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 1 

Figure S1 Schematic of the ROx family’s photochemical pathway. Photolysis reactions are 2 

highlighted in yellow, reactions contributing to secondary aerosol production are marked in brown, 3 

and reactions associated with photochemical pollution are indicated in purple. The chemical 4 

reactions (R1 to R21) referred to Table S1. 5 

 6 

7 

Figure S2 Schematic diagram of the PolyU-CIMS system. The CIMS composed of two detachable 8 

components: the stainless-steel inlet and the calibrator; and the main body, which includes the 9 

sample inlet system, ionization chamber, and the mass spectrometer system. The frames labeled in 10 

purple highlight the additional valve incorporated for HO2 measurement. Further details on setup, 11 

measurement principles of the CIMS are available in a previous study in a previous study (Zou et 12 

al., 2023) and Text S1.  13 
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 1 
Figure S3 The wind rose for November and December. 2 

 3 
Figure S4 Diurnal profiles of average concentration of HO2, OH, methodology data and trace gases 4 

of the whole campaign. The shade error bars represent standard deviation of the averaged data. 5 

 6 
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 1 

Figure S5 Typical daily averaged maximum concentration of (a) OH and (b) HO2 observed in 2 

various geophysical regions including coastal (blue), forest (green), rural (yellow) and urban (red).  3 

 4 
Figure S6 Average diurnal variations of (a) AVOC, (b) OVOC, (c) NO2, (d) NO, (e) Temperature, 5 

and (f) JNO2. The solid-colored lines represent selected cases: orange for PRD, green for CEC, and 6 

blue for CNC. The light band represents the standard deviations of the mean. 7 

 8 



  5 

 

 1 

Figure S7 Average diurnal variations of HO2 for PRD (a), CEC (b), and CNC (c) from observational 2 

and modeling results. The solid line represents the average value, while the shaded area indicates 3 

one standard deviation. The green line represents the observational results, the red line shows the 4 

modeled results without constraining the observed OH concentration (base scenario), and the blue 5 

line shows the modeled results with the observed OH concentration constrained. 6 

Table S1 The HOX related reactions in the model. 7 
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(R1) O3 + hv (<340 nm) → O(1D) + O2

(R2) O(1D) + H2O →  OH + OH

(R3) Alkenes + O3 → ROX + Products

(R4) HONO + hv (<400 nm) → OH + NO

(R5) HCHO + hv  (<335 nm) + 2O2  → 2HO2 + CO

(R6) OH + RH + O2 → RO2 +H2O

(R7) HCHO + OH + O2 → CO + H2O + HO2

(R8) CO + OH + O2 → CO2 + HO2

(R9) RO2 + NO → RO + NO2

(R10) RO + O2 → R'CHO + HO2

(R11) HO2 + NO → OH + NO2

(R12) HO2 + O3  → OH + 2O2

(R13) NO2 + hv (<420 nm) + O2  → NO +O3

(R14) OH + NO2 → HNO3

(R15) OH + NO → HONO

(R16) RO2 + NO → RONO2

(R17) RO2 + RO2 → products

(R18) RO2 + HO2 → ROOH +O2

(R19) HO2 + HO2 → H2O2 + O2

(R20) HO2 + HO2 + H2O → H2O2 + H2O +O2

(R21) OH + SO2 + O2 + H2O + M → H2SO4 + HO2 + M

(R21) OH + SO2 + O2 + H2O + M → H2SO4 + HO2 + M

(R11) HO2 + NO → OH + NO2

(R22) RO2 + NO + O2 → R' CHO+ HO2+ NO2

(R23) Scavenger gas + OH  → Products

(R24) HNO3 + e -  → NO2
- + OH

(R25) HNO3 + NO2
- → NO3

-+ HONO

(R26) NO3
- + (HNO3)m + (H2O)n + M → NO3

-·(HNO3)m·(H2O)n + M

(R27) H2SO4  +  NO3
-·(HNO3)m·(H2 O)n → HSO4

-·(HNO3)m (H2O)n + HNO3

(R28) NO3
-·(HNO3)m·(H2O)n + M → NO3

- + (HNO3)m + (H2O)n +M

(R29) HSO4
-·(HNO3 )m·(H2O)n + M→HSO4

- + (HNO3)m + (H2O)n + M

CIMS: Calibration

(R30) H2O + hv(184.9nm) +O2 → HO2 + OH

CIMS: Reactions in Ionization Chamber

CIMS: Reactions in Collisional Dissociation Chamber

Ambient: HOx Interconvertions

Ambient: HOx Productions

Ambient: HOx Loss

CIMS: Reactions in Sample Inlet System

 1 

 2 

 3 

 4 

Table S2 Overview of instruments used, and species measured during the field campaign. 5 
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Tabel S3 Configurations of the PolyU CIMS in Hok Tsui 2020 and Conghua 2022 campaigns. The changes compare to last configuration were labelled by red color. 1 

SO2

(0.9%)
5 12 ppm

NO
(0.9%)

0.5 1.2 ppm

6 mins

60 mins

90%

60%

C3F6

(99.9%)
2 sccm 1072 ppm

C3F6

(99.9%)
2 sccm 1072 ppm

HNO3 10 sccm 47 ms HNO3 10 sccm 47 ms

Sample Flow 3.7 slpm 55 cm/s Sample Flow 3.7 slpm 55 cm/s

 Zero
Air

12.6 slpm
 Zero

Air
12.6 slpm

HNO3 10 sccm HNO3 10 sccm

C3F6

(99.9%)
2 sccm 159 ppm

C3F6

(99.9%)
2 sccm 159 ppm

Total Flow 16.8 slpm 25 cm/s Total Flow 16.8 slpm 25 cm/s

Sheath Voltages -80 V Sheath Voltages -80 V

Sample Voltages -32 V Sample Voltages -32 V

Buffer Gas N2 440 sccm Buffer Gas N2 440 sccm

Buffer Voltages -70 V Buffer Voltages -70 V

Pinhole Voltages -40 V Pinhole Voltages -40 V

Calibration Flow 10 slpm Calibration Flow 10 slpm COH 1.09*10-8

65 cm/s 65 cm/s CHO2 1.07*10-8

Product It Value 8.8*1010photon/cm2 Product It Value 8.8*1010photon/cm2 CH2SO4 6.01*10-9

Sigma 2 In lab 1.7 OH OH 3

Calibration 38% Day 12 H2SO4 H2SO4 1

Overall 44% Night 8.5 HO2 HO2 20

a) Hok Tsui 2020

Efficiency
Related

Parameters Gas Values Units
Specification for
 Measurement

Values Units

EConv

Front
Injection

SO2

(0.9%)
5 sccm Sample Flow [SO2] 12 ppm

Pulse
Valve

N2 2 sccm Cycle Duration (OH) 6 mins

C3F6

(99.9%)
2 sccm

Scavenging
Efficiency  (OH)

92%

Rear
Injection

Sample Flow [C3F6]

Reaction Time

Sample Flow Speed

EIon

Sheath
Flow

Reynolds Number in
Ionization Chamber

>4000
Turbulent flows

Sheath Flow [C3F6]

Sheath Flow Speed

Voltages Difference
for ionization

48 V

ETrans
Voltages Difference
for transmission

80 V

Cal

Calibration Factor

COH

 (Reagent ion:

N18O3
-)

1.21*10-8 cm3Flow Speed

Uncertainties
Detection Limit

(×105 cm-3) (3σ)

b) CongHua 2022

Efficiency
Related

Parameters Gas Values Units
Specification for
 Measurement

Values Units

Econv

Front
Injection

sccm
Sample Flow [SO2]

Sample Flow [NO]

Pulse
Valve

N2 2 sccm
Cycle Duration (OH)

Cycle Duration (HO2)

C3F6

(99.9%)
2 sccm

Scavenging Efficiency  (OH)

Scavenging Efficiency  (HO2)

Rear
Injection

Sample Flow [C3F6]

Reaction Time

Sample Flow Speed

EIon

Sheath
Flow

Reynolds Number in
Ionization Chamber

>4000
Turbulent flows

Sheath Flow [C3F6]

Sheath Flow Speed

Voltages Difference
for ionization

48 V

ETrans
Voltages Difference
for transmission

80 V

Cal
Calibratio
n Factors

 ( N18O3
- )

cm3Flow Speed

Overall
Uncertainties (2σ)

46% Detection Limit in
Field Study

(×105 cm-3) (3σ)

40%

44%2 
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Table S4 Average concentrations and standard deviation of measured VOCs that are constrained in 1 

the box model in the entire campaign and in different cases. 2 

Species Total PRD CEC CNC MCM Abb.
Ethane 2.3±0.83 2.2±1.2 2.4±0.89 2.3±0.62 C2H6

Ethylene 0.69±0.33 0.72±0.32 0.85±0.47 0.59±0.23 C2H4
Propane 1.6±0.62 2.2±0.71 1.6±0.61 1.4±0.46 C3H8
Propene 0.072±0.077 0.11±0.15 0.074±0.051 0.055±0.032 C3H6
i-Butane 0.44±0.28 0.8±0.46 0.45±0.15 0.31±0.094 IC4H10
n-Butane 0.65±0.41 1.2±0.65 0.64±0.25 0.48±0.16 NC4H10
Acetylene 0.92±0.42 1.1±0.46 1.1±0.46 0.78±0.35 C2H2

trans-2-Butene 0.015±0.0071 0.015±0.0057 0.018±0.01 0.014±0.0057 TBUT2ENE
cis-2-Butene 0.083±0.038 0.14±0.047 0.08±0.013 0.066±0.017 CBUT2ENE

Butene 0.044±0.021 0.044±0.044 0.043±0.015 0.044±0.0098 BUT1ENE
Chloromethane 0.84±0.22 0.66±0.28 0.88±0.15 0.86±0.2 CH3CL
1,3-Butadiene 0.0079±0.0078 0.011±0.0087 0.011±0.012 0.0051±0.0036 C4H6
Acetaldehyde 0.92±0.35 1.5±0.37 NaN 0.82±0.27 CH3CHO

Bromomethane 0.0093±0.0022 0.011±0.0022 0.01±0.0022 0.0083±0.0018 CH3BR
Chloroethane 0.023±0.012 0.022±0.016 0.026±0.011 0.021±0.011 CH3CH2CL

i-Pentane 0.34±0.17 0.57±0.21 0.39±0.11 0.24±0.061 IC5H12
1-Pentene 0.043±0.016 0.062±0.023 0.042±0.014 0.037±0.0081 PENT1ENE
n-Pentane 0.19±0.1 0.3±0.17 0.17±0.069 0.15±0.049 NC5H12

trans-2-Pentene 0.0032±0.0045 0.0098±0.0055 0.0041±0.0038 0.0083±0.0076 TPENT2ENE
Isoprene 0.082±0.17 0.22±0.3 0.14±0.17 0.016±0.019 C5H8

cis-2-Pentene 0.0017±0.0028 0.0061±0.0032 0.0022±0.002 0.0023±0.0044 CPENT2ENE
Acrolein 0.06±0.031 0.095±0.04 0.065±0.029 0.05±0.019 ACR
Propanal 0.011±0.0059 0.015±0.0099 0.011±0.0044 0.011±0.0039 C2H5CHO

Vinylidene chloride 0.0036±0.0027 0.0031±0.0015 0.0025±0.0019 0.0035±0.0022 CCL2CH2
2,2-Dimethylbutane 0.017±0.015 0.039±0.025 0.017±0.0064 0.0098±0.0018 M22C4

Dichloromethane 1.1±0.84 2.2±1.3 1.2±0.37 0.75±0.33 CH2CL2
2,3-Dimethylbutane 0.026±0.023 0.058±0.031 0.033±0.017 0.014±0.0045 M23C4
2-Methylpentane 0.071±0.045 0.16±0.083 0.081±0.032 0.052±0.015 M2PE
3-Methylpentane 0.052±0.039 0.1±0.059 0.055±0.022 0.032±0.012 M3PE

Methyl tert-butyl ether 0.072±0.042 0.13±0.048 0.09±0.032 0.045±0.018 MTBE
1-Hexene 0.0048±0.0052 0.013±0.0036 0.0067±0.0055 0.0016±0.00095 HEX1ENE
n-Hexane 0.066±0.043 0.12±0.057 0.07±0.033 0.044±0.022 NC6H14

Methacrolein 0.062±0.062 0.13±0.058 0.11±0.063 0.022±0.0091 MACR
1,1-Dichloroethane 0.0086±0.0046 0.011±0.0057 0.011±0.005 0.0068±0.0037 CHCL2CH3

Butyraldehyde 0.54±0.21 0.46±0.17 0.48±0.15 0.57±0.23 C3H7CHO
1,2-Dichloroethylene 0.049±0.076 0.12±0.15 0.046±0.033 0.03±0.02 DICLETH

2-Butanone 0.25±0.24 0.53±0.43 0.27±0.12 0.16±0.077 MEK
Ethyl acetate 0.27±0.39 0.62±0.77 0.24±0.17 0.17±0.11 ETHACET
Chloroform 0.082±0.032 0.12±0.038 0.096±0.018 0.064±0.021 CHCL3

Methylchloroform 0.0021±0.0011 0.0037±0.00045 0.0019±0.0013 0.0016±0.00047 CH3CCL3
2-Methylhexane 0.015±0.017 0.039±0.027 0.015±0.0075 0.0074±0.0027 M2HEX

Cyclohexane 0.019±0.015 0.038±0.019 0.021±0.015 0.011±0.0058 CHEX
Tetrachloromethane 0.073±0.0055 0.072±0.0048 0.07±0.0062 0.075±0.005 CCL4

3-Methylhexane 0.02±0.024 0.054±0.041 0.019±0.01 0.0087±0.0033 M3HEX
Benzene 0.35±0.14 0.36±0.15 0.4±0.15 0.31±0.13 BENZENE

Ethylene dichloride 0.36±0.17 0.33±0.17 0.4±0.19 0.33±0.17 CH2CLCH2CL
n-Hepane 0.035±0.023 0.067±0.034 0.034±0.013 0.025±0.0064 NC7H16

Crotonaldehyde 0.45±0.14 0.47±0.0088 0.48±0.0064 0.39±0.21 C3MDBAL
Trichloroethene 0.021±0.023 0.051±0.036 0.024±0.017 0.01±0.0039 TRICLETH

1,2-Dichloropropane 0.085±0.038 0.12±0.028 0.11±0.026 0.062±0.031 CL12PROP
Pantanal 0.018±0.011 0.033±0.017 0.02±0.0075 0.014±0.005 C4H9CHO

1,3-Dichloro-1-propene 0.0025±0.0011 0.0031±0.00081 0.0023±0.0014 0.0024±0.0011 CLC3H4CL
4-Methyl-2-pentanone 0.0046±0.0073 0.017±0.0046 0.0055±0.006 0.0027±0.0047 MIBK

Toluene 0.28±0.27 0.61±0.46 0.29±0.12 0.17±0.075 TOLUENE
n-Octane 0.0093±0.0071 0.021±0.0063 0.0093±0.0065 0.0056±0.0018 NC8H18

1,1,2-Trichloroethane 0.014±0.0097 0.015±0.01 0.019±0.013 0.011±0.006 CH2CLCHCL2
Tetrachloroethylene 0.015±0.013 0.036±0.017 0.016±0.0045 0.0076±0.0029 TCE

2-Hexanone 0.05±0.025 0.086±0.026 0.06±0.011 0.038±0.011 HEX2ONE
Hexanal 0.041±0.022 0.074±0.023 0.05±0.0094 0.03±0.0086 C5H11CHO

1,2-Dibromoethane 0.002±0.0016 0.0039±0.0013 0.0021±0.0016 0.0014±0.0011 DIBRET
Ethylbenzene 0.042±0.031 0.066±0.032 0.044±0.033 0.031±0.025 EBENZ

o-Xylene 0.039±0.03 0.071±0.037 0.043±0.029 0.027±0.019 OXYL
Styrene 0.02±0.013 0.032±0.0087 0.017±0.0096 0.01±0.007 STYRENE

Isopropylbenzene 0.006±0.0058 0.016±0.0026 0.0068±0.0058 0.0026±0.0012 IPBENZ
1,1,2,2-Tetrachloroethane 0.0031±0.0019 0.0053±0.0012 0.0037±0.0019 0.0022±0.0012 CHCL2CHCL2

n-Propylbenzene 0.0048±0.0045 0.012±0.0032 0.0058±0.0039 0.0021±0.0013 PBENZ
m-Ethyltoluene 0.0073±0.0067 0.017±0.0079 0.0087±0.0047 0.0036±0.0022 METHTOL
p-Ethyltoluene 0.0048±0.0047 0.012±0.0044 0.0056±0.0038 0.0023±0.0017 PETHTOL

1,3,5-Trimethylbenzene 0.0051±0.0054 0.014±0.0052 0.0063±0.0037 0.002±0.0016 TM135B
n-Decane 0.0031±0.0031 0.0083±0.0026 0.0034±0.0024 0.0014±0.00056 NC10H22

Benzaldehyde 0.0047±0.0044 0.012±0.0038 0.0055±0.0034 0.0021±0.0011 BENZAL
1,2,4-Trimethylbenzene 0.0088±0.009 0.022±0.012 0.011±0.0049 0.0041±0.0022 TM124B
1,2,3-Trimethylbenzene 0.0037±0.0035 0.0093±0.0036 0.0043±0.0023 0.0017±0.001 TM123B

Undecane 0.0019±0.0024 0.0058±0.0012 0.0029±0.0017 0.0034±0.0051 NC11H24
Dodecane 0.0094±0.0035 0.014±0.0034 0.008±0.0022 0.008±0.0024 NC12H26  3 
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Text S1 Modification for HO2 measurement 1 

To measure the HO2, a valve was added to switch the injection gas between NO and 2 

N2 gases as indicated by purple frame in Figure S2. When NO is added to the sample 3 

flow, the CIMS switches to HO2 mode for total HOx measurement, whereas adding N2 4 

shifts it to OH mode for OH measurement. It should be noted that the increasing NO 5 

concentration can enhance HO2 conversion (R11), but excessive NO levels trigger the 6 

HONO formation (R15), competing with the conversion process (R21) and lowering 7 

the detection efficiency. Consequently, the NO to SO2 concentration ratio is crucial for 8 

HO2 measurements. Sensitivity tests revealed an optimal [NO]/[SO2] ratio of 0.1 for 9 

the PolyU-CIMS, aligning with prior research recommendations (Edwards et al., 2003; 10 

Sjostedt et al., 2007). 11 

Text S2 Measurement interferences 12 

The concentration of injected NO is the primary source of HO2 measurement 13 

interference in this study. High NO concentrations convert ambient RO2, particularly 14 

alkene and aromatic-related RO2, into HO2 and then OH, leading to a positive bias in 15 

HO2 measurements (Fuchs et al., 2014). To mitigate this interference, the NO 16 

concentration at the sample inlet was set to 1.2 ppm—lower than the levels 17 

recommended in previous studies to minimize RO2 interference (Fuchs et al., 2014). 18 

Additionally, a box model was employed to quantify and subtract this interference from 19 

the observational results. 20 

The OH interference in PolyU-CIMS, resulting from ambient HO2 recycling (R11) 21 

and ionization process (R24, artificial OH), was accounted for and included in the 22 

measurement uncertainty, as outlined by Zou et al. (2023). However, in this study, 23 

PolyU-CIMS encountered additional interference from residual NO in the injectors 24 

when switching from NO (used for HO2 measurement) to N2 (used for OH 25 

measurement). To prevent residual NO buildup, the inlet was cleaned daily, and a one-26 

hour calibration was performed at both the start and end of daily measurement to 27 

monitor the NO residuals. The monitoring results showed that the NO residual time for 28 

PolyU - CIMS was approximately 26 mins which is similar to the residual time reported 29 
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in earlier studies (Edwards et al., 2003; Sjostedt et al., 2007). Consequently, data 1 

collected during the residual period (30 mins after switching the measurement target 2 

from HO2 to OH) were discarded to eliminate any NO residual interference from the 3 

final results. 4 
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