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The supplementary materials contains:
1. Total energies of the different isomers of deoxyribose (DFT/wB97x/cc-pVTZ).
2. Electronic structure analysis of the deoxyribose cation.
3. Calculation of the water elimination fragmentation channel.

4. Movie of a water elimination event.
5. Fragments observed in ab initio molecular dynamics (AIMD) calculations.

6. Calculated ionization spectra and photoionization efficiency curve.
7. Experimental details and photoionization efficiency curves of major fragments.

8. Optimized geometries of 2-deoxy-D-ribose.

1. Total energy of different isomers of deoxyribose (DFT/0B97x/cc-pVTZ)

Species Energy in Hartrees
Furanose -497.495019
o-Pyranose -497.507616
B-Pyranose -497.498693
Ribose -497.491261




2. Electronic structure of the a-pyranose cation.

Figure S1. (a) The structural differences between the cationic and neutral o pyranose form
of deoxyribose, in angstroms. (b) The distribution of the spin density (unpaired electron) in
the cationic a-pyranose.

The structural differences between the neutral and the cationic form of the deoxyribose are
shown in Fig. S1. We see that the major differences are: the C4-Cs bond elongation and the O-C;
bond contraction, followed by the Cs-O bond shortening. The spin density shows that there is
significant spin density on the ring O atom and oxygen bonded to C,, as well as the C4 and Cs
atoms. The distribution of the spin density is following the shape of the MO from which the
ionization occurs. This is consistent with Koopmans character of the ionized states revealed by

EOM-IP-CCSD amplitudes.
3. Water elimination fragmentation channel

The detailed picture of the energy and the free energy of the deoxyribose along the water
elimination channel is given in Fig. S2. We notice that water elimination occurs with opening up
of the pentose ring in the C4-Cs bond (which is 1.84 angstroms in the cationic species). The TS is
an open-chain deoxyribose, followed by water elimination. As expected for a fragmentation
process, the effect of entropy change during the reaction pathway is significant. This is seen from
the difference between the energy and free energy values along the reaction coordinate.
However, it should be noted that while the entropy contribution can be quantitatively evaluated
for the reactant, transition state, and product structures, the other points along the reaction

coordinate the computed entropic effects are of a qualitative value only.

Computational procedures:



@) AIMD/B3LYP/6-31+G* calculations at 300 K (Q-Chem) starting from a cation

structure that is slightly displaced along the most active normal modes.

(ii) Few snapshots are taken from the trajectories and optimized (wB97x/cc-pVTZ)
keeping the C4-Cs bond length fixed (in the first part of the trajectory, when the
pentose ring breaks).

(iii)  Few snapshots are taken from the trajectories and optimized (@B97x/cc-pVTZ)
keeping the C30-H bond length fixed (in the first part of the trajectory, where the H

abstraction occurs).
(iv)  Entropy calculated for each of the optimized geometry within RRHO approximation.

v) Energy and free energy of the optimized species are plotted.
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Figure S2: The free and potential energy values of the constrained optimized geometry of
deoxyribose along the water elimination channel. In the first part of the reaction
coordinate, the C4-Cs bond length is constrained, whereas in the second part, the O-H bond

of the C; is constrained.
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Figure S3: The C4-Cs and C;-OH bond lengths along the reaction coordinate. Snapshots
taken from AIMD simulation with the B3LYP functional and the 6-31+G(d) basis set.

Fig. S3 shows the change in the C4-Cs and C;-OH bond lengths along the reaction coordinate.

This explains the nature of the reaction coordinate. We notice that in the first part of the process
the only major change is in the C4-Cs bond length (where the bond breaks and ring unfurls). The
later part consists of change in C;-Oy and C30-H bond length (when the H abstraction and water

elimination occurs). The arrows in Fig. S3 show the direction of the trajectory.

To confirm the TS structure and reaction barrier, the TS was optimized without any constraints

(see Fig. S4).
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Figure S4: Energy and free energy calculated for the deoxyribose cation, m/z 116 fragment
+ H,O and the TS. The TS geometry is obtained by transition state optimization (with no
constraints) at the ©B97x/cc-PVTZ level of theory.

4. Movie of a water elimination event

The movie presents AIMD snapshots of a trajectory leading to H,O elimination. The trajectory is
computed using constant energy ensemble with initial kinetic energy of 300 K. The trajectories
are run for 4 ps with a 2 fs time step. The snapshots are taken each 100 fs for the first 2.5-3 ps.
The movie shows the major events in the reaction:

(i) C4-Cs bond elongation and breaking.

(i1) The pentose ring breaking and unfurling, C;-OH and Cs-OH are approaching each other.
(ii1) C30-H and C;-O bond elongation.

(iv) Water elimination by H abstraction from C; and OH abstraction from C;.
5. Fragments observed in AIMD calculations.
The dominant channel is water elimination leading to m/z=134 fragment:

CH,OH-CO-CH,-CH-O-CHo,.

The CH,O elimination produces m/z=104: CHOH-CH,-CHOH-CHOH.



The fragments with m/z=86, 60, and 44 are produced by secondary fragmentation of m/z=104

(formaldehyde elimination) and have the following chemical structures:
86: CHOH=CH-CH,-CH;

60: CHOH=CHOH (cis and trans isomers)

44: CH,=CH,OH

6. Calculated ionization spectra and photoionization efficiency curve.

Fig. S5 shows the assigned photoelectron spectrum and the integrated PIE curve. It should be
noted that the calculated PIE curve does not agree well with the experimental observation. The
main reason for this discrepancy could arise from the anharmonicity and the non-rigidity of the
pyranose framework. Note that computed difference between 00 transition and the apparent PIE

onset is about 0.05-0.1 eV.
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Figure SS5. The calculated ionization spectrum and the integrated PIE curve computed

within double-harmonic approximation using the ezSpectrum software.
7. Experimental details and photoionization efficiency curves of major fragments.

The experiment was performed on an effusive thermal desorption apparatus coupled to a 3 m
VUV monochromator on the Chemical Dynamics Beamline at the Advanced Light Source. We
placed the sample in a heated aluminum oven attached to the repeller plate of a commercial

reflectron mass spectrometer (R. M. Jordan) allowing vapors to pass through a Imm pinhole in
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the plate and reach the interaction region of the mass spectrometer. The effusive molecular
source was then interrogated by tunable, monochromatized synchrotron undulator VUV radiation
(see Fig. S6). The photoionization region was situated 5 mm from the oven pinhole. As the
synchrotron light is quasi-continuous (500 MHz), a start pulse for the TOF ion packet was
provided by pulsing the electrical fields of the ion optics. In general, the ion optics were biased
in such a fashion that all positive ions were accelerated away from the detector until the start
pulse occurred. Ion signals from the microchannel plate detector were amplified by pre-amplifier
(ORTEC VTI120A) and then collected with a multichannel-scalar card (FAST Comtec 7886).
Time-of-flight spectra were recorded for the photoionization energy range between 8 eV and 11
eV. The typical step size of the VUV photon energy used for these experiments was 50 meV, and
the data collection time at each of these energy steps was 60 s. The PIE curves of the parent
sample and its fragments (see Fig. S7) were obtained by adding all of the ion counts in the mass

peak at each photon energy, normalized by the photon flux. The synchrotron VUV photon flux

was measured by a Si photodiode (International Radiation Detectors, SXUV-100).
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Figure S6. A schematic diagram of the effusive source showing the oven attached to the

bottom of the first (repeller) plate of the time-of-flight mass spectrometer.



Figure S7. The PIE curves of major fragments in deoxyribose photoionization recorded
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8. Optimized geometries of 2-deoxy-D-ribose

A. Optimized geometry of pyranose a-deoxy-D-ribose
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. Optimized geometry of furanose deoxy-D-ribose

0.255410
-0.271463
0.141328
-0.422348
-0.392087
0.505138
-0.511841
-0.389841
0.825105
0.003415
-1.367765
0.114284
1.233901
-1.380301
0.107202
-1.449537
-1.221665
0.921905
0.316060

. Optimized geometry of pyranose -deoxy-D-ribose
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. Optimized geometry of cationic pyranose a-deoxy-D-ribose

Optimized geometry of transition state (m/z=116 pathway)
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F. Constrained optimized geometries along the pathway for water abstraction
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0.668886
-0.174379
-1.039441
-1.319434
0.223090
0.688194
1.743685
1.637336
0.853586
0.441270
-0.085654
-1.397766
-1.740668
0.880490

0.057029
-0.512057
0.432895
-0.089029
-0.495511
-0.645900
-1.483498
1.655406
1.456639
0.105804
-1.425832
-0.816815
0.330163
-0.970020

0.374490
1.099206
0.815240
-1.388783

-0.667742
-0.806198
-0.082747
-0.100314
0.387732
0.388305
0.398313
0.521585
-0.449755
-1.597974
-1.860533
-0.516842
0.397435
1.274038
-0.579190
1.349967
0.377079
-0.296220
-1.151070

0.116254
-0.276370
-0.122873
-0.080783

0.034449
-0.494190
-0.101349
-0.064161
-0.373574

1.201110

0.281597
-1.328478

0.821156
-0.555780

15



H
H
H
H
H

-3.511650
3.570517
-0.096527
-1.931262
3.229975

Og-H;7=1.5 A

TZITTITDITTTTZTOOOOMNONONON

1.166953
-0.200474
-1.304413
-2.723620

3.382286

2.138485
-2.729940
-1.067304

1.317530

1.264691
-0.443578
-0.180938
-3.182307

4.141413

3.409287
-3.630902

0.402484

2.088390
-3.224154

Og-H;=1.75 A

TIDTTTZTOOoOO00ONMNMONN

-1.089124
0.240654
1.361650
2.775095

-3.283368

-2.091638
2.752879
1.143473

-1.362610

-1.098046
0.503592
0.160155
3.278426

-0.390541
-1.837651
1.820002
1.971752
0.349590

0.068694
0.522978
-0.477446
0.009481
0.746287
0.814368
1.406521
-1.669517
-1.365247
-0.031296
1.464416
0.744792
-0.392069
1.265312
0.650002
1.733291
-1.817152
-1.825716
-0.462570

-0.051463
-0.486471
0.504764
-0.005450
-0.731164
-0.834643
-1.398365
1.682181
1.371611
0.146035
-1.443412
-0.679329
0.329800

1.111611
-0.130663
-0.199548
-0.002746
-0.944314

0.233252
-0.215173
0.032406
0.056369
0.267096
-0.322670
-0.006322
0.176108
-0.300212
1.317957
0.276817
-1.286758
0.966968
-0.293393
1.346698
-0.029246
-0.084517
0.061792
-0.798377

0.251762
-0.294168
-0.061079
-0.129957

0.520385

-0.165831
-0.277071

0.156307
-0.371284

1.326654

0.158561
-1.367815

0.783420
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T T T T T T

-4.092384
-3.223808
3.645918
-0.558936
-2.184158
3.251576

Og-H;7=2.0 A

TZITTITDITTTTZTOOOOMNMONONON

-1.103949
0.254632
1.289425
2.733251

-3.366145

-2.080155
2787375
0.976506

-1.511385

-1.285454
0.549676
0.279971
3.225491

-4.079105

-3.562343
3.698899
3.174300

-0.732370

-1.630408

-1.261746

-0.579036

-1.736463
1.927981
1.766838
0.505431

-0.457624
-0.673282
0.276506
-0.047936
-0.800002
-0.931703
-1.186014
1.229446

1.744752
-0.110443
-1.700399
-0.648430
-0.190594
-1.294099
-0.240945
-1.416856

0.839743
2.091748
2.268382

0.046894
1.592225
-0.360073
-0.166011
-0.040721
-0.975199

0.341863
-0.173641
0.418914
0.128839
0.082554
-0.328669
-0.690402
1.088218
0.052131
1.354238
0.083036
-1.264277
1.097362
-0.552877
0.985113
-0.875242
-0.336612
0.508411
-0.744405
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