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1. Materials and methods of photocatalytic [2+2] cycloaddition

Starting materials and other reagents of the photocatalytic [2+2] cycloaddition were prepared
according to the following procedures'.

Ir(dFCF3ppy)2(dtbbpy)(PFs) (Ir-1) was prepared according to a reported procedure?.
Ir(dFMeppy)2(dtbbpy)(PFs) (Ir-2) was prepared according to a reported procedure®.
Ir(dFCF3ppy)2(bpy)(PFs) (Ir-3) was prepared according to a reported procedure®.
Ir(dFMeppy)2(bpy)(PFs) (Ir-4) was prepared according to a reported procedure’. Ir(ppy)s (Ir-5) was
prepared according to a reported procedure®. THF, toluene, 1,4-dioxane, and diethyl ether were
distilled from sodium benzophenoneketyl prior to use. CH3CN, iPr2NEt, C¢Fs and DME were distilled
from CaHz. Sodium hydride (NaH) and methylmagnesium bromide were purchased from Energy and
used as received. The other commercially available chemicals were used as received if not mentioned
otherwise. NMR spectra were recorded on a Bruker-400 instrument or Oxford instrument. 'H NMR
chemical shifts were referenced to tetramethylsilane signal (0 ppm), '*C NMR chemical shifts were
referenced to the solvent resonance (77.00 ppm, CDCI3), ’F NMR chemical shifts were referenced
to the solvent resonance. The following abbreviations (or combinations thereof) were used to explain
multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad, q = quadruplet, PE =
petroleum ether, EA = ethyl acetate, THF = tetrahydrofuran, DCM = dichloromethane. IR spectra
were recorded on a Perkin-Elmer Spectrum One FTIR spectrometer with diamond ATR accessory.
High-resolution mass spectra (HRMS) were recorded on LCMS-IT-TOF (ESI-TOF) and EI-TOF
(electro-spray ionization-time of flight) mass spectrometers. Melting points were measured using an

X-4 melting point apparatus (Laboratory Devices, Beijing Taike Co., Beijing, China).

S1



Starting materials were prepared by the following step':

R? NaH, THF ~ R?
RN ’ -~
R1J\/\Br R OH 0°C-RT R1J\/\O/\/\R3

A flame-dried 100 mL three-necked flask was charged with 60% NaH (1.2 equiv) and dry THF
(1 M). Alcohol (1.0 equiv) in THF (1 M) was added dropwise, and the reaction was stirred for an
additional 30 min at room temperature. The flask was then cooled to 0 °C, and a solution of allyl
bromide (1.2 equiv) in THF (1 M) was added dropwise. The mixture was allowed to warm up to room
temperature. After stirring for 12 h, the reaction was quenched by addition of saturated NH4Cl. The
mixture was separated, and the aqueous phase was extracted three times with DCM. The combined
organic phases were then washed with brine, dried over Na>SO4, and concentrated by rotary
evaporation. The residue was purified by flash-column chromatography using 40:1 hexanes/ethyl
acetate as the eluent to afford the corresponding product S.

N =
P >""0">"Ph ((1E,1'E)-Oxybis(prop-1-ene-3,1-diyl))dibenzene (S-1): 19.51 g, 78% yield,

white soild, '"H NMR: (400 MHz, CDCls) § 7.40 (d, J = 7.4 Hz, 4H), 7.32 (dd, J = 7.4, 7.8 Hz, 4H),
7.27-7.20 (m, 2H), 6.64 (d, J = 16.0 Hz, 2H), 6.39-6.27 (m, 2H), 4.21 (dd, J = 6.0, 1.2 Hz, 4H);
analytical data were consistent with previously reported procedure'.
)\ﬁo 0 (E)-2-(3-((3-Methylbut-2-en-1-yl)oxy)prop-1-en-1-y)furan (S-2): 6.68 g,
Ly 39% yield, light yellow oil, '"H NMR: (400 MHz, CDCls) & 7.34 (s, 1H), 6.43
(d, J=16.0 Hz, 1H), 6.36 (s, 1H), 6.30-6.17 (m, 2H), 5.42-5.33 (m, 1H), 4.10 (d, J = 6.0 Hz, 2H),
4.00 (d, J= 6.8 Hz, 2H), 1.76 (s, 3H), 1.68 (s, 3H); analytical data were consistent with previously
reported procedure!.

)\ﬁ (E)-(4-((3-Methylbut-2-en-1-yl)oxy)but-2-en-2-yl)benzene (S-3): 12.87 g,
X =

83% yield, colorless oil, 'H NMR: (400 MHz, CDCl3) § 7.38-7.27 (m, 4H),
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7.25-7.17 (m, 1H), 6.51 (s, 1H), 5.45-5.36 (m, 1H), 4.02 (s, 2H), 3.99 (d, J = 6.8 Hz, 2H), 1.90 (s,
3H), 1.77 (s, 3H), 1.69 (s, 3H); analytical data were consistent with previously reported procedure!.
(E)-1-Chloro-4-(3-((3-methylbut-2-en-1-yl)oxy)prop-1-en-1-
)\/\O =
/\/\O\ cl yl)benzene (S-4): 15.11 g, 76% yield, colorless oil, 'H NMR: (400 MHz,
CDCl) 6 7.34-7.25 (m, 4H), 6.56 (d, J = 16.0 Hz, 1H), 6.34-6.23 (m, 1H), 5.44-5.34 (m, 1H), 4.12
(d,J=6.0Hz, 2H), 4.02 (d, /= 6.8 Hz, 2H), 1.76 (s, 3H), 1.69 (s, 3H); analytical data were consistent
with previously reported procedure!.
(E)-1-methoxy-4-(3-((3-methylbut-2-en-1-yl)oxy)prop-1-en-1-
)\/\O =
/\/\©\0Me yl)benzene (S-5): 7.36 g, 56% yield, colorless oil, 'H NMR: (400 MHz,
CDCl) 6 7.32 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 6.55 (d, J=16.0 Hz, 1H), 6.23-6.11 (m,
1H), 5.44-5.34 (m, 1H), 4.11 (d, /= 6.0 Hz, 2H), 4.01 (d, J = 6.8 Hz, 2H), 3.80 (s, 3H), 1.76 (s, 3H),

1.68 (s, 3H); analytical data were consistent with previously reported procedure'.

2. Supplementary figures and tables of the robotic system
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Fig. S1. Structure and performance of the LCW photocatalytic microreactor module. (A)
Photograph of the cannula configuration of the LCW photocatalytic microreactor. (B) Photograph of
the lasers and optical fibers for optical coupling. (C) Schematic diagram of light coupling from lasers
to optical fibers (C1) and from optical fibers to the LCW photocatalytic microreactor (C2). (D)
Simulation of light intensity distribution in the LCW photocatalytic microreactor (D1) and in the
cross-section of reaction channel (D2) using TracePro software. (E) Temperature controlling device
with a digital temperature controller and a semiconductor chilling plate (E1) to monitor and to control
the temperature of the cooling solution circulated in the outer capillary which was driven by a

diaphragm pump (E2).

Liquid handling module

Absorbance of S-1 (0.01 M) Ir-1 (1 mol%)
at 293.3 nm

I | ! | ! | | | ! | 1 | !
100 200 300 400 500 600 700 800
Times (s)

Fig. S2. Setup and stability of the liquid handling module. (A) Photograph of the setup including
the 10-port selective valve and the syringe pump for automated condition screening. (B) A set of 30
steady-state absorbance data for S-1 catalyzed by Ir-1 obtained in three repetitions of the experiment.
The relative standard deviations (RSD) of the absorbance signal at each time point were below 5%

(n = 13) in the three replicate experiments.

S4



Online UV-Vis absorption spectroscopy module
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Fig. S3. Feasibility validation

monitoring of the photocatalytic [2+2] cycloaddition reaction. (Al, A2) Setups used in the
validation experiments for the online UV-Vis absorption spectroscopy analytical method using the
10 mm cuvette (A1) and the 250 pm detection capillary (A2); (A3) The absorption spectra of carmine
pigment obtained using these two detection vessels in Al and A2. (B) Absorption spectra of the
substrates and the products species, including those of substrate S-1 and corresponding products P-1
(B1), substrate S-3 and corresponding products P-3 (B2), substrate S-4 and corresponding products
P-4 (B3), substrate S-5 and corresponding products P-5 (B4). (C) Absorption spectra of photocatalyst

species including Ir-1, Ir-2, Ir-3, Ir-4, and Ir-5. (D) Absorption spectra change of the reaction mixtures
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Al-assisted prediction of the steady-state absorbance data from the non-steady-state

absorbance data.
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Fig. S4. Al-assisted prediction of the absorbance data and heatmap visualization of product
yields. (A) Three PCA schemes for downscaling the original eigenvalues using the XGB model, with
the dataset divided into training and test sets with a proportion of 70% and 30%. (B) The heatmaps
of the product yields converted from the non-steady-state absorbance data (B1), the steady-state
absorbance data (B2), and the absolute errors between them (B3), with the dataset divided into
training and test sets with a proportion of 10% and 90%. (C) The heatmaps of the product yields
converted from the non-steady-state absorbance data (C1), the steady-state absorbance data (C2), and
the absolute errors between them (C3), with the dataset divided into training and test sets with a
proportion of 30% and 70%. The product yields are displayed in color gradient with blue indicating

low product yields, and red indicating high yields.

Descriptor and algorithms used in Al-assisted cross-species prediction

Table S1. SMILES strings for all the substrate and photocatalyst species.

Substrate Substrate Photocatalyst
. . y Photocatalyst (SMILES)
species (SMILES) species
P oyCR (PFS)
_ e Y e FC(F)(C1=CN=C(C=C1)C2=C(F)C=C(F)C=[C-]2)F.F[P-](F)(F)
Ph_~_O_~Ph g;gcc;ggggég-ccc/ggc r E\:g (F)(F)F.CC(C)(C3=CC(C4=CC(C(C)(C)C)=CC=N4)=NC=C3)C
Ly M FC5=CC(F)=C([C-]=C5)C6=NC=C(C=C6)C(F)(F)F.[Ir+3]
FooyMe )
5 o A oy FC1=CC(F)=C(C2=[N]3C=C(C)C=C2)C([Ir]435([N]6=C(C(C5
%ON g/ccfggf/ coc/ie=ciel= EQ/O\NE[ =CC(F)=C7)=C7F)C=CC(C)=C6)[N]8=CC=C(C(C)(C)C)C=C8
. Ay e C9=[NJ4C=CC(C(C)(C)C)=C9)=C1.F[P-1(F)(F)(F)(F)F
S (B)-C( (CP)FPIC-C2)C([11435(
_ _ O ~n FC1=CC(F)=C(C2=[N]3C=C(C(F)(F)F)C=C2)C([Ir]435([N]6=
th\/OV\( lcf %QE%/_CCOIC/ c=coe F Lg C(C(C5=CC(F)=C7)=C7F)C=CC(C(F)(F)F)=C6)[N]8=CC=C([
It %”\‘H H])C=C8C9=[N14C=CC([H])=C9)=C1.F[P-](F)(F)(F)(F)F

F SNCF,

cl _ e SN FC1=CC(F)=C(C2=[N]3C=C(C)C=C2)C([Ir]435([N]6=C(C(C5
mo N gffg’;fg%?oo& ; .‘\Ng =CC(F)=C7)=CTF)C=CC(C)=C6)[N]8=CC=C([H])C=C8CI=[N
MY ccseencs (AL UC=CC([H])=C9)=C LE[P-(F)(E)E)E)F
FN e
;\‘\
Meo@\N C/C(C)=C/COC/C=C/C1= ©(? C12=CC=CC=C1C3=[N]([Ir]245(C6=C(CT=CC=CC=[N]75)C=
A0y CC=CO0)C=CI %\N\n CC=C6)C8=CC=CC=C8CI=[NJ4C=CC=C9)C=CC=C3
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3. Measurement of laser light intensity

The reactions were carried out with irradiation from 4 blue lasers, and the light was coupled and
conducted into the LCW photocatalytic microreactor through 4 quartz optical fibers. To measure the
laser light intensity coupled into the LCW photocatalytic microreactor, we replaced each of the 4
optical fibers with another optical fiber that was not connected to the microreactor, and measured the
light intensity at its output end by a laser power meter (LP1, Sanwa, Tokyo, Japan) (Fig. S5).

The laser current was set to 0.3 A to make it output weak light that was able to be measured.
The position and the focus of the 4 lasers were fine-tuned until all the coupling ratios exceeded 70%,
then the actual light intensity could be measured by setting different current using the adjustable
power supply (WZ5005E, Xinyue, Qingdao, China). Since the maximum laser light intensity was
beyond the test range of the laser power meter whose detection area was 1 cm?, we enlarged the light
spot to detect the local light intensity, and then the total laser light intensity was calculated. By
extending the distance between the laser power meter and the optical fiber to 17 cm, the actual area
of the light spot at the measurement position was c.a. 20 cm?. In addition, the measured signal of the
laser power meter at 450 nm should be multiplied by a factor of 3.29 to obtain the actual laser light
intensity value. Therefore, the total laser light intensity coupled into the LCW microreactor is equal
to the laser power meter reading multiplied by an area of 20 cm? and a factor of 3.29. With this
method, the total laser light intensity of the four lasers coupled into the LCW photocatalytic

microreactor was measured to be 4.64 W, as shown in Table S2.
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Fig. SS. Photographs of the setup for the laser light intensity measurement. (A) Setup including
an optical fiber and a laser power meter. (B) Amplified 20 cm? laser light spot for measurement of

the light intensity.

Table S2. Coupling ratios and laser light intensity at different currents

Entry Laser Laser Laser Laser Laser light
I(W) 2(W) 3(W) 4(W) intensity (W)

Coupling ratio 3%  T1%  71%  71% -

0.65 A (25% light) 0.30 0.10 0.28 0.09 0.77
0.80 A (40% light) 0.50 0.22 0.52 0.22 1.46
0.95 A (55% light) 0.72 0.4 0.78 0.38 2.32
1.10 A (70% light) 0.94 0.60 1.02 0.52 3.08
1.25 A (85% light) 1.15 0.78 1.26 0.68 3.87
1.40 A (100% light)  1.36 0.95 1.49 0.84 4.64

4. Control program

All modules of the robotic system were automatically controlled by a self-designed LabVIEW-

based program (LabVIEW 8.0, National Instruments, Austin, USA), which was capable of controlling
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the operation of the selective valves, the syringe pumps, the adjustable power supplies, and the
spectrometers, with flexibility to expand the number of each according to the requirements of
photocatalytic, electrocatalytic, or photo-electrocatalytic synthesis (Fig. S6). For the condition
screening of photocatalytic [2+2] cycloaddition, this program was used to control the specific valve
positions of the 10-port selective valve to select different components, as well as the valve positions
(3 valve positions in total), the operation modes (e.g., aspiration and dispensing), the flow rates, and
the sampling volumes of the syringe pump. In order to control the laser light intensity, the current
output of the adjustable power supply could also be set through this control program. For online
detection module, we set the acquisition time and number of data smoothing times for UV-Vis

absorption spectra recording via the program.

) aan st s s, a0 mow e Control Software = 2o mmoy S‘y«ﬂﬂg@: E«m{ = seog
e ~ ~ u | o ~
BHIER EORRT s o 4 % e 70 0 %0 i MEBEE o I — s
ﬁ——:-l, B Ml e
Py [N —]|= =
S — = gmemamamgm | (D
frieliin ).‘ﬂgxa_.:,. — Lo P
C . = Em
] s
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= ‘n '_lel_l_lW’—J = . i
= =g L SpeCtrUﬁf N ‘ﬂm ( _,,_'rji ; )ﬁa ht
= e - =] @ intens
LERT RN L0 ]
¢ ¢ 1 140000- 1

Fig. S6. Self-designed control program for the robotic system in condition screening of the
photocatalytic [2+2] cycloaddition. The program could control the operation of a 10-port selective
valve, a syringe pump, an adjustable power supply for laser intensity regulation, and a

spectrophotometer for UV-Vis absorption spectra recording.
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5. Condition screening programming and rapid data processing

A total orthogonal screening for the photocatalytic [2+2] cycloaddition including 12,000
conditions was designed for both continuous and discrete variables, which was difficult to be
achieved in conventional organic synthesis experiments owing to the excessive experimental
workload. With the robotic system, both steady-state and non-steady-state absorbance data were
obtained for all 12,000 screening conditions. In order to increase the throughput and reduce the time
for sample switching and channel cleaning, we rationalized the order of condition screening. First,
based on the tested substrate species, photocatalyst species, substrate concentration, and photocatalyst
ratio, the stock solutions were selected and 5 mL of reaction mixture was prepared according to the
steps described in Section 2.2, which was used to screen 30 conditions involving 5 flow rates and 6
laser light intensity in one set of experiments (Fig. S7A1). After that, the conditions of different
photocatalyst ratios (i.e., from 0.5 mol% to 2.0 mol%) and different substrate concentrations (i.e.,
from 0.005 M to 0.02 M) were screened. When all 480 conditions for this substrate and this
photocatalyst species (e.g., substrate S-1 and photocatalyst Ir-1) had been screened, the syringe pump,
reaction channel of LCW photocatalytic microreactor, and detection flow-cell channel were
thoroughly cleaned using the solvent DMSO to avoid cross-contamination. Subsequently, we
continued to screen the conditions for this substrate with other photocatalyst species (e.g., substrate

S-1 and photocatalyst Ir-2) until all 2400 data for substrate S-1 were obtained.
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Fig. S7. Typical recordings of steady-state and non-steady-state absorbance data. (A) Typical
recordings of 30 conditions involving 5 flow rates and 6 laser light intensity of the steady-state (A1)
and non-steady-state (A2) absorbance data for S-1. (B) Self-designed data processing software and

method for extracting the steady-state (B1) and the non-steady-state absorbance data (B2).

Unlike the steady-state mode in which the light source was kept on continuously until stable
absorbance value was obtained, the light source in the non-steady-state mode repeated the pulse "on
(2 s) -off (2 s)" mode for all data acquisition while the reaction mixture flowed continuously through
the reaction channel and the detection flow-cell channel. Such a non-steady-state pulse on/off
operation mode belongs to the flow injection analysis (FIA) working format, which could
dramatically reduce the time for acquiring the peak signals corresponding to the experimental
conditions, with the average time for each condition screening shortened from 32 s to 8.5 s (Fig.
S7A2). As the reaction proceeded, the difference between the absorbance of unreacted and reacted
mixture at the selected wavelength was acquired as the steady-state absorbance data, which was used

to primary evaluate the progress and the product yields of the photocatalytic [2+2] cycloaddition
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reaction (Fig. S7B1). We designed a data processing program to quickly processing the steady-state
absorbance data as well as the non-steady-state absorbance data obtained in the screening experiments

(Fig. S7B2).

6. GC and NMR quantitative characterization methods

In order to examine the reliability of the online UV-Vis absorption spectroscopy method in
reaction monitoring, we also collected representative reacted mixture solution and quantitatively
analyzed them with GC or NMR methods.

It should be noted that the product yields of P-2 were obtained through NMR detection with
TMSPh used as the internal standard, while all other product yields were obtained through GC
detection. The GC temperature programs were optimized for different substrate species and
corresponding products. For accurate quantification, the two products obtained from each substrate
species were collected separately using column chromatography. The GC standard curves of the
substrates and products were plotted respectively using the internal standard method, with 1-nonanol
for substrates S-1, S-3 and S-4 and the corresponding products P-1, P-3 and P-4, while 1-tetradecanol

for substrate S-5 and the corresponding products P-5 (Fig. S8).
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A GC method and standard curves for S-1 and P-1

2.4 24 24
A1 Rate Temperature Hold time  Running A2A 4 Standard curve for S$-1 & . 1 Standard curve for P-1 (1) 7 - Standard curve for P-1 (2)
[°C/min] [°C] [min] time [min] Tl =] = 207
= 16 164 S
Start - 60 1 1 o o 4
0 1.2 =12 = 1.2+
rampl 5 105 0 10 T A g £ A4
o 084 © 0.8 ® 0.8
ramp2 40 220 1 13.9 [ y=105x S ] y=1.07x (8 ,] y=1.09x
- ¢ 240 X 4 <04 R2=0.999 | £ %47 Re=0.999 | £ *4] R2=0.999
P : 0.0-FE X 00—
00 04 08 12 16 20 00 04 08 12 16 20 00 04 08 12 16 20
B GC method and standard curves for S-3 and P-3 Mass ratio (S-1/1S) Mass ratio (P-1(1)/IS) Mass ratio (P-1(2)/IS)
2. 20
B1 Rate Temperature  Hold time  Running Bzﬁ 4 Standard curve for S-3 & 4 Standard curve for P-3 (1)| 7 2.0 Standard curve for P-3 (2)
[°C/min] [°C] [min] time [min] g Loy = 16 E\ 1
‘B S & 154
Start - 60 1 1 € 124 & 124 2]
o < =2
rampl 5 105 1 11 T 0.8 -% 0.8 -(% 109
ramp2 40 170 1 13.6 E 04_- vz 106x | 8 04_- y=20.955x S 0.5+ y=21.16x
i R?=0999 (& R*=0.999 (< A R?*=0.999
ramp3 10 190 1 16.6 0.0 — 0.0 T — 0.0 —TTT T T
00 04 08 12 16 00 04 08 12 16 00 04 08 12 16
C GC method and standard curves for S-4 and P-4 Mass ratio (S-3/IS) Mass ratio (P-3(1)/IS) Mass ratio (P-3(2)/IS)
1 20
C1 Rate Temperature  Hold time ~ Running CZ&;\ 1.6 Standard curve for S-4 &  {Standard curve for P-4 (1)l 77 Standard curve for P-4 (2)
°C/mi N i i i 2 = = 1.6
[°C/min] [°C] [min] time [min] 5,,] S12 ]
Start 5 60 1 1 @] I T 124
Bse ~ 0.8 = 4
rampl 5 105 1 11 Ihal g | 208
= ] s
ramp2 20 180 3 17.8 E 0.4 y=0.883x | § 04 y=0.767x | S 0.4 y=0.922x
33 190 1 22.1 ] RE=0999 | < 1 R2=0999[ £ 1 R2=0.999
Tamp : 00 F T 00— T 00— T
00 04 08 12 16 00 04 08 12 16 20 00 04 08 12 16 20
D GC method and standard curves for S-5 and P-5 Mass ratio (S-4/IS) Mass ratio (P-4(1)/IS) Mass ratio (P-4(2)/IS)
1 04 12
D1 Rate Temperature Hold time  Running D2A1 - Standard curve for S-5 &  {Standard curve for P-5 (1), $1 - Standard curve for P-5 (2)
[°C/min] [°C] [min] time [min] [ %0 3] =]
Start 60 1 1 $°%] o oo
a - 2] g a1
0 06+ ~0.24 ~0.6
® 4 2 2 4
rampl 60 200 1 43 E 04] s B 04
g y=0.861x [ © 01 y=0.440x [ 3 1 y=1.15x
ramp2 10 220 1 7.3 <02 ] R2=0.999 3 | R2=0.999 E 024 R?=0.999
LS S LN UL B L B 0O+ 00— T T T T T T
00 02 04 06 08 10 12 00 02 04 06 08 00 02 04 06 08 10

Mass ratio (S-5/IS)

Mass ratio (P-5(1)/IS)

Mass ratio (P-5(2)/1S)

Fig. S8. GC analysis method. Temperature programs and standard curves for substrate S-1 and the
corresponding products P-1 (A), substrate S-3 and the corresponding products P-3 (B), substrate S-4

and the corresponding products P-4 (C), substrate S-5 and the corresponding products P-5 (D).
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7. Product yields of photocatalytic [2+2] cycloaddition reactions

General procedure:

2 p3
RL/\/O\/\/R“ Ir cat, photocatlyst ratios, sustrate concentration‘ R1R RR4
R2 R3 DMSO, 450 nm laser? H%—Tﬁ"'
Substrate species Laser intensity, flow rate e

Unless otherwise noted, synthesis was performed in the LCW photocatalytic microreactor under
the air at ambient temperature, with automatic control of the reaction temperature range in 25 + 2 °C
and irradiation from 450 nm lasers.

We measured the product yields of photocatalytic [2+2] cycloaddition reactions of 5 substrate
species at a concentration of 0.01 M, which were catalyzed by 1 mol% of the photocatalyst Ir-1 with
a residence time of 3.3 s in the LCW photocatalytic microreactor and a laser light intensity of 4.6 W.

The measurement results of the product yields of 6,7-diphenyl-3-oxabicyclo[3.2.0]heptane (P-
1), 7-(furan-2-yl)-6,6-dimethyl-3-oxabicyclo[3.2.0]heptane (P-2), 1,6,6-trimethyl-7-phenyl-3-
oxabicyclo[3.2.0]heptane (P-3), 7-(4-chlorophenyl)-6,6-dimethyl-3-oxabicyclo[3.2.0]heptane (P-4),

and 7-(4-chlorophenyl)-6,6-dimethyl-3-oxabicyclo[3.2.0]heptane (P-5) are as follows.

2 3
SO I-1 (1mol%), 0.01M Y
R R3 DMSO, 4.6 W blue lasers ~ H H
25°C, 3.3 s o
Cl MeO
‘1w Me Me Me
Ph Ph O l\e/le Ph Me Me Me
H%H Heo—H  Me~—=H H~—=H He}—=H
(@) @) (@) (@) O
P-1 88% yield P-2P! 79% yield  P-3 24%yield P-4 68%yield  P-5 69% yield
3.71dr 7.8 dr. 1.5:1 d.r. >10:1 d.r. 8.2:1 dr.

@ Reaction conditions: Substrate (1.0 equiv.) and Ir (dFCF3ppy).(dtobpy)(PFg) (Ir-1, 1 mol%) in
DMSO (0.01 M) were performed in LCW photocatalytic microreactor under 4.6 W blue LEDs for
3.3 s (i.e., 200 7# /min). The yield of P-1, P-3, P-4 and P-5 was detected by GC, and 1-Nonanol
was used as internal standard for P-1, P-3 and P-4, 1-Tetradecanol was used as internal standard
for P-5. P The yield of P-2 was detected by NMR, and TMSPh was used as internal standard.
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Ph Ph 6,7-Diphenyl-3-oxabicyclo[3.2.0]heptane (P-1):

H%:EH (1R*,58*,6R*,7S*) Diastereomer (major): soild. 'H NMR: (400 MHz, CDClz) §
© 7.06 (dd,J=7.2,7.6 Hz, 4H), 6.98 (dd, J= 7.4, 7.4 Hz, 2H), 6.93 (d, /= 7.0 Hz, 4H),
4.10 (d, J = 9.6 Hz, 2H), 3.74 (d, J = 4.0 Hz, 2H), 3.73-3.66 (m, 2H), 3.34-3.25 (m, 2H);
(1R*,55%,65*,75*) Diastereomer (minor): Oil. '"H NMR: (400 MHz, CDCl3) § 7.38-7.14 (m, 10H),
4.04 (d,J=9.2 Hz, 1H), 3.88-3.76 (m, 2H), 3.67 (dd, J=9.6, 6.8 Hz, 1H), 3.54 (dd, J=9.2, 4.0 Hz,
1H), 3.48 (dd, J=10.0, 7.2 Hz, 1H), 3.25 (dd, J=15.8, 7.8 Hz, 1H), 3.16-3.06 (m, 1H). The analytical
data were consistent with previously reported procedure’.
(1R*,5R*,7R*)-7-Furan-2-yl-6,6-dimethyl-3-oxa-bicyclo[3.2.0]heptane (P-2):

Z
[ Me
O —~Me Diastereomer (major): oil. '"H NMR: (400 MHz, CDCl3) & 7.35-7.31 (m, 1H), 6.34-

i OSH 6.28 (m, 1H), 6.03 (d, /= 3.0 Hz, 1H), 4.11 (d, J=10.0 Hz, 1H), 3.80 (d, J=9.2
Hz, 1H), 3.45 (dd, J = 10.0, 6.4 Hz, 1H), 3.42-3.37 (m, 1H), 3.19-3.12 (m, 1H), 2.86 (d, 1H), 2.40
(dd, J = 7.6, 7.2 Hz, 1H), 1.06 (s, 3H), 0.88 (s, 3H). The analytical data were consistent with
previously reported procedure'.

6,6,7-Trimethyl-7-phenyl-3-oxabicyclo[3.2.0]heptane (P-3):

7 \WMe Me
SN ~Me (1R*,5R*,TR*)-Diastereomer (major): oil. "H NMR: (400 MHz, CDCl3) § 7.37-
H H

o) 7.26 (m, 4H), 7.24-7.17 (m, 1H), 6.51 (s, 1H), 5.45-5.36 (m, 1H), 4.02 (s, 2H),
399 (d, J = 7.6, 6.8 Hz, 2H), 1.91-1.88 (m, 3H), 1.77 (s, 3H), 1.69 (s, 3H). (18%,5R*,78%)
Diastereomer (minor): Oil. '"H NMR: (400 MHz, CDCl3) § 7.31 (dd, J= 7.6, 7.2 Hz, 2H), 7.24-7.16
(m, 1H), 6.49 (s, 1H), 5.40-5.31 (m, 1H), 4.06 (s, 2H), 3.91 (d, /= 6.8 Hz, 2H), 1.97 (d, /= 1.4 Hz,
3H), 1.73 (s, 3H), 1.64 (s, 3H). The analytical data were consistent with previously reported

procedure!.
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7-(4-Chlorophenyl)-6,6-dimethyl-3-oxabicyclo[3.2.0]heptane (P-4):

Cl
M (1R*,5R*,TR*)-Diastereomer (major): oil. 'H NMR: (400 MHz, CDCls) §
e
H ?I\H/Ie 7.30-7.22 (m, 2H), 7.10-7.02 (m, 2H), 4.16 (d, J = 10.2 Hz, 1H), 3.77 (d, J =
0 9.2 Hz, 1H), 3.50 (dd, J = 10.2, 6.8 Hz, 1H), 3.43 (dd, J = 9.0, 4.4 Hz, 1H),

3.25-3.17 (m, 1H), 2.95 (d, J= 7.2 Hz, 1H), 2.40 (dd, /= 7.6, 7.4 Hz, 1H), 1.09 (s, 3H), 0.73 (s, 3H).
(18*,5R*,75*) Diastereomer (minor): Oil. 'H NMR: (400 MHz, CDCl3) § 7.26-7.20 (m, 4H), 4.16
(d,J=9.6 Hz, 1H), 4.09 (d, J=10.2 Hz, 1H), 3.47 (dd, /= 10.0, 5.8 Hz, 1H), 3.41 (dd, /= 10.0, 6.4
Hz, 1H), 3.31 (d, /= 9.6 Hz, 1H), 3.26-3.17 (m, 1H), 2.62 (dd, J = 7.6, 6.4 Hz, 1H), 1.28 (s, 3H),

0.86 (s, 3H). The analytical data were consistent with previously reported procedure’.

MeO 7-(4-Methoxyphenyl)-6,6-dimethyl-3-oxabicyclo[3.2.0]heptane (P-5):
MI?/I (1R*,5R*,7R*)-Diastereomer (major): oil. 'H NMR: (400 MHz, CDCI3) &
= |V|e

H SH 7.06 (d, J= 8.4 Hz, 2H), 6.88-6.82 (m, 2H), 4.15 (d, /= 10.0 Hz, 1H), 3.82-
O

3.73 (m, 4H), 3.50 (dd, J = 9.8, 6.8 Hz, 1H), 3.42 (dd, J = 8.8, 4.4 Hz, 1H),
3.25-3.15 (m, 1H), 2.91 (d, J="7.6 Hz, 1H), 2.38 (dd, /= 7.6, 7.2 Hz, 1H), 1.08 (s, 3H), 0.73 (s, 3H).
(18*,5R*,75*%) Diastereomer (minor): Oil. '"H NMR: (400 MHz, CDCI3) § 7.25-7.19 (m, 2H), 6.86-
6.80 (m, 2H), 4.15 (dd, /= 9.8, 6.8 Hz, 2H), 3.79 (s, 3H), 3.47 (dd, /= 9.8, 5.6 Hz, 1H), 3.40 (dd, J
=10.0, 6.4 Hz, 1H), 3.30 (d, /=9.8 Hz, 1H), 3.25-3.16 (m, 1H), 2.60 (dd, /= 7.6, 5.8 Hz, 1H), 1.26

(s, 3H), 0.87 (s, 3H). The analytical data were consistent with previously reported procedure’.

For further validation of the robotic system, we measured the product yields under representative
conditions of photocatalytic [2+2] cycloaddition reaction from the 5 substrate species (i.e., 145
conditions of S-1, and 13 conditions per substrate species of S-2, S-3, S-4 and S-5). Using the robotic

system, 145 representative screening conditions of S-1 were selected to perform the photocatalytic
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[2+2] cycloaddition reaction and their product yields were analyzed with the GC method, involving
all 5 variables (i.e., laser light intensity, substrate concentration, flow rate, photocatalyst species and
photocatalyst ratios) of the screening in Table S3. As the results of the 5 photocatalyst species (i.e.,
Ir-1, Ir-2, Ir-3, Ir-4 and Ir-5), the synthesis using Ir-1 as a photocatalyst could obtain the highest
product yields of P-1 in 92%. The results on different flow rates and laser light intensities of S-2, S-
3, S-4 and S-5 systems are listed in Table S4, S5, S6 and S7, giving P-2 in 7-79% yields, P-3 in 2-
24% yields, P-4 in 10-68% yields, and P-5 in 7-69% yields, respectively. With the flow rate of 200
pL/min (i.e., 3.3 s residence time) and laser light intensity of 4.6 W, the reaction could produce P-2

in 79% yield, P-3 in 24% yield, P-4 in 68% yield and P-5 in 69% yield.

Ph 0. _~_Ph Ir-cat, photocatlyst ratio, concentration ~ Phy__,Ph
\/\/ -
N AN DMSO, 450 nm Laserx4 H%_TrH
S-1 Laser intensity, flow rate o

Table S3. Product yields of 145 representative conditions of S-1 system

Entry ; Fr?tzv Concentration rzt?o in%ét%iliiy Yioeld dr. Rec(()) very
PeCies miny M oty (wy () (%)
1 -1 200 0.005 0.5 i i i 08
2 Il 200 0.005 05 08 § 391 89
3 Il 200 0.005 05 15 26 381 65
4 Il 200 0.005 0.5 23 8B 381 45
5 Il 200 0.005 05 3.1 57 361 29
6 I-1 200 0.005 0.5 39 66 361 19
7 Il 200 0.005 0.5 46 72 371 14
8 Il 200 0.005 10 08 20 371 M
9 Il 200 0.005 10 15 53 371 35
10 Il 200 0.005 10 23 70 381 15
no Il 200 0.005 0 31 80 381 7
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Entry : Fr?tzv Concentration rzt?o in%ét%?iiy Yioeld dr. Rec(c)) very
species rmim) Mmooty wy P (%)
12 -1 200 0.005 0 39 84 371 3
13 Il 200 0.005 10 46 87 371
14 Il 200 0.005 15 08 31 361 55
15 Il 200 0.005 15 15 61 361 22
16 -1 200 0.005 15 23 77 381 8
17 Il 200 0.005 15 31 84 371 3
18 Il 200 0.005 15 39 86 371
19 Il 200 0.005 15 46 86 371
20 -1 200 0.005 20 08 41 371 47
1A Il 200 0.005 20 15 71 371 15
2 Il 200 0.005 20 23 8 371 5
3 Il 200 0.005 20 31 85 361 2
4 Il 200 0.005 20 39 87 361
5 Il 200 0.005 20 46 89 371
%6 -1 200 0.01 05 08 2 381 66
27 Il 200 0.01 05 15 46 381 40
8 Il 200 0.01 05 23 61 371 25
29 Il 200 0.01 0.5 3.1 70 371 16
30 -1 200 0.01 0.5 39 76 381 10
31 Il 200 0.01 0.5 46 80 371 7
32 Il 200 0.01 10 08 30 371 62
3 01 200 0.01 10 15 59 381 28
34 Il 200 0.01 10 23 76 381 12
35 -1 200 0.01 10 31 84 381 4
36 Il 200 0.01 10 39 86 371 2
37 Il 200 0.01 10 46 88 371/
38 -1 200 0.01 15 08 44 371 45
30 -1 200 0.01 15 15 74 371 13
40 -1 200 0.01 15 23 85 361 3
s Il 200 0.01 15 31 %0 371/
2 Il 200 0.01 15 39 %0 371
3 1 200 0.01 15 46 o 371/
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Entry : Fr?tzv Concentration rzt?o in%ét%?iiy Yioeld dr. Rec(c)) very
species rmim) Mmooty wy P (%)
44 Il 200 0.01 20 08 47 351 38
45 -1 200 0.01 20 15 81 371 8
46 -1 200 0.01 20 23 88 371/
47 Il 200 0.01 20 31 %0 371/
48 Il 200 0.01 20 39 88 361
49 Il 200 0.01 20 46 89 361
50 01 200 0.015 05 08 12 361 84
51 01 200 0.015 05 15 29 381 64
52 Il 200 0.015 0.5 23 44 381 45
53 Il 200 0.015 05 3.1 59 371 28
54 Il 200 0.015 05 39 70 381 18
55 Il 200 0.015 0.5 46 77 381 I
56 I-1 200 0.015 10 08 15 371 8l
57 -1 200 0.015 10 15 40 381 48
58 Il 200 0.015 10 23 58 381 29
50 Il 200 0.015 0 31 75 371 12
60 Il 200 0.015 10 39 83 371 6
61 Il 200 0.015 10 46 86 381 3
62 -1 200 0.015 15 08 18 361 77
63  I-1 200 0.015 15 15 52 381 37
64  I-1 200 0.015 15 23 71 381 16
65 Ir-1 200 0.015 15 31 85 371 S
66 Ir-1 200 0.015 15 39 89 371 -
67 Ir-1 200 0.015 15 46 00 371 -
68 Ir-1 200 0.015 20 08 2 361 69
69 I-1 200 0.015 20 15 59 381 29
70 -1 200 0.015 20 23 78 371 10
7 Il 200 0.015 20 3.1 89 371 2
7 -1 200 0.015 20 39 o1 371 -
73 Il 200 0.015 20 46 o1 371 -
74 Il 200 0.02 05 08 9 351 89
75 Il 200 0.02 05 15 20 361 73
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Entry : Fr?tzv Concentration rzt?o in%ét%?iiy Yioeld dr. Rec(c)) very
species rmim) Mmooty wy P (%)
76 -1 200 0.02 05 23 3 371 56
77 -1 200 0.02 05 3. 49 381 39
78 Il 200 0.02 05 39 61 381 26
79 Il 200 0.02 05 46 69 381 18
80 Il 200 0.02 10 08 18 361 76
81 Il 200 0.02 10 15 36 371 53
8 Il 200 0.02 10 23 56 381 30
83 Il 200 0.02 10 31 74 371 14
84 Il 200 0.02 10 39 8 371 7
85 Il 200 0.02 10 46 86 371
8 Ir-1 200 0.02 15 08 25 361 69
87 Il 200 0.02 15 15 47 361 43
88  Ir-1 200 0.02 15 23 69 381 20
80 Il 200 0.02 15 31 83 371
9 Il 200 0.02 15 39 88 371
o1 Il 200 0.02 15 46 %0 371 -
92 Il 200 0.02 20 08 31 361 60
93 Il 200 0.02 20 15 58 371 30
94 Il 200 0.02 20 23 78 371 10
95 Il 200 0.02 20 3.1 8 371 3
9% Ir-1 200 0.02 20 39 9 371 -
97 Il 200 0.02 20 46 o1 371 -
98 Il 600 0.01 10 08 3 391 93
9 Il 600 0.01 10 15 10 361 83
100 I-1 600 0.01 10 23 21 371 68
101 Il 600 0.01 10 31 31 381 55
102 Il 600 0.01 10 39 £ 381 44
103 Il 600 0.01 10 46 48 381 36
104 -1 500 0.01 10 08 2 i 93
105 11 500 0.01 10 15 1 361 8l
106 I-1 500 0.01 10 23 2% 361 63
107 Il 500 0.01 10 31 35 381 51
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Entry : Fr?tzv Concentration rzt?o in%ét%?iiy Yioeld dr. Rec(c)) very

species rmim) Mmooty wy P (%)
108 Il 500 0.01 0 39 45 381 39
109 Il 500 0.01 10 46 53 381 30
10 -1 400 0.01 10 08 4 391 9
1 -1 400 0.01 10 15 13 351 77
12 Il 400 0.01 10 23 30 381 57
13 Il 400 0.01 10 31 B3 &
14 Il 400 0.01 10 39 s4 371 3
1Hs Il 400 0.01 10 46 61 371 23
e Il 300 0.01 10 08 s 331 89
07 Il 300 0.01 10 15 17 361 73
us Il 300 0.01 10 23 38 361 48
19 Il 300 0.01 10 31 s4 371 3
120 Il 300 0.01 10 39 62 381 21
121 Il 300 0.01 10 46 69 381 14
122 2 200 0.01 10 08 6 391 93
123 2 200 0.01 10 15 16 361 80
124 12 200 0.01 10 23 30 381 62
125 2 200 0.01 10 31 45 371 46
126 =2 200 0.01 10 39 55 371 34
127 Ir2 200 0.01 10 46 63 381 27
128 I3 200 0.01 10 08 10 361 89
129 I3 200 0.01 10 15 28 381 65
130 I3 200 0.01 10 23 46 381 44
131 I3 200 0.01 10 31 56 381 32
132 I3 200 0.01 10 39 63 381 25
133 I3 200 0.01 10 46 67 381 2l
134 T4 200 0.01 10 08 4 391 97
135 4 200 0.01 10 15 14 361 83
136 T4 200 0.01 10 23 2% 37170
137 4 200 0.01 10 31 31 371 62
138 Ir4 200 0.01 10 39 36 361 56
139 Ir4 200 0.01 10 46 40 371 sl
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Flow PC Light

Entry species rate Conc(elil/it)ratlon ratio  intensity ngl)d d.r. Re((:(c)}v)ery
p (WL/min) (mol%) (W) ° 0
140 Ir-5 200 0.01 1.0 0.8 5 3.7:1 95
141 Ir-5 200 0.01 1.0 1.5 17 3.7:1 80
142 Ir-5 200 0.01 1.0 2.3 32 3.7:1 62
143 Ir-5 200 0.01 1.0 3.1 46 3.7:1 48
144 Ir-5 200 0.01 1.0 3.9 55 3.7:1 36
145 Ir-5 200 0.01 1.0 4.6 62 3.7:1 29
Z
% Ir-1 (1mol%), 0.01 M o\ Mie
0 r-1 (1mol%), O.
O~~~ A -
\/\( DMSO, 450 nm Laserx4 H H
S-2 Laser light intensity, flow rate O
P-2

Table S4. Product yields of 13 representative conditions of S-2

Ent IaoLV/Vnif‘S Light(iwm)em“y Yield (%)  dur. Rez%ery
1 600 0.8 7 6.0:1 80
2 600 15 o 501 70
3 600 23 19 851 60
4 600 3.1 26 771 53
5 600 3.9 2 701 47
6 600 46 40 701 40
7 200 0.8 0 901 73
8 200 15 25 731 54
9 200 23 4 781 36
10 200 3.1 59 741 2
1 200 3.9 68 871 10
12 200 46 79 781 5
13 200 i i i 87
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Phw/\/OA(
S-3

Ir-1 (1mol%), 0.01 M

DMSO, 450 nm Laserx4

Laser light intensity, flow rate

ph_ Me

Me
Me H

o
P-3

Table SS. Product yields of 13 representative conditions of S-3

By Tl Light IGnSity i o)) gy, Resovery
1 600 0.8 2 2.0:1 82
2 600 1.5 3 1.6:1 68
3 600 2.3 6 2.0:1 58
4 600 3.1 7 1.8:1 54
5 600 3.9 8 1.7:1 48
6 600 4.6 9 1.5:1 47
7 200 0.8 4 1.6:1 58
8 200 1.5 9 1.7:1 46
9 200 2.3 13 1.6:1 42
10 200 3.1 17 1.6:1 40
11 200 3.9 21 1.5:1 38
12 200 4.6 24 1.5:1 37
13 200 - - - 106
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\O\AOA(

S-4

Ir-1 (1mol%), 0.01 M

Cl

DMSO, 450 nm Laserx4
Laser light intensity, flow rate

H

P-4

Table S6. Product yields of 13 representative conditions of S-4

Entry fi‘iv/vr;fs Light(i\‘;vtfm“y Yield (%)  dur. Rez%ery
1 600 0.8 10 >10:1 74
1 600 15 18 >10:1 60
3 600 23 23 >0 51
4 600 31 27 >101 44
5 600 3.9 30 >101 39
6 600 46 36 >10:1 35
7 200 0.8 19 >101 51
8§ 200 15 3 >101 36
9 200 23 45 >101 27
10 200 31 54 >10:1 19
n 200 3.9 61 >10:1 15
12 200 46 68  >10:1 1
13 200 i i i 104
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MeO
\©\/\/O\/\(

S-5

Ir-1 (1mol%), 0.01 M

MeQO

DMSO, 450 nm Laserx4
Laser light intensity, flow rate

P-5

Table S7. Product yields of 13 representative conditions of S-5

Ent fﬁivfnfs Light(iwm)em“y Yield (%)  dur. Rez%ery
1 600 0.8 7 8.2:1 76
2 600 15 14 841 62
3 600 23 20 791 50
4 600 31 27 851 0
5 600 39 2 821 35
6 600 46 37 801 30
7 200 0.8 19 811 50
8 200 15 36 8.0:1 30
9 200 23 49 811 18
10 200 31 63 761 1
no 200 39 71 721 6
12 200 46 6  82:1
13 200 i i i 99
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8. Relationship between steady-state absorbance and product yield

A A1 A2100%— Photocatalyst ratios Flow rate & light intensity
4 24 conditions for S-1 oo 30 conditions for S-1 ..
80%—
100%—- 145 conditions for S-1 60%-]
] i 40%-] e i
80%- oL ] —a
o~ o S0 a ool - y=4.93x 7. y=3.86x
- —— o “" 5 R?=0.998 R2=0.951
- ° 0 o X
o 60% o..: o 0f
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Fig. S9. Relationship between steady-state absorbance data and product yields. (A) Relationship
between 145 representative steady-state absorbance data and product yields of substrate S-1 with R?
= 0.976 (Al), including different variables such as photocatalyst ratios, flow rates, laser light
intensities, substrate concentrations and photocatalyst species (A2). (B) Relationships between 12
representative steady-state absorbance data for substrates S-2 (B1), S-3 (B2), S-4 (B3) and S-5 (B4),

respectively, with the R? value range of 0.936-0.993.

After obtaining product yields for representative conditions by GC and NMR methods, we
determined the relationship between the steady-state absorbance data and product yields by linear
fitting. To calibrate the effect of different concentrations of the reaction mixture, we first converted
all the selected 145 steady-state absorbance data of S-1 into the value of change in molar absorbance

coefficient (Ag), and the linear fitting showed a quite good correlation (R? = 0.976, n = 145) between
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the Ae values and product yields (Fig. S9A). In addition, the linear fitting was also attempted with
some representative data from other substrate species (i.e., 12 data per substrate species for S-2, S-3,
S-4 and S-5 systems, respectively), and similar results were obtained with the R? value range of 0.936-
0.993 (Fig. S9B). These results demonstrated the feasibility and reliability of using the online UV-
Vis absorption spectroscopy method to monitor the progress of the photocatalytic [2+2] cycloaddition
reaction and to evaluate the product yields. All the steady-state absorbance data obtained were then

converted into product yields for further data analysis.

9. Performance comparison between the batch and flow synthesis systems

Fig. S10. Setup for batch synthesis of different substrate concentrations. Batch synthesis
performed under stirring and light irradiation (A), with standard 2-mL vials as the reactors

symmetrically placed in the center of the coiled LED (B).

The present LCW photocatalytic microreactor showed the potential to achieve rapid
photocatalytic synthesis with high product yields at higher substrate concentration ranges, so we
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screened the conditions of substrate S-1 with photocatalyst Ir-1 (1 mol%) using the LCW
photocatalytic microreactor-based system and a batch photocatalytic reactor at different
concentrations from 0.01 M to 2.0 M, respectively. Flow synthesis at different concentrations were
carried out with the LCW photocatalytic microreactor using the procedure as previously described.
As for the batch mode, standard 2 mL glass vials were used as the reactors, and the reaction mixture
was stirred and irradiated by a 10 W (5 W/m * 2 m) 450 nm coiled LED for 4 h (Fig. S10A). In order
to ensure that all vials could be uniformly illuminated and the synthesis was performed at ambient

temperature, the vials were symmetrically placed in the center of the coiled LED strip (Fig. S10B).

10. Hyperparameters of the AI models

In the Al-assisted absorbance prediction, the performance of each Al model usually related to
several to even a dozen of hyperparameters, from which 1-6 hyperparameters with large impacts on
model performance were empirically selected and optimized using the Grid Search method (i.e., the
GridSearchCV in sklearn.model selection). Based on the default values of each hyperparameter, the
single training time consumed by the model, the characteristics of the dataset (i.e., amount of data
and number of features), and prior experience, the selection ranges of these hyperparameters to be
searched (i.e., the param_grid parameter in GridSearchCV) were generated in advance, and the Al
models with different hyperparameter values were trained, evaluated, and optimized with 5-fold
cross-validation. The optimal hyperparameter values were obtained from GridSearchCV's
best params , and the optimal model was obtained from GridSearchCV's best estimator . For
example, for the Random Forest regression model, the selected hyperparameters and their values
included: param_grid = {'n_estimators": [250, 350, 500], 'max_depth":[10, 30, 50], 'max_features': [4,

6]}. The optimal hyperparameters and their values included: {'max_depth": 30, 'max_features': 6,
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'n_estimators': 350}. Considering that each AI model involved different hyperparameters, each of the

10 Al models was analyzed specifically to obtain the optimal hyperparameter values, respectively

(Table S8). The linear regression model was not optimized for hyperparameters as sklearn does not

have hyperparameters set for it.

Table S8. Selected hyperparameters and their values of the 10 AI models, with the optimal

hyperparameter values.

Regression
models

Selected hyperparameters and values

Optimal hyperparameter values by
grid search

PLSR

Linear

Adaboosting

ExtraTree

SVR

KNN

MLP

Random
Forest

Cascade
Forest

XGB

{'n_components'" [1, 2, 5, 9]}
No model parameters need to screen

{'n_estimators': [50, 100, 200],
'learning_rate":[0.1, 0.5, 1]}

{'max_depth': [3, 10, 20], 'min_samples_leaf":[5,
10, 20], 'min_samples_split":[10, 30, 50]}

{C:[0.1,1,5, 10}

{'weights":['distance'], 'n_neighbors": [5, 10, 30],
(L, 2, 4]}

{'solver":['lbfgs'], 'activation":['relu'],
'learning_rate init':[0.001],

'hidden_layer_sizes":[(50,50), (50,20), (50,50,20)],

'max_iter': [100, 200], 'alpha':[0.001, 0.01]}

{'n_estimators": [250, 350, 500], 'max_depth':[10,

30, 50], 'max_features': [4, 6]}

{'max_layers'": [20, 30], 'n_estimators":[2, 10],
'n_trees'":[100, 150]}

{'n_estimators'": [200, 300, 500]}

{'n_components'": 9}

{'learning_rate": 0.1, n_estimators': 100}
{'max_depth": 20, 'min_samples_leaf" 5,
'min_samples split': 10}

{'C 1}

{'n_neighbors": 5, 'p" 1, 'weights":
'distance'}

{'activation": 'relu’, 'alpha': 0.001,
'hidden_layer_sizes'": (50, 50, 20),
'learning_rate_init": 0.001, 'max_iter': 200,
'solver': 'Ibfgs'}

{'max_depth": 30, 'max_features': 6,
'n_estimators': 350}

{'max_layers'": 20, 'n_estimators': 2,
'n_trees': 150}

{'n_estimators': 500}

In the Al-assisted cross-species prediction, we used the XGBoost's default hyperparameters

because they could offer good performance.
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11 Cross-validation studies

11.1 Cross-validation study of Al-assisted absorbance prediction

Table S9. The 10-fold cross-validation study performed on the entire dataset in the Al-assisted

absorbance prediction. The model performance metrics include the MAE, RMSE, and R? values

and their means, standard deviations, and coefficients of variation (CV).

Metrics of the test set

Entry Train Index Test Index
MAE RMSE R?

1 [012..1197 1198 1199] [1200 1201 1202 ... 11997 11998 11999] 0.0182  0.0289  0.961
2 [1200 1201 1202 ... 2397 2398 2399] [012...1198 1199 2400... 11997 11998 11999] 0.0188  0.0296  0.959
3 [2400 2401 2402 ... 3597 3598 3599] [012...2398 2399 3600... 11997 11998 11999] 0.0188  0.0304  0.956
4 [3600 3601 3602 ... 4797 4798 4799] [012..3598 3599 4800... 11997 11998 11999] 0.0179  0.0292  0.960
5  [4800 4801 4802 ... 5997 5998 5999] [012...4798 4799 6000... 11997 11998 11999] 0.0191  0.0309  0.955
6 [6000 6001 6002 ... 7197 7198 7199] [012..5998 5999 7200... 11997 11998 11999] 0.0180 0.0286  0.962
7 [7200 7201 7202 ... 8397 8398 8399] [012..7198 7199 8400... 11997 11998 11999] 0.0177  0.0277  0.964
8  [8400 8401 8402 ... 9597 9598 9599] [012...8398 8399 9600... 11997 11998 11999] 0.0203  0.0327  0.950
9  [9600 9601 9602 ... 10797 10798 10799] [1(;9199§ + 9398 9599 110800... 11997 11998 0.0199 0.0325  0.951
10 [10800 10801 10802 ... 11997 11998 11999] [01 2 ... 10797 10798 10799] 0.0184 0.0299  0.958
Mean 0.0187  0.0300  0.958

Standard deviation 0.000842 0.00164 0.00469

Coefficient of variation (CV) 450%  5.44%  0.49%

In the task of predicting 12,000 steady-state absorbance data using 10% of the non-steady-state

absorbance data as the training set of the XGB model, a 10-fold cross-validation study was performed

on the entire dataset by dividing the dataset equally into 10 parts (i.e., 0-10%, 10-20%, ..., 90-100%).

Each time, one part of them was taken as the training set and the remaining 9 parts as the test set,

resulting in a total of 10 kinds of training/test sets. To ensure the randomness in the extracting of the
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training sets, the data in the dataset were disrupted in order before performing the 10-fold cross-
validation. The optimized XGB regression model (i.e., n_estimators hyperparameter taking the value
of 500 filtered by grid search) was trained and evaluated using the 10 training/test sets, and the model
performance metrics including the MAE, RMSE, and R? values and their means, standard deviations,
and coefficients of variation (CV) were calculated (Table S9). The results showed that the model
performance metrics obtained from the dataset as shown in Figure 4A had no significant difference,
and the coefficients of variation were 4.50% for MAE, 5.44% for RSME and 0.49% for R?

respectively, indicating the good generalization ability of the model.
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11.2 Cross-validation studies of Al-assisted cross-species prediction

In the cross-species prediction, the cross-validation studies were performed for both cross-
photocatalyst and cross-substrate prediction. In the cross-photocatalyst prediction, the data of 4
photocatalyst species were used as the training set to predict the yields of the other 1 photocatalyst
species, and the data of 3 photocatalyst species were used as the training set to predict the yields of
the other 2 photocatalyst species, with box plots showing the product yield results (Fig. S11A).

In the cross-substrate prediction, the data of 3 substrate species were used as the training set to
predict the yields of the other 1 substrate species, and the data of 2 substrate species were used as the
training set to predict the yields of the other 2 substrate species, with box plots showing the product
yield results (Fig. S11B). For instance, we used the data of S-1, S-2, and S-4 as the training set to
predict the yields of S-5, achieving MAE=0.0698 and RMSE=0.0878 (Fig. S11B1). The distinct
effects of the 5 photocatalyst species on S-5 were accurately predicted with Ir-1 as the optimal
photocatalyst. With a smaller training set of S-1 and S-2, the prediction for S-4 and S-5 were also

completed with MAE=0.0772 and RMSE=0.0999 (Fig. S11B2).
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Fig. S11. The cross-validation studies for the cross-species prediction. The results of the cross-

validation studies including the cross-photocatalyst (A) and the cross-substrate prediction (B).

S34



The performance parameters of the test set for all possible cases were obtained in the cross-

validation studies, and their small errors demonstrated the stability of the method (Table S10, S11).

Table S10. Model performance metrics include MAE and RMSE values, with their means and

standard deviations, obtained in cross-validation studies for the cross-photocatalyst prediction.

Metrics of the test set

Entry Train set Test set

MAE RMSE

1 Ir-2,3,4,5 Ir-1 0.1000 0.1190
2 Ir-1,3,4,5 Ir-2 0.0332 0.0429
3 Ir-1,2,4,5 Ir-3 0.0364 0.0497
4 Ir-1,2,3,5 Ir-4 0.0837 0.1086
5 Ir-1,2,3,4 Ir-5 0.1183 0.1540
Mean 0.0743 0.0958

Standard deviation 0.0341 0.0424

1 Ir-3,4,5 Ir-1,2 0.0577 0.0774
2 Ir-2,4,5 Ir-1,3 0.0667 0.0898
3 Ir-2,3,5 Ir-1,4 0.0918 0.1140
4 Ir-2,3,4 Ir-1,5 0.1091 0.1376
5 Ir-1,4,5 Ir-2,3 0.0913 0.1131
6 Ir-1,3,5 Ir-2,4 0.0586 0.0830
7 Ir-1,3,4 Ir-2,5 0.0758 0.1131
8 Ir-1,2,5 Ir-3,4 0.0813 0.1070
9 Ir-1,2,4 Ir-3,5 0.0762 0.1136
10 Ir-1,2,3 Ir-4,5 0.0861 0.1154
Mean 0.0795 0.1064

Standard deviation 0.0152 0.0171
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Table S11. Model performance metrics include MAE and RMSE values, with their means and

standard deviations, obtained in cross-validation studies for the cross-substrate prediction.

Metrics of the test set

Entry Train set Test set
MAE RMSE
1 S-2,4,5 S-1 0.0658 0.0886
2 S-1,4,5 S-2 0.0885 0.1097
3 S-1,2,5 S-4 0.0517 0.0636
4 S-1,2,4 S-5 0.0698 0.0878
Mean 0.0690 0.0874
Standard deviation 0.0131 0.0164
1 S-4,5 S-1,2 0.0773 0.1000
2 S-2,5 S-1,4 0.0584 0.0768
3 S-2,4 S-1,5 0.0615 0.0792
4 S-1,5 S-2,4 0.0628 0.0830
5 S-1,4 S-2,5 0.0774 0.0999
6 S-1,2 S-4,5 0.0772 0.0999
Mean 0.0691 0.0898
Standard deviation 0.00831 0.0103
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12. NMR spectra
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