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Experimental set-up

98 ccm N, ozone
lamp 1620 ccm humidified
zero air flow
10 ccm zero air ozone bypass line

4

314 ccm zero air -— l—m ' | |- CIMS

exhaust

‘exhaust < pump-+ ‘ —

I, permeation tube

400 ccm zero air

Figure S1: Experimental configuration. The orange circles represent the three-way valves used
to switch the flow of ozone between the flow tube containing the salt solution and the bypass
line. The calibration set up is highlighted by the red dashed box. MFC = mass flow controller,
ccm = cubic centimeters per minute.

I-CIMS Calibration

The I-CIMS was calibrated by introducing a variable amount of I, from a perm tube containing
L) to the system. The additional set-up for the calibration is presented in the red box in Figure
S1. The flows in the red box were in addition to the other experimental flows, which meant that
ozone was present during the calibration to create conditions identical to experimental
conditions. It also helped us calibrate for any losses in the tubing downstream of the flow tube,
and the instrument. The I3~ ion signal was normalized to the sum of the signals of the iodide (I")

ion and the iodide-water cluster (IsH,O").

In the presence of ozone, gas phase iodide (the reagent ion) can react to form iodine oxides (10°).
This has been previously reported in the literature.!? IO~ can cluster with analytes to be detected
as an analyte*IO- cluster. At our experimental ozone mixing ratios of ~100 ppb, the IO- and I5-
signal are well correlated as shown in Figure S2.B. We also see the charge transfer product of I,

that is well correlated to 5 signal as well, as shown in Figure S2.A. Importantly, the 15~ signal is
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linearly correlated with mixing ratio of I, at constant ozone concentrations, as shown in Figure
S3. For these experiments, we only used the I3 signal to quantify I,), however it is important to

note the specific chemistry that is occurring to prevent the misidentification of other peaks.
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Figure S2: Panel A shows the relationship between the I,- and I3 signal during the calibration of
the I-CIMS. Panel B shows the relationship between the IO- and I5- signal during the calibration.

Before each experiment, the [-CIMS was calibrated quickly with a two-point calibration (0.1 ppb
and 1 ppb in the instrument) to ensure a similar sensitivity to the more robust calibration, an
example of which is in Figure S3.
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Figure S3: Linear calibration of the measured I3~ ion normalized to the iodide and the iodide
water cluster ions as a function of the mixing ratio of I). The limit of detection (LOD) was

calculated by taking 3 times the standard deviation of zero air through the experimental set-up,
which averaged 2.2 + 0.5 ppt for the instrument.

TEP and Carbohydrate Measurements

The surface microlayer of our culture was sampled using the glass slide method, as
described previously.? Measurements of the total carbohydrates were made according to the
methods of Myklestad et al.# Briefly, the cultures were heated in an alkaline environment, before
addition of Fe*". Fe3* is reduced by the monosaccharides into Fe?". Afterwards, 2,4,6-tripyridyl-
s-triazine (TPTZ) is added to complex with the Fe?* which is measured spectrophotometrically.
To measure the polysaccharides, the glycosidic bonds were hydrolysed, and the difference before
and after hydrolysis represents the contribution of the polysaccharides. A measurement
comparing the transparent exopolymer (TEP) measurements in the bulk and surface microlayer

of Thalassiosira pseudonana was made previously.>

In the ocean, there are a wide range of concentrations of both TEP and carbohydrates. For

carbohydrates, some studies using the same method have measured values in the Norwegian
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77 ocean between 4-10 umol C L-!, which well above what we measure in the Thalassiosira

78 pseudonana cultures.* Measurements of TEP in ocean samples using our methods range from
79 200 — 8000 pg Xantham Gum equivalents L-!,® which is again orders of magnitude below our
80 measurements between 40,000 — 200,000 ug Xeq L5

monosaccharide bulk concentration
monosaccharide microlayer concentration
polysaccharide bulk concentration
polysaccharide microlayer concentration

400 —

NROE

300

DI
AN

Carbohydrate Concentration (umole C Iiter'1)

200 p ?

81

82 Figure S4: The measured concentration of polysaccharides and monosaccharides in 1-week old
83 vs 3-week-old Thalassiosira pseudonana cultures in the bulk solution and the culture microlayer.

84 The relative ratio between the bulk and the microlayer is shown in the boxes below the
85 measurements.
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Figure S5: The estimated O3 gas phase concentration in the flow tube outputted using

the KM-SUB model when using literature rate coefficients.
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Figure S6: The bulk concentration profile of O3 as a function of time outputted by the
KM-SUB model for (a) pH 6 and (b) pH 8 for the iodide only condition and using

literature rate coefficients.
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VOI Measurements
Reaction ko [M1™) s71] Reference
1 HOI + CI"+H"*— ICl 2.9x1010 Wang et al. (1989)
2 IC1 - HOI + CI-+H* 2.4x10°6 Wang et al. (1989)
3 HOCI+ T +H"=> ICl 3.5x10' Nagy et al. (1988)
4 I + O3 (+ H") > HOI 1.2 x10° Liu et al. (2001)
5 HOI + HOCI — HIO, + CI-+ H* 5.0x10° Citri and Epstein (1988)
6 HOI + HOI — HIO, + I + Hf 2.5x10! Schmitz (2004)
7 HIO, + 1"+ H* - HOI + HOI 2.0x10" Edblom et al. (1987)
8 HIO, + HOCI — 10;~ + CI” + 1.5x10° Lengyel et al. (1996)
2H"
9 HIO,+ HOI — 105~ + I + 2H* 2.4x10? Furrow (1987)
10 10, + I+ 2H* - HIO, + HOI 1.2x103 Schmitz (2000)
11 CI' + O; (+ H") > HOCI 1.1 x1073 Levanov et al. (2019)
3.0+
3-week-old culture exposed to ozone
2 5 | 1-week-old culture exposed to ozone
L1 growth media exposed to ozone
2.0+
B
C
.'9 154
T
O 1.07
0.5+ J
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Figure S7: Measurement of CHI4, which is assumed to be the iodide-iodoform adduct. There is
an increase in the signal during the exposure to ozone of the 3-week-old cultures (green), 1-
week-old cultures (blue) and the L1 growth media (yellow).

Reactions Included in the KM-SUB Model
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12 IC1+ CI- 2 ICly 1 x108 Margerum et al. (1986)
13 ICly > IC1 + CI 6 x10° Margerum et al. (1986)
14 L+ Cl > LCI 8.33 x 10* Margerum et al. (1986)
15 LCI-> I,+CI 5% 10% Margerum et al. (1986)
16 I +IC1 2 L,CI 1.1 x10° Margerum et al. (1986)
17 LCI'> I +ICl 1.5 Margerum et al. (1986)
18 L+ 21y 6.2 x 10° Lengyel et al (1993)
19 L>L+T 8.9 x 106 Palmer et al. (1994)
20 L, (+ H,0) > HOI, + H* 3.2 Lengyel et al (1993)
21 HOI, +H" > I, + H,0O 2 x 1010 Lengyel et al (1993)
22 I, (+ H,0) > H,OI" + I 1.2 x 10! Lengyel et al (1993)
23 H,OI' + T > I, + H,O 1 x 1010 Lengyel et al (1993)
24 I, +OH > HOI + T 7 x 10% Sebok-Nagy and
Kortvélyesi (2004)
25 HOI+T > I, + OH 2.1 x 103 Sebok-Nagy and
Kortvélyesi (2004)
26 HOI,- > HOI + I 1.34 x 106 Lengyel et al (1993)
27 HOI + I'-> HOI," 4 %108 Lengyel et al (1993)
28 H,OI' > HOI + H* 9 x 108 Lengyel et al (1993)
29 HOI + H" > H,0I* 2 x 1010 Lengyel et al (1993)
30 HOI - 10~ + H* 1 x 107! Paquette et al. (1986)
31 10"+ H" - HOI 1 x 101 Paquette et al. (1986)
32 HOI + 10" = HIO, + I 1.5 x 10! Bischel and von Gunten

(2000)

Table S1: Reactions included in the KM-SUB model. The reactions highlighted in grey can be set to 0
and have no effect on the final concentration of I, observed.
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Estimation of I-CIMS sensitivity to ICl,,

The I-CIMS was previously calibrated to Cl,. I, and Cl, have similar sensitivities on this

instrument (7.6 ions/ppt and 3.7 ions/ppt, respectively), so we can assume that ICl would be comparable.

From Table S3, we expect two orders of magnitude less of IC] compared to I, at pH 8. We don’t expect to

be sensitive to ICI.
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Product Distribution from the KM-SUB model

Solution ) Iy
3.06E-4 | 1.90E+2 | 7.02E+1 | 2.46E+1 | O 0 2.75E-2 | 3.74E-4 | 0 0 3.26E-3 | 3.94E-3 | 2.94E-4 | 7.02E-4

KI 6
7 243E-4 | 2.26E+2 | 1.32E+2 | 5.54 0 0 3.73E-1 | 9.73E-3 |0 0 8.72E-4 | 8.86E-3 | 2.94E-4 | 1.32E-2
8 2.30E-4 | 2.36E+2 | 1.47E+2 | 6.53E-1 |0 0 6.73E-1 | 1.91E-2 | 0 0 1.04E-4 | 1.03E-2 | 3.28E-5 | 1.47E-1
KI +16 3.32E-4 | 1.77E+2 | 2.91E+1 | 2.26E+1 | 1.93E-1 | 3.25E-6 | 4.99E-3 | 2.59E-5 | 1.77E+1 | 2.07E+1 | 2.78E-3 | 1.54E-3 | 6.47E-4 | 2.91E4
NaCl 7 2.62E-4 | 2.11E+2 | 1.02E+2 | 9.51 6.79E-2 | 1.93E-6 | 2.24E-1 | 437E-3 | 6.23 8.71 1.40E-3 | 6.41E-3 | 2.27E-4 | 1.02E-2
8 2.32E-4 | 2.34E+2 | 1.43E+2 | 1.46 9.50E-3 | 1.32E-6 | 6.30E-1 | 1.72E-2 | 8.71E-1 | 1.34 2.38E-4 | 991E-3 | 3.18E.5 | 1.43E-1
KI + 6 3.10E-4 | 1.78E+2 | 3.26E+1 | 8.42E-1 2.17E-1 | 2.73E-6 | 6.19E-3 | 3.41E-5 | 1.99E+1 | 7.70E+1 | 1.04E-4 | 1.68E-3 | 7.24E-4 | 3.26E-4
NaCl 7 2.52E-4 | 2.12E+2 | 1.07E+2 | 3.34E-1 7.10E-2 | 1.72E-6 | 2.37E-1 | 4.69E-3 | 6.51 3.05E+1 | 493E-5 | 6.71E-3 | 2.38E-4 | 1.07E-2
15/100 8 2.31E-4 | 2.33E+2 | 1.43E+2 | 497E-2 | 9.52E-3 | 1.20E-6 | 6.31E-1 | 1.72E-2 | 8.73E-1 | 4.54E+1 | 8.07E-6 | 9.92E-3 | 3.18E-5 | 1.43E-1
KI + 6 2.38E-4 | 2.29E+2 | 8.70E+1 | 2.92 5.78E-1 | 1.23E-6 | 3.64E-2 | 6.58E-4 | 5.30E+1 | 2.67 4.65E-4 | 5.83E-3 | 1.93E-3 | 8.70E-4
NaCl 7 2.30E-4 | 2.35E+2 | 1.40E+2 | 4.87E-1 9.34E-2 | 1.27E-6 | 4.14E-1 | 1.15E-2 | 8.56 4.46E-1 | 7.99E-5 | 9.80E-3 | 3.12E-4 | 1.40E-2
17%100 8 2.28E-4 | 237E+2 | 1.51E+2 | 5.31E-2 1.00E-2 | 1.24E-6 | 6.94E-1 | 1.98E-2 | 9.19E-1 | 9.19E-1 | 8.77E-6 | 1.06E-2 | 3.35E-5 | 1.51E-1
Table S2: Aqueous concentration of all the major iodinated products after 25 minutes of model runtime. All concentrations are in units
of nM.
KI 6 6.440 0.322 0
7 1.567 0.539 0
8 0.191 0.595 0
KI + NaCl 6 6.674 0.156 0.027
7 2.755 0.437 0.007
8 0.439 0.580 0.001
KI + NaCl 6 0.308 0.188 0.032
15/100 7 0.109 0.472 0.008
8 0.016 0.585 0.001
KI+ NaCl 6 0.873 0.353 0.060
17*100 7 0.148 0.565 0.010
8 0.016 0.604 0.001

Table S3: Gas-phase concentration of iodine from the KM-SUB model. All numbers are in ppb.
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L1 growth media Concentration in final solution
concentration (M) exposed to ozone (M)

NaNO; 3.62x 103 9.05x 107

NaH,PO,- H,0O 3.62x 107 9.05x 107

Na,SiO; - 9 H,0 1.06 x 10+ 2.65x10°

Na,EDTA - 2H,0 1.17 x 103 2.925x 107

FeCl; - 6H,0 1.17 x 10 2.925x 107

MnCl,-4 H,O 9.00 x 10”7 22.5x 108

ZnS0O, - TH,0 5.00x 108 12.5x 107

CoCl, - 6H,0O 5.00x 108 12.5x 10°

CuSO, - 5H,0 1.00 x 108 2.5x 1010

Na,MoOy, - 2H,0 8.22x 108 20.55 x 10”

H,Se04 1.00 x 108 2.5x 1010

NiSO, - 6H,0O 1.00 x 108 2.5x 1010

Na;VO, 1.00 x 108 2.5x 1010

K,CrOy 1.00 x 108 2.5x 1010

thiamine - HCI (vit. B1) 2.96 x 107 7.4x10°

biotin (vit. H) 2.05x 10° 5.125x 101

cyanocobalamin (vit. B12) | 3.69 x 10-1° 9.225x 1012

Table S4: L1 growth media concentrations, compared to the concentrations after dilution with
the salt solution which is exposed to ozone. The recipe for the growth medium was developed by
Guillard and Hargraves (1992).8

Parameters used in the KM-SUB model

Table S5: Parameters used in the KM-SUB model

Parameter and | Description Value Source or comment

units

tees (S) Oj; residence time in the flow tube 83 experimentally

toyp (Min) total time that the solution was exposed to O; | 60 experimentally

V (cm?) volume of gas in the flow tube 594.14 experimentally

S (cm?) surface area of the solution 227.5 experimentally

T (cm) thickness of the solution 0.88 experimentally

[O3].0 (ppb) O; concentration entering the flow tube 100 experimentally

o surface mass accommodation of Os, I,, ICI | 1 Vieceli et al’® All

and HOI molecules assumed to
have the same value.

T (ns) desorption lifetime of O, I, ICl and HOI 0.1 Vieceli et al? All
molecules assumed to
have the same value.
Also see discussion in
Schneider et al.!?

[T interface (cm™2) initial I interfacial concentration 1.40 x 107 | calculated as the bulk

(for a 390 | concentration
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nM multiplied by the
solution) thickness of one iodide,

[ClJinterface (cm2) | initial CI- interfacial concentration 1.29 x 10'3 | chloride or H ion.

(for a 0.55
M
solution)

[H Jinterface (cm™?) | initial H* interfacial concentration 7.13 x 10°

(pH6),
7.13 x 10°

(pH7),
7.13 x 104

(pH3)

Do (cm? s71) O; bulk diffusion coefficient 1.6 x 105 | Johnson and Davis.!!

Note that the diffusion
coefficient of I,, CI,
HOCI and H" were also
assumed to have the

same diffusion
coefficient.
Dy (cm? s7) I bulk diffusion coefficient 1.5%x 10° | Mohammad et al.'?

Note that all other
molecules and ions not
listed above  were
assumed to have this
diffusion coefficient.

Hys (M atm!) O; Henry’s law coefficient 8.6 x 103 | NASA JPL Handbook,
with  salt correction
applied.'?

Hp (M atm™) I, Henry’s law coefficient 3.1 Sander et al.'*

Hicc(M atm™) IC1 Henry’s law coefficient 111 Sander et al.'*

Hyor M atm™!) HOI Henry’s law coefficient 415 Sander et al.'*
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