, data from this work and
In(Kow(IPN)) = ((—1.14 + 0.46) K) x (1000/T) + (7.6 + 1.5), R
= 0.67 when using H,, data from Kames and Schurath.' The
IBN data also display a T dependence best described by
In(Kow(IBN)) = ((—0.31 + 0.25) K) x (1000/T) + (5.93 + 0.85),
R* = 0.33. Attempts to increase the range of T studied (e.g., to
conduct experiments at T = 318 K) were thwarted by decay
kinetics which was too fast for GC analysis along with issues
arising from evaporation and condensation of n-octanol or
water in the transfer tubing.

The results for IPN and IBN prompted us to re-examine our
earlier reported Koy values for EN,** listed in Table 4 and shown
graphically in Fig. S3 (solid green circles). Consistent with the
IBN results from this work, the Kow for EN show a weak T
dependence (R*> = 0.44) when calculated using Hoe and Huq

This journal is © The Royal Society of Chemistry 2026

values measured by this group. However, a stronger T depen-
dence (R*> = 0.77) emerges when Koy values are calculated using
H,q values by Kames and Schurath™ (shown as open circles and
in black colour in Fig. S3), suggesting a small but systematic
bias between the two data sets.

3.4 Liquid phase loss rates of IPN and IBN

Beyond partitioning, the analytes may, in principle, be removed
by chemical reactions (e.g., hydrolysis or thermal degradation)
within the liquid phase. The pseudo-first order rate constants
for such liquid-phase losses (k;) were derived from the y-
intercepts of plots shown in Fig. 3 (n-octanol) and S2 (DI
water) and are summarized in Table S6. Their values were
uniformly small, i.e., <10~ * s (at the 95% confidence level) for
both IPN and IBN and in either octanol or water. Further, within
the measurement uncertainty, the k; values of IPN and IBN often
encompassed zero. This suggests that liquid-phase losses
(beyond partitioning) were negligible under our experimental
conditions.

4 Discussion

This work represents the first (and only) experimental deter-
mination of H, for IPN and IBN (to the best of our knowledge).
The measured H,. constants for IBN are larger than those of
IPN, which are in turn larger than those of EN, previously
determined by our group.'” The trend is rationalized by the
relative aliphatic side chain lengths of each compound, i.e., the
solubility of ANs in n-octanol is proportional to the number of
carbon atoms present in the alkyl chain. For example, at 298 K
the H,e of IBN (four C atoms) is ~2.8x larger than that of IPN
(three C atoms), which is in turn a factor of ~2.3 larger than that
of EN (two C atoms) (Table 2), as one might expect.

The experimental H,. and Ko, values are in quantitative
agreement with IFSQSAR predictions (Table 5), though it
appears that the model's uncertainty estimates are perhaps too
conservative (i.e., the model is performing better than its own
algorithm's error analysis suggests). In contrast, predictions by
the older OPERA and EPI suite models are less accurate. For
example, the KOAWIN model overestimates the experimental
Koa values for EN and IBN at 298 K by factors of ~4.4 and ~3.2,
respectively (Table 5). Predictions of Ko, by the OPERA model

Environ. Sci.: Processes Impacts, 2026, 28, 1843-1853 | 1849
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Table 5 Experimental HSP, Koa, and Kow values for EN, IPN, and IBN at 298 K and their corresponding predicted values by the EPI suite, OPERA,
and IFSQSAR models as well as the EAS-E suite consensus value.33-3” Uncertainties are at the +1¢ level

H(oct) M atm ") H(ag) M atm ™) Koa Kow
EN IPN IBN EN IPN IBN' EN IPN IBN EN IPN IBN
EPI suite 68 28 311 3.79 2.86 2.16 1656 3192 7621 17.8 45.7 144.5
OPERA  94+4 20+5 76+27 1.63+ 062+ 045+ 209+ 501+ 1862+ 665 0.01+  02+11 51+
0.07 0.04 0.03 101 115 0.04 24.1
IFSQSAR  15+7 30427 71465 155+  12+4.0 042+ 355+ 724+ 1738+ 145+ 7.0 363+ 204 +
0.07 1.40 163 667 1601 76.9 437
Consensus 20 +22 26+22 119+ 21+11 13+1.0 074+ 497+ 632+ 2911+ 16.0 + 2.4 40.7 + 6.7 53 + 109
99 0.69 534 128 2426
Experiment 154+ 353+ 99+5 156+ 092+  0.69° 380 + 35 863 4+ 14° 2400 + 110° 9.9 = 1.0° 46 +1° 144 £ 7°
1.5 0.5 0.03 0.02

“ Value from Kames and Schurath." ? Calculated using H,q and H, values determined by this group.'? © Calculated using H,q values from Kames

and Schurath' and H, values determined by this group.

are likewise in poor agreement with experimental EN and IPN
data, though are more accurate for IBN. It hence stands to
reason that OPERA and KOAWIN would err with respect to the
polarity of the nitrate moiety (-ONO,) in general, hampering
their ability to accurately predict properties of higher molecular
weight ANs such as terpene nitrates which are challenging to
synthesize.*” Considering the relatively large biases of EPI Suite
and OPERA4, it may be advised to re-examine how the recom-
mended “consensus” values are calculated for these
compounds within EAS-E suite, as the arithmetic average of the
three models is less accurate than the IFSQSAR model on
its own.

The H, values measured in this work are useful in that they
allow calculation of Kow for IPN and IBN, though this calcula-
tion requires accurate values of H,,. Whereas experimental
values for IPN have been reported by two groups,***® with the
study by Kames and Schurath' recommended by the National
Aeronautics and Space Administration Jet Propulsion Labora-
tory (NASA-JPL) evaluation panel,** the work by Kames and
Schurath' is the only experimental study reporting H,q values
for IBN. Because of the low number of H,, measurements for
IPN and IBN and the earlier discovered" erroneous parame-
terization for EN in Kames and Schurath,'* corroboration was
warranted.

Our H,q data (Fig. 5) are in reasonable agreement with those
by Kames and Schurath," ~20% larger for IPN and ~4% lower
for IBN (Table 2) and with the same temperature dependence
(Table 3) for IPN. Our data do not agree with the measurements
by Hauff et al.,>® whose data are ~40% to ~50% lower than ours.
We are unsure why our H,q data for IPN would differ from the
Kames and Schurath H,q data,™ considering that our EN and
IBN data agree within +2% and +4% respectively, which
eliminates by-and-large the possibility of experimental error
(such as an incorrect temperature calibration). A possible
reason for a discrepancy between the H,q data to occur for one
compound, but not others, would be the presence of an impu-
rity such as nitric acid (HNOj3), a potential side product of the
synthesis from N,Os, or residual alcohol reagent. The presence
of HNO; would suppress the solubility due to the Setschenow
effect,* whereas the presence of alcohol would increase it. For

1850 | Environ. Sci.: Processes Impacts, 2026, 28, 1843-1853

IPN, though, both studies used a commercial sample with
=99% purity, such that the reason for the discrepancy between
the H,q data remains unclear. In contrast, the H,. values were
measured using commercial IPN and IBN samples, i.e., would
not have been affected by impurities. Encouragingly, the
experimental H,q values agree reasonably well (within +30%)
with the predictions by OPERA and IFSQSAR, though not the
HENRYWIN model which considerably overestimates H,q for
EN, IPN, and IBN (Table 5) by factors of two to three.

The Kow values, calculated using both our and the Kames
and Schurath' data to err on the side of caution (Table 4 and
Fig. S3), are in reasonable agreement with IFSQSAR and KOW-
WIN though not with OPERA model predictions which are
inexplicably off by more than one order of magnitude. Even
though the ANs studied in this work do not exhibit a large Kow,
and the discrepancy between models and experiment is not
consequential for these compounds, it may likely be of impor-
tance for Kow predictions of larger, multifunctional ANs that
are present in the organic aerosol phase.***

4.1 Atmospheric implications

Laboratory** and field***® studies have shown that alkyl and
multifunctional nitrates can comprise a large mass fraction of
SOA, with the chemical processing of monoterpene- and
isoprene-derived nitrates thought to contribute significantly to
the formation of particulate RONO, within organic and aqueous
aerosol.”” In particular, the nitrate radical (NO;) oxidation of
monoterpenes (e.g., «- and B-pinene) has been identified as
a dominant SOA source in monoterpene-rich environments.***
Simulations of SOA formation from these and other VOC
precursors have traditionally relied on SOA mass yield data,
which are often derived from gas/aerosol partitioning models.*
Atmospheric models also assume that the formation of SOA
species from individual VOCs are independent,® and that mass
yields from individual VOC precursors are linearly additive,
though this notion has recently been challenged by Takeuchi
et al.>* Considering current approaches to SOA simulations and
assumptions made by atmospheric models, it is clear that
accurate values of Kos and H,q for key SOA precursors (ie.,

This journal is © The Royal Society of Chemistry 2026
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monoterpene and isoprene nitrates)®>** are essential to
correctly describe their partition behaviour and SOA formation
potential. Unfortunately, experimental determination of these
parameters for monoterpene- and isoprene nitrates is largely
inaccessible, hence knowledge of their partitioning is heavily
dependent on SAR estimates. In this context, the inconsistent
and inaccurate predictions by KOAWIN and HENRYWIN for
ANs, and organic nitrates more broadly, carry significant
implications for modelling the formation and fate of particulate
RONO, in condensed phases. Since hydrolysis of particulate
RONO, in the condensed phase is thought to represent a sink of
atmospheric NO,,” such inaccuracies further affect our
understanding of NO, cycling in the troposphere. In addition,
long-term exposure to SOA has been linked to increased
cardiorespiratory mortality,> further underscoring the need for
accurate partitioning parameters to improve predictions of both
atmospheric processes and health impacts of SOA.

5 Conclusions

This study provides the first experimental determination of Koa
and Kow for IPN and IBN at atmospherically relevant tempera-
tures. The data narrow a significant knowledge gap considering
the paucity of experimental Ko, and Kow data for organic
nitrates overall. Estimates by the KOAWIN and HENRYWIN
models were inconsistent with experimental measurements of
Koa and K for IPN and IBN reported in this work, which is not
surprising considering KOAWIN has been demonstrated to be
more poorly performing than other prediction techniques.*® On
the other hand, predictions by the IFSQSAR model were
consistent with experiment, though the experimental data may
now be used to reduce this model's overly generous uncertainty
estimates. Additional experimental measurements are needed
for other short chain ANs to help improve the predictability of
models for this chemical class. Namely, data for methyl nitrate
would corroborate the potential under-expression of the nitrate
group observed with small molecules (i.e., overestimation of
EN) and data for larger ANs (e.g., n-propyl, n-butyl and n-pentyl
nitrate) will corroborate the differences observed for IPN and
IBN in this work.
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