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Table S.5. List of CePO4 XRD peaks.
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Figure S.17. XRD pattern of the catalyst CePO.
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The average size of the catalyst's particles was calculated using the Scherrer equation,
upon averaging size calculated based on the three main peaks (9,10,12) in table S.1.
The calculated average was 14.77nm with a standard deviation of 4.245.



Surface Area

Table S.6. BET — measurement of CePO4
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Figure S.18. (A) The UV-vis diffuse reflectance spectrum of CePQ,, (B) Tauc plot assuming
indirect transition [(hvA)? VS. photon energy], (C) Tauc plot assuming direct transition
[(hvA)®® VS. photon energy]

Table S.7. Calculated Band Gap for CePO4

The particle Edge of In - direct Direct
absorbance

CePO, A36nm 3.00eV 2.90eV




2. Products Identification Using HR-direct MS
2A. HR-direct MS Results of Life-Building Blocks After the One-Pot
Reaction of Formamide and CePQOg,

The primely identification of the crude product was obtained by high resolution direct
MS (in positive ionization +1). Figures S.3 — S.16) show the compounds identified by
HR-MS after 48 hours of formamide reaction in the presence of CePO4 at 170°C and
under UV irradiation. The ion formula contains extra hydrogen (and +1 in the total m/z)
since the measurements were performed in positive ionization. All results were
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Figure S.319. HR-direct MS mass results of the nucleobase guanine found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.4. HR-direct MS results of the nucleobase cytosine found in the reactor vessel following
48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.5. HR-direct MS results of the nucleobase adenine found in the reactor vessel following
48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.6. HR-direct MS results of the nucleobase uracil found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.7. HR-direct MS results of the nucleoside cytidine found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium
phosphate.
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Figure S.8. HR-direct MS results of the nucleoside adenosine found in the reactor vessel
followina 48 hrs. of reaction at 170<C under lioht and in the presence of cerium phosphate.
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Figure S.9. HR-direct MS results of the nucleoside uridine found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium
phosphate.
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Figure S. 21. HR-direct MS results of the nucleoside thymidine found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.20. HR-direct MS results of the nucleoside guanosine found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.23. HR-direct MS results of the cyclic nucleotide cAMP found in the reactor

vessel following 48 hrs. of reaction at 170<C under light and in the presence of cerium
phosphate.
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Figure S.22. HR-direct MS results of the cyclic nucleotide cGMP found in the reactor vessel
following 48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.14. HR-direct MS results of the nucleotide TMP found in the reactor vessel following
48 hrs. of reaction at 170<C under light and in the presence of cerium phosphate.
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Figure S.25. HR-direct MS results of the nucleotide GMP found in the reactor
vessel following 48 hrs. of reaction at 170<C under light and in the presence of
cerium phosphate.
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Figure S.26.HR-direct MS results of the nucleotide CMP found in the reactor vessel following 48 hrs. of
reaction at 170<C under light and in the presence of cerium phosphate.



2B. HR-direct MS Results of Formamide and Water Following Heating in the
presence of CePOg4

As part of the control experiments, formamide was measured by HR direct-MS prior to
reaction to verify its purity and to assure that the products were formed during the
reaction. In this measurement, the formamide was injected to the HR direct-MS and the
molecular mass of each product was searched. As expected, no compounds were found
(Figures S.17-S.19).

A second set of measurements was aimed at showing that the catalyst used for the
reaction was obtained without any products adsorbed on its surface. For that, the
catalyst’s particles were introduced into a tube containing HPLC — grade water and the
tube was heated to 90 <C for one hour. Then the liquid was separated from the catalyst
by centrifugation at 14,000 rpm for 10 min and measured by direct MS. Here, again, no
compounds of interest could be observed (Figures S.20- S.22).
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Figure S.27. HR-direct MS results of formamide as received. Each trace depicts the temporal profile
of a specific mass of interest, demonstrating the lack of products in the formamide prior to reaction.

The upper trace presents the UV chromatogram as a function of time, measured at 260 nm. The
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Figure S.28. HR-direct MS results of formamide (continued). Each trace depicts the temporal
profile of a specific mass of interest, demonstrating the lack of products in the formamide prior to
reaction.

The upper trace presents the UV chromatogram as a function of time, measured at 260 nm. The
presented signal intensities in the other traces represent the integrated signals between (m-0.5)/z
and (m+0.5)/z, in which “m” is the nominal mass depicted in the legend.
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Figure S.19. HR-direct MS results of formamide (continued). Each trace depicts the temporal profile of
a specific mass of interest, demonstrating the lack of products in the formamide prior to reaction.

The upper trace presents the UV chromatogram as a function of time, measured at 260 nm. The presented
signal intensities in all other traces represent the integrated signals between (m-0.5)/z and (m+0.5)/z, in
which “m” is the nominal mass depicted in the legend.
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Figure S.29. HR-direct MS results of water following heating in the presence of as-received catalyst
particles. Each trace depicts the temporal profile of a specific mass of interest, demonstrating the purity

of the catalyst’s particles.

The upper trace presents the UV chromatogram as a function of time, measured at 260 nm.. The presented
signal intensities in all other traces represent the integrated signals between (m-0.5)/z and (m+0.5)/z, in

which “m” is the nominal mass depicted in the legend.
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Figure S.

30. HR-direct MS results of water following heating in the presence of as-received
catalyst particles (continued). Each trace depicts the temporal profile of a specific mass of

interest, demonstrating the purity of the catalyst’s particles.

The upper trace presents the UV chromatogram as a function of time, measured at 260 nm
The presented signal intensities in all other traces represent the integrated signals between

(m-0.5)/z

and (m+0.5)/z, in which “m” is the nominal mass depicted in the legend.
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Figure S.31. HR-direct MS results of water following heating in the presence of as-received
catalyst particles (continued). Each trace depicts the temporal profile of a specific mass of interest,
demonstrating the purity of the catalyst particles.

The upper trace presents the UV chromatogram as a function of time, measured at 260 nm. The
presented signal intensities in all other traces represent the integrated signals between (m-0.5)/z
and (m+0.5)/z, in which “m” is the nominal mass depicted in the legend.



3. LC-MS Results

3A.Calibration Curves (DNA/RNA building blocks) for LC-MS measurements
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3B. LC-MS Results of Crude Product After Reaction

The identification and quantification of the crude product was obtained by high
resolution LC-MS (in positive ionization +1). All result compered to commercial
standards (part 3A).
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Figure S.32. LC-MS results of formamide and CePO, after 48 hours under 170°C and UV
irradiation. The upper trace presents the UV chromatogram as a function of time, measured at
260 nm.
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Figure S.25. LC-MS results of the product adenine after reaction of formamide and CePO, for
48 hours under 170°C and UV irradiation
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Figure S.26. LC-MS results of the product cAMP after reaction of formamide and CePO, for
48 hours under 170°C and UV irradiation
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Figure S.27. LC-MS results of the product CMP after reaction of formamide and CePO4 for 48
hours under 170°C and UV irradiation
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Figure S.28. LC-MS results of the product thymidine after reaction of formamide and CePO,
for 48 hours under 170°C and UV irradiation
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Figure S.29. LC-MS results of the product GMP after reaction of formamide and CePO4 for 48
hours under 170°C and UV irradiation
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Figure S.30. LC-MS results of the product cytosine after reaction of formamide and CePO, for
48 hours under 170°C and UV irradiation
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Figure S.33. LC-MS results of the product thymine after reaction of formamide and CePO, for
48 hours under 170°C and UV irradiation



4. Adsorption experiments

Experimental Details:

Different solutions, each containing one the following compounds (adenine, adenosine,
AMP, or cAMP) at a concentration of 3.7mM in formamide were prepared under
stirring. 4ml of solution were introduced into a vessel together with 105.2 mg CePOg,
yielding a particles’ concentration of 2% by weight. The tubes were held in the dark,
under stirring and nitrogen flow (0.2 I/m), half of which at a temperature of 300°K and
the other half at 333 K. Samples (70L) were taken at 0, 10, 30, 60, 90, and 120 minutes
from the beginning of the process. The samples were centrifuged (10,000 rpm, 10 min.)
to separate the liquid from the particulate matter. 25 of the liquid phase were placed
in a clean Eppendorf together with 15pL of formamide and 1.96 ml of HPLC-grade
water. The water was added to stabilize the absorption curve of adenine, whose UV-vis
absorption spectrum is known to depend on its charge. The UV-vis absorption of said
solution was measured using a Shimadzu UV-2600 spectrophotometer to determine the
concentration of the species of interest in the solution. All calibration curves were
prepared in the same water: formamide ratio (1.96 ml water + 0.04 ml formamide).
Table S. 4 describes the composition of each point in the calibration curve.

Table S. 8. The composition of each point in the calibration curve.

Sample name HPLC- Solution Formamide
grade

A-Adenine
water

AD-Adenosine

AMP- Adenosine mono phosphate

cAMP- adenosine cyclic monophosphate

A1/AD1/AMP1/cAMP1 1960puL SulL 35uL
A2/AD2/AMP2/cAMP2 1960puL 10uL 30pL
A3/AD3/AMP3/cAMP3 1960puL 15uL 25uL
A4/AD4/AMPA/cAMPA 1960puL 20pL 20pL
A5/AD5/AMP5/cAMP5 1960puL 25pulL 15puL
A6/AD6/AMP6/cAMP6 1960puL 30pL 1poL
A7/AD7/AMP7/cAMP7 1960uL 35uL SplL

A8/AD8/AMP8/cAMPS8 1960puL 40pL OplL




4A.Calibration Curves

Figures S.32-S.35 show the calibration curves of adenine, adenosine, AMP, and CAMP.
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Figure S.32. Calibration curve for Adenine (based on absorption at 260.5nm).
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Figure S.34. Calibration curve for Adenosine (based on absorption at 259.5 nm).
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4B. Adsorption Kinetics of Adenine, Adenosine, AMP, and cAMP on the Catalyst
Surface

Figures S.36 - S.39 show the averaged (n=3) adsorption kinetics of adenine, adenosine,
AMP, and cAMP on the catalyst surface at 27 <C. In all cases the amount of CePO4 was
105.2 mg.
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Figure S.36. Adsorption kinetics of adenine onCePO;, at 27 <C.
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Figure S.37. Adsorption kinetics of adenosine on CePO, at 27 <C.
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Figure S.38. Adsorption kinetics of AMP onCePOQ, at 27 <C.
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Table S.5 was prepared based on the results presented in figure S.31-S35. The surface
coverage 6 was calculated based on the moles of adsorbed species and the area of the
catalyst as calculated based on its specific surface area, while considering published

Figure S.39. Adsorption kinetics of CAMP on CePQO, at 27 <C.

data on the average area per molecule.

Table S.5. Calculated surface coverage in the adsorption measurements.

Area per molecule | ® (at 300 K)
(nm?)
Adenine 0.805 0.056
Adenosine 1.4 0.139
AMP 1.86 0.48
cCAMP 1.55 0.005

5. Change in Turbidity During the Reaction

The change in the absorption spectrum of the reaction solution was monitored along
the progression of the reaction in the four types of experiments. Here, 1 ml liquid was
centrifuged, with 800 | of the supernatant diluted in 800 | formamide prior to

measurement. The results are presented in Figures S.36- S.39.
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Figure S.40. The change in the absorption along the progression of the reaction in the presence
of CePO,at 170<C and under UV-irradiation, in a duplicate (grey - time 0, green and brown 4h,
yellow and cyan 7h, blue and orange 22h).
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Figure S. 41. The change in the absorption along the progression of the reaction without
catalyst at 170<C and under UV-irradiation, in duplicate (grey - time 0, green and brown 4h,
yellow and cyan 7h, blue and orange 22h)
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Figure S.42. The change in the absorption along the progression of the reaction formamide
without catalyst at 170<C and in the dark, in duplicate (grey - time 0, green and brown 4h,
yellow and cyan 7h, blue and orange 22h).
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Figure S.43. The change in the absorption along the progression of the reaction formamide in
the presence of CePOsat 170<C and in the dark, in duplicate (grey - time 0, green and brown
4h, yellow and cyan 7h, blue and orange 22h).



5. Comparison between extract masvaCMS and standardes.
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Figure S.44: A comparison between the LC-MS results of one of the samples (CePO4+

light + formamide) [A] and the LC-MS signal of the standards [B-F].



6. XPS Results
The surface of the CePO4 was measured by XPS prior to and after reaction.
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Figure S.45: XPS results and atomic percentage for: CePOs prior to reaction
(reference), CePO4 following reaction (and washing): after 48 hours under light and in
the dark and (S2, S3 respectively) and after 24 hours under light and in the dark (S4,
S5 respectively). In the inset table: the ratio between the atomic percentage of cerium
to that of phosphorous in the various samples.



Table S.6: Atomic concentrations of O, C, P, Ce, N as obtained by XPS measurements
prior to reaction (reference) and following reaction, at various conditions. The ratios
between the various elements are also given.

Sample name % Atomic % Atomic Ratio

O1s | C1s | P2p | Ce3d5 | N1s PiCe N/Ce N/P OlCe O/N
At% ratio At% ratio At% ratio At% ratio At% ratio

Prior to 5561213 (13596 0 1.41 0 0 579 -
reaction
CePO, after 450 )27.0 | 106 | 8.3 9.1 1.28 1.10 0.86 5.42 4.95
24hin

formamide
under dark
conditions
CePO, after 437 (292 |95 |74 10.2 1.28 1.37 1.08 5.90 4.28
48h in

formamide
under dark
conditions
CePO, after 51.7 126.0 [ 109 | 9.2 23 1.18 0.25 0.21 5.62 22.48
24hin

formamide
under UV
irradiation
CePO, after 47.0126.8 [ 11.2 | 8.7 6.3 1.29 0.72 0.56 5.40 7.46
48h in

formamide
under UV
irradiation




7. Additional Information
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Figure S.46 The various RNA/DNA building blocks discussed in this manuscript
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Figure S.47 All detected masses from a high-resolution direct-MS measurement of a
sample taken following 48 hours of reaction of formamide at 170<C in the presence of
CePO4 and under UV-irradiation.
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Figure S.48 The Total lons Current (TIC) signal of the LC-MS following 48 hours of
reaction of formamide at 170<T in the presence of CePOa4, under dark conditions.
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Figure S.49 The Total lons Current (TIC) signal of the LC-MS following 48 hours of
reaction of formamide at 170<C in the presence of CePO4 and under UV-irradiation.



