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Section S1: Photon-order Measurements for the Strong-field Photodetachment of the
Phenylalaninate Anion in Aqueous Solution
A power-dependence measurement is performed to determine the photon order of the strong-
field photodetachment process of the phenylalaninate anion in aqueous solution. For an N-
photon photodetachment process, the differential absorption signal, AA, scales with intensity
of the ionizing pump, I, as AA o« IN. The photon-order measurements are performed by using
a UV probe, which measures the absorption of the radical at a pump-probe time delay of 1 ps
and at a probe wavelength of ~308 nm, corresponding to the maximum absorption of the Phee
radical. Hence, the absorption signal observed is proportional to the photodetachment yield.

To determine the photon order of the photodetachment process accurately, one must
consider that electrons can originate from both the phenylalaninate and hydroxide anions
during the photodetachment of the alkaline phenylalaninate solution. To account for the
contribution from the photodetachment of hydroxide anions, we record the AA spectrum
against the pump intensity for both the aqueous phenylalaninate and aqueous sodium hydroxide
solutions under similar experimental conditions. The difference AA spectrum, i.e., the AAA
spectrum, is then obtained, which in principle corresponds to solely the AA signal from the
photodetachment of phenylalaninate anion, shown in Fig. 3 of the main text. The AAA signal
is fit to the function

AMA = alV/[1+ (1/I)V], (1)

where « is the amplitude, N is the photon order and I is the saturation intensity. The best fit
when N = 3 yields a = (9.80 = 0.46) x 10*' cm® W= and I, = (1.15 £ 0.02) x 10" W cm™.
The value of N indicates that the photodetachment of phenylalaninate anion in aqueous

environment occurs via a three-photon resonant enhancement process.



Section S2: Time-Dependent Density Functional Theory Calculations

We employ time-dependent density functional theory (TD-DFT), as implemented in the
GAUSSIAN 16 program, to calculate the electronically excited states and the vertical
excitation energies of the isolated phenylalaninate anion and microhydrated phenylalaninate
anion Phe(H20)10". Geometry optimization of the isolated and microhydrated phenylalaninate
anion is performed by using B3LYP/6-311G++(d,p). The geometry is then used in the TD-DFT
calculations of the excited states. For the isolated phenylalaninate anion, the calculations
identify two excited states (labelled #13 and #14) that are located 5.8 eV above the ground state
and whose one-photon transition from the ground state bears significant oscillator strength.
Information on the molecular orbitals that comprise each electronically excited state, along
with their configuration interaction expansion coefficients, are given below. Note that the
orbitals labelled 43 and 44 are the HOMO-1 and HOMO of the phenylalaninate anion, shown

in Fig. 8 of the main text.

Excited State 13: Singlet-A 5.7869 eV 214.25 nm f=0.0446
43 - 47 0.13847
43 - 48 0.19898
43 - 49 0.17094
43 - 50 0.13377
43 - 53 -0.21341
43 - 54 -0.19169
44 - 49 0.13867
44 - 50 0.35004
44 - 51 -0.21800
44 - 53 0.21867
44 - 54 0.12298

Excited State 14: Singlet-A 5.8302 eV 212.66 nm £=0.0249
43 - 47 0.28293
43 - 48 0.40151
43 - 50 0.14062
43 - 53 -0.10366
43 - 54 -0.10163
44 - 49 -0.13654
44 - 50 -0.14467
44 - 51 0.24322
44 - 53 -0.22775
44 - 54 -0.13815



For the microhyrated phenylalaninate anion Phe(H20)i0, the calculations identified four
excited states (labelled #8 to #11) that are located 5.8 eV above the ground state, where excited
state #9 and #10 bear the largest oscillator strength. Note that the orbitals labelled 93 and 94

are the HOMO-1 and HOMO of the microhyrated phenylalaninate anion.

Excited State 8: Singlet-A 5.7292 ev 216.41 nm £=0.0038
91 - 95 -0.10117
93 - 95 0.66478
93 - 100 0.10434
Excited State 9: Singlet-A 5.8024 ev 213.68 nm £=0.0199
94 - 100 0.60595
94 - 101 0.23865
94 - 102 -0.11948
94 - 103 0.12781
Excited State 10: Singlet-A 5.8701 ev 211.21 nm £=0.0252
91 - 95 -0.12378
92 - 95 0.11160
92 - 96 -0.27994
92 - 97 -0.16477
92 - 98 -0.17985
93 - 96 0.41906
93 - 97 -0.15469
93 - 98 -0.33356
Excited State 11: Singlet-A 5.8905 ev 210.48 nm £=0.0095
91 - 95 0.66262
93 - 96 0.10494



(a) (b)

1.0 4 1.0 4
E- 0.8 4 £ 0.8 4
5 1 5] 1
£ 084 £ 06 4
= 1 z 1
E 0.4 E 0.4
£ ) £ )
0.2 1 0.2 4
00 T T T T T T T T T T 0.0 T T T T T T T T T
500 550 600 650 700 750 280 300 320 340 360 380
Wavelength / nm Wavelength / nm

Fig. S1 (a) The visible-NIR ionizing pump spectrum ranges from 530 nm to 750 nm, with a

center wavelength of 642 nm. (b) The broadband UV probe spectrum ranges from 290 nm to

360 nm.
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Fig. S2 (a) A second-order interferometric auto-correlation trace of the visible-NIR ionizing
pump spectrum, measured in a 10-um-thick, 8 = 37.0 deg Type I BBO crystal, reveals a pulse
duration with full-width half-maximum (FWHM) of 5.6 fs. (b) The visible-NIR pump — UV
probe cross-correlation, measured via difference frequency mixing in a 10-um-thick, 6 = 37.0

deg Type I BBO crystal, reveals a FWHM of 24 fs.
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Fig. S3. (a) Spectrum of the pump beam reflected from the liquid water microjet target,
revealing modulations due to spectral interferometry. (b) Normalized FFT spectrum of the
spectral modulation, showing a time delay of ~107 fs between the front- and back reflections
of the liquid microjet. Given the group index of 1.357 at 640-nm wavelength for liquid water,

the thickness of the microjet is determined to be 12 gm. From the ~10-fs width of the peak, the

uncertainty in the thickness of the liquid microjet is estimated to be ~1 zm.
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Fig. S4 (a) The wavelength-dependent offset values, AA,(1), obtained from the global fitting
of photodetached aqueous phenylalaninate anion (in red) after taking the difference between
the offset spectra of the aqueous phenylalaninate anion and aqueous sodium hydroxide. The
residual vertical offset at long wavelength is most likely due to the absorption of the hydrated
electron (in blue, dashed line). (b) Second-derivative spectrum of the molar extinction
spectrum of the aqueous phenylalanine radical (Fig. 5b of the main text), showing the locations
of the main peak and the vibronic bands. (¢) A linear fit to the transition energies of the vibronic

bands reveals a spacing of 482 + 15 cm™! for the vibronic progression.



Fig. S5. The equilibrium geometry of (a) the phenylalanine radical and (b) the microhydrated
phenylalanine radical, Phe(H20)4¢. The microhydrated species includes the carboxyl (—-CO2)
and amino (—NH2) groups of the phenylalanine radical each hydrogen-bonded to two water
molecules. The carbon, hydrogen, oxygen and nitrogen atoms are in gray, white, red and blue,

respectively.
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Fig. S6 Classical trajectory calculations performed using the potential energy curve calculated
for the isolated Phee radical reveal a duration of 214 fs for the C1-C2 bond to extend from the

Franck-Condon region (1.557 A) to 5.00 A.



Table S1. Experimental FFT power, time-domain analysis results, and calculated frequencies

of the phenylalanine radical in aqueous solution and their assignments. The calculated

frequencies are based on the equilibrium geometry of the microhydrated phenylalanine radical,

Phe(H20)10°. The numbered assignments denote the benzene ring modes in the Wilson

notation'?.
Experimental
Calc.
(cm™) Freq. Amplitude  Dephasing Phase (em™)
(cm™) (meV) Time (ps) (m-rad)
486 479 +2 0.98+0.15 0.64+0.12 0.88+0.05 515 16b
750 736 £ 6 398+1.12 0.17+£0.03 1.00 £ 0.08 759 11
776 805+ 6 0.52+0.29 0.50+0.28 1.18+0.18 770 NH2 wag
1003 1004 + 1 423 +0.07 547 +0.73 1.76 + 0.01 1015 12
1032 1031 +1 1.46 £ 0.08 2.83+0.68 1.79 +0.02 1048 19a
1208 1208 + 1 2.48+0.13 098 +0.11 1.83 +£0.02 1223 Chain CH2 wag
1 (19a, 12, 7a,
1282 1269 + 5 0.54+0.18 0.71 +£0.41 1.95+0.15 1298
20a, 8a, 12, 6a)*
hain CH
1319 132045  036+0.16 087+071 0284016 1351  ChainCH2wag
/ NHa2 twist
1601 1604 + 2 0.30+0.07 2.09+1.41 0.69 + 0.07 1640 9a / NH2 wag
Overtone of
2005 1971 +22 1.61+1.22 0.13+0.07 0.58+0.24 - N
1003 cm
1555 1555+ 1 0.80+0.05 7.37 +3.21 1.81 £0.01 Oxygen
2327 2329 +1 090+0.06 1538+8.04 0.96=+0.01 Nitrogen

*Numbers in parentheses refers to minor contributions of phenyl vibrational modes to the main

vibrational mode, in descending order of importance.
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Table S2. Density functional theory (DFT)-calculated vibrational frequencies of the
microhydrated 2-phenylethanamine and microhydrated phenylalanine radicals in an aqueous
environment. The assignment of atoms and vibrational modes are based on the equilibrium
geometries of the microhydrated phenylalanine radical, Phe(H20)4, as shown in Fig. S5b. The

numbered assignments denote the benzene ring modes in the Wilson notation.!?

Frequency / cm™!

Microhydrated.Z- Phell\l/;llcaliglllg:er 2l‘:;((ilical Assignment
phenylethanamine [Phe(H:0).]

1 59 67 CO2 rock / 2-phenylethanamine
rock

2 124 94 CO2 twist

3 151 167 NH: twist / CHz twist / CH wag

4 220 344 CH: rock

5 286 319 16b

6 355 368 NH: twist / CHz rock

7 339 344 CH:2 Rock

8 415 415 16a

9 503 512 16b

10 604 610 Ring deformation

11 647 651 COz2 bend / NH2 twist

12 634 634 6b

13 757 755 NH:2 wag

14 711 712 11

15 762 761 11

16 833 837 6a

17 857 859 10a

18 924 902 17b

19 927 939 10b

20 993 975 NH: twist / 17b

21 987 993 17a

22 1006 1010 5

23 1015 1015 12
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24 1046 1048 19a

25 1092 1105 19b

26 1151 1165 NH: rock / CHz twist
27 1173 1176 8b

28 1194 1199 14, 8b

29 1208 1234 NH2 twist / CHz twist
30 1218 1221 CH2 wag

31 1243 1299 1 (19a, 12, 7a, 20a, 8a, 12, 6a)*
32 1335 1332 15

33 1345 1354 CH2 wag / NH2 twist
34 1355 1367 3

35 1438 1458 CHa rock / CH rock
36 1474 1467 CH:2 symmetric bend
37 1478 1482 18b

38 1522 1525 18a

39 1616 1619 9b

40 1636 1640 9a / NH2 wag

41 1669 1682 9a / NH2 wag

42 2908 3017 CH2 symmetric stretch
43 3002 3088 CH:2 asymmetric stretch
44 3139 3139 CH stretch

45 3154 3157 13

46 3156 3164 7b

47 3167 3172 20a (7a, 2, 13)*

48 3174 3180 20b

49 3186 3189 2

50 3453 3357 NH:2 symmetric stretch
51 3550 3468 NH:2 asymmetric stretch

*Numbers in parentheses refers to minor contributions of phenyl vibrational modes to the main

vibrational mode, in descending order of importance.
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