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Table S1. Relative energies (in kcal/mol) of stationary points, relative to the energy of isolated reactants R1& R2 (i.e. trans- & cis-isomer without
water)? and R3 (including a single-water molecule)® along various pathways depicted in Figures 2-6, at the ZPE corrected M06-2X/6-311++G(d,p),
BHandHLYP/6-311++G(d,p) and CCSD(T)/6-311++G(d,p)//BHandHLYP/6-311++G(d,p) levels of the theory. The BSSE corrected and ZPE
scaled energies are also compared. The transition state represented as TSz connects the pre-reaction complex PRCn to the product complex PCr.
The values in square brackets are at ROCCSD(T)/6311++G(d,p)/BHandHLYP/6-311++G(d,p) level of the theory.

Species MO06-2X BHandHLYP/ CCSD(T)/6311++G(d,p)// CCSD(T)/6311++G(d,p)// CCSD(T)/6-311++G(d,p)//
/6-311++G 6-311++G(d,p) BHandHLYP/ BHandHLYP/ BHandHLYP/

(d,p) +ZPE (ZPE) 6-311++G(d,p)+ZPE 6-311++G(d,p)+ZPE 6-311++G(d,p)+

+(BSSE)® (ZPE x 0.9540)¢

PRC1 —-4.58 -3.45 -3.26 —1.84(1.42) -3.33 (1.50)
PRC2 -4.39 -3.07 -2.32 —0.68 (1.64) -2.37(1.14)
PRC3 -8.09 -5.02 —4.08 —2.57 (1.51) —4.18 (1.79)
PRC4 -4.39 -3.89 -3.33 —-1.95 (1.38) -3.41 (1.80)
PRC5 -5.40 -4.39 -1.00 0.87(1.87) —-1.10 (1.85)
TS1 —2.89 0.06 -2.51 2.33 (4.84) —2.45(-1.02)
TS2 -3.45 0.00 -2.45 2.30 (4.75) —2.45(0.19)
TS3 -0.56 2.07 -0.19 4.64 (4.83) —0.14 (-1.15)
TS4 —-0.56 3.39 0.38 5.52 (5.15) 0.44 (-1.19)
TS5 0.69 7.09 5.02 11.95(6.93) 5.09(-1.63)
PC1 -31.94 -25.10 -30.12 —28.28 (1.84) -30.22 (2.27)
PC2 -35.89 —28.74 -33.63 -31.51(2.12) -33.74 (2.34)
PC3 —42.48 -36.77 -37.71 [23.26] -36.52 (1.19) —37.83 (2.26)
PC4 -41.85 -36.27 —36.21 [24.66] —34.76 (1.44) -36.32(2.52)
PC5 -13.05 -11.23 -11.99 —10.13 (1.86) —-12.02 (0.59)
BC6 -2.20 -1.63 —-1.88 —0.38 (1.50) -1.98 (1.47)
BC7 —4.58 -2.76 -3.95 -1.58 (2.37) —4.09 (2.25)
BCS8 -5.15 —4.14 -4.71 —2.78 (1.93) —4.83 (1.95)
BC9 -3.01 -3.20 -3.51 —-1.45 (2.06) -3.60 (1.29)
BC10 -2.95 -2.26 —2.38 —0.92 (1.46) -2.48 (1.41)
PRC6 -13.49 -11.42 -11.30 —6.67 (4.63) —-11.53 (4.41)
PRC7 -14.06 -11.23 —-11.04 —6.75 (4.29) -11.27 (4.17)
PRC8 -13.55 -12.05 -10.73 —6.35 (4.38) -10.96 (4.17)
PRC9 -11.30 -9.98 —9.66 —5.56 (4.10) -9.87 (3.81)
PRC10 -10.92 -9.85 -8.09 -4.32 (3.77) -8.29 (3.57)
TS6¢ -5.84 1.82 - - -
TS7 -9.60 -5.46 —-7.40 —-0.39 (7.01) -7.56 (2.67)
TS8 -7.72 -1.32 —6.21 1.16 (7.37) —6.31 (1.41)
TS9 -7.03 -3.58 -4.13 3.83 (7.96) -4.25(1.77)
TS10 -7.97 -3.45 —4.77 [-4.89] 3.72 (8.49) —4.84 (0.93)
PC6 -24.10 -21.90 -21.84 —-17.31 (4.53) —22.02 (3.33)
PC7 —-41.60 -33.70 -37.78 -33.97(4.81) —39.02 (4.53)
PC8 —38.28 -32.07 -37.15 -26.01(11.14) —-37.39 (4.59)
PC9 —-48.95 —43.30 —43.49 [29.62] -39.59 (3.90) —43.70 (3.99)
PC10 -51.02 —43.05 —44.11 [28.99] —39.58 (4.53) —44.37 (4.83)
P1 —26.73 -21.65 -25.98 —25.98 —-25.99 (0.43)
P2 —-38.84 -33.89 —34.51 —34.51 —34.57 (0.89)
P3 -35.20 -31.06 -31.06 -31.06 —31.08 (0.55)
P4 —7.66 —-8.09 -5.33 -5.33 —-5.26 (—-1.69)
P5 -10.10 -4.89 -5.46 -5.46 -5.50(0.71)
P6 —24.03 -19.26 —23.85 —23.85 —23.86 (0.05)
P7 —25.85 -20.90 -25.16 -25.16 —25.18(0.17)
P8 -32.51 —28.68 —28.99 —28.99 —29.01 (0.17)

aTotal energies including (ZPE) of isolated reactants R1, at M06-2X/6-311++G(d,p), BHandHLYP/6-311++G(d,p) and CCSD(T)/6-311++G(d,p)//BHandHLYP/6-
311++G(d,p) levels of the theory, are —304.6722 (0.0699), —304.6431(0.0715) and —304.1866,( 0.0715) respectively. For R2, the corresponding values are —304.6765
(0.0707), —304.6469 (0.0721) and —304.1900 (0.0721) a.u., respectively and for R3, these are —381.0758 (0.0923), —381.0392 (0.0943) and —380.4735 (0.0943) a.u.,
respectively. (1 a.u.= 627.5095kcal/mol).

®Value of BSSE correction is given in the parenthesis,

¢Single-point energy of TS6 could not be computed at the CCSD(T)/6-311++G(d,p)/BHandHLYP/6-311++G(d,p) level of the theory,

4 Scale factor*®



Table S2. Relative zero-point energy (ZPE) (in kcal/mol) of stationary points, relative to the ZPE of isolated reactants R1&
R2 (i.e. trans- & cis-isomer without water)? and R3 (including a single-water molecule)?® along various pathways depicted in
Figures 2-6 (of the article), at the BHandHLYP/6-311++G(d,p) and M06-2X/6-311++G(d,p) levels of the theory, and
relative energy® at the BHandHLYP/6-31G levels of the theory. The <S>> values for open-shell systems are also given at the
BHandHLYP/6-31G, BHandHLYP/6-311++G(d,p) and CCSD(T)/6311++G(d,p)//BHandHLYP/6-311++G(d,p) levels of
theory.

ZPE AE/ <S>
Species BHandHLYP/ MO06-2X BHandHLYP BHandHLYP  BHandHLYP/ CCSD(T)/6311++G(d,p)//
6-311++G(d,p)  /6-311++G /6-31G /6-31G 6-311++G(d,p) BHandHLYP/6-
(d,p) 311++G(d,p)
PRCI 1.57 1.82 7.84 0.7537 0.7530 0.7554
PRC2 1.19 1.26 -5.42 0.7527 0.7555 0.7562
PRC3 1.88 1.88 -7.72 0.7519 0.7532 0.7554
PRC4 1.88 2.07 -7.23 0.7518 0.7530 0.7554
PRC5 1.95 1.51 -9.04 0.7521 0.7537 0.7558
TS1 -1.07 —-0.06 1.19 0.762 0.7645 0.779
TS2 0.19 0.50 —6.98 0.7626 0.7648 0.7718
TS3 -1.19 —-0.63 2.25 0.7739 0.7733 0.7862
TS4 -1.26 —-0.50 4.54 0.7706 0.7708 0.7897
TS5 -1.69 -1.63 1.69 0.7664 0.7674 0.7976
PC1 2.38 2.57 -15.44 0.7546 0.7557 0.7631
PC2 2.45 2.57 -20.41 0.7540 0.7554 0.7624
PC3 2.38 2.45 -32.63 0.7910 0.7842 0.8577
PC4 2.64 2.95 -32.58 0.7900 0.7846 0.8618
PC5 0.63 1.44 —-12.11 0.7533 0.7546 0.7587
BC6 1.57 1.69 -6.15 - - -
BC7 2.38 2.32 -12.05 - - -
BCS8 2.07 2.20 -8.03 - - -
BC9 1.38 1.57 -8.16 - - -
BC10 1.51 1.69 -6.84 - - -
PRC6 4.64 4.52 -23.59 0.7520 0.7532 0.7787
PRC7 4.39 3.83 -22.40 0.7542 0.7531 0.7557
PRC8 4.39 4.14 -22.40 0.7546 0.7530 0.7556
PRC9 3.89 3.95 -22.21 0.7842 0.7531 0.7773
PRC10 3.77 3.89 -20.65 0.7843 0.7531 0.7556
TS6 0.56 0.63 -10.35 0.7673 0.7695 -
TS7 2.82 2.95 -13.11 0.7636 0.7629 0.7653
TS8 1.51 2.26 -6.71 0.7719 0.7673 0.7837
TS9 1.88 2.32 -11.42 0.7693 0.7665 0.799
TS10 1.00 1.19 -10.35 0.7743 0.7688 0.8305
PCo6 3.51 3.26 -31.06 0.7535 0.7553 0.7594
PC7 4.77 4.71 -33.01 0.7542 0.7556 0.7622
PC8 4.83 4.77 -30.69 0.7548 0.7555 0.7622
PC9 4.20 4.71 —46.50 0.7931 0.7800 0.8513
PCI10 5.08 5.40 —47.75 0.7845 0.7800 0.8518

2 The zero-point energy (ZPE) of R1, R2 and R3 at BHandHLYP/6-311++G(d,p) level of theory are 0.0715, 0.0721and 0.0943
respectively. The respective values at M06-2X/6-311++G(d,p) are 0.0699, 0.0707 and 0.0923.

b Total energies including (ZPE) of isolated reactants R1, R2 and R3 at BHandHLYP/6-31G level of the theory, are
—304.4249 (0.0713), —304.4277 (0.0718) and —380.7503 (0.0933) a.u., respectively. (1 a.u.= 627.5095kcal/mol).



Table S3. Gibbs free-energy change (AG), in kcal/mol, along various pathways depicted in Figures 2—6 (of
the article) at the DFT/BHandHLYP/6-311++G(d,p) level of the theory. The AG between the pre-reactant
complexes (PRCs) and the transition states (TSs) represents free-energy of activation: AEx = Grs— Gpre.
The values in parentheses correspond to net Gibbs free-energy change along the respective pathway.

AG or AE, (in kcal/mol)

Pathway T (K) 10 100 200  298.15 500
. RI-PRCI 339 151 1.13 3.83 7.29
PRCI-TSI 3.51 3.64 3.89 4.08 452
TS1-PCI 2523 2548 2610  -26.86 28.74
(=25.11)  (=2335) (=21.08)  (~18.95) (-16.93)

PRCI-PC1 2171 —2184  -2221  -22.78 2422
2: RI-PRC2 301 132 0.82 2.82 6.65
PRC2-TS2 3.07 3.58 452 5.71 8.47
TS2-PC2 2880  -29.05  -29.68  -30.56 32,69
(<28.74)  (<26.79) (=2434)  (=22.03) (=17.57)

PRC2-PC2 2567  -2548 2516  —24.85 2422
3: R2-PRC3 452 251 0.31 3.14 9.10
PRC3-TS3 6.65 6.71 6.67 6.59 6.34
TS3-PC3 3884  -39.09 3953  —40.10 _41.61
(=36.71)  (=34.89) (=32.55)  (=30.37) (=26.17)

PRC3-PC3 23219 -3238 3286  -33.5I 3527
4: RI-PRCA4 339 157 0.82 3.20 7.97
PRCA-TS4 6.84 7.09 7.66 8.28 9.60
TS4-PC4 23972 -39.66  -39.60  -39.53 3948
(=3627)  (=34.14) (=31.12)  (=28.05) (=21.91)

PRC4-PC4 3288 -3257 3194  -3125 229,88
5. R2-PRCS 132 0.69 3.33 3.33 11.04
PRC5-TS5 10.60 10.86 11.44 12.30 13.87
TS5-PC5 22046  -2090  -2190  -20.77 22623
(-1124)  (=935) (=7.13)  (=5.15) (-1.32)

PRC5-PC5 985  —10.04  —-1046  —11.04 ~12.36
6: R3-BC6 157 0.38 2.89 5.15 9.60
BC6-PRC6 628 395 —0.94 ~0.63 8.79
PRC6-TS6 9.85 10.04 10.54 13.99 12.42
TS6-PC6 2375  -2397 2454  —2529 2705
(=21.90)  (=17.5) (=12.05)  (=6.77) (3.76)

PRC6-PC6 1393 —1393  —13.99  —14.18 _14.62

Table 3 continued.....



Pathway

AG or AE, (kcal/mol)

T (K) 10 100 200  298.15 500
7. R3-BC7 ~2.70 ~0.50 2.32 5.02 10.42
BC7-PRC7 ~8.41 -6.28 -3.51 ~0.69 4.96
PRC7-TS7 5.84 5.85 6.11 6.40 7.22

TS7-PC7 ~28.30 2844  -—28.83  —29.42 ~30.94
(-33.70)  (=29.37) (-23.91)  (~18.69) (-8.34)

PRC7-PC7 ~22.46 2259 2272 -23.02 —23.72
8: R3-BC8 ~4.08 ~2.07 0.56 3.07 8.03
BC8-PRCS ~6.59 ~4.64 —2.13 ~0.06 5.71
PRCS-TS8 9.54 9.98 10.67 11.92 12.86
TS8-PC8 ~30.75 ~31.00  -31.50  -32.19 ~33.76
(-32.06)  (=27.73)  (-22.4)  (~17.26) (~7.16)

PRCS-PC8 2121 21.02  -20.83  -21.02 ~20.90
9: R3-BCY -3.14 ~1.26 0.94 2.95 6.84
BC9-PRCY ~3.45 ~1.51 1.26 1.69 9.66
PRCY-TS9 3.20 3.77 471 8.16 8.35
TS9-PCY ~39.72 ~40.10  -4098  —42.11 —44.87
(-4329)  (=39.1) (=34.07)  (=29.3) (~20.02)

PRC9-PC9 -36.58 3633 -3627  -36.27 ~36.52
10: R3-BCI10 ~2.20 ~0.25 2.20 4.46 8.85
BC10-PRC10 ~8.47 -4.58 ~2.20 ~0.19 5.15
PRC10-TS10 9.54 6.02 7.15 8.47 11.17
TS10-PC10 ~30.75 ~39.72  -39.97  -40.41 ~41.48
(-43.05)  (-38.53) (-32.82)  (-27.30) (~16.32)

PRC10-PC10 ~34.32 ~33.70  -32.82  —32.00 ~30.31




Table S4. . Spin density distribution, in the atomic units of electronic charge (e), determined from NBO analysis at each atomic centre of
pre-reaction complexes and transition states involved in the hydrogen abstraction reaction of Glycoaldehyde with OH, in the presence and
absence of a single-water molecule, at the BHandHLYP/6-311++G(d,p) level of theory.

Species Cl H2 H3 C4 H5 06 07 H8 09 H10 HI11 012 H13
PRCI  0.0000 0.0000 0.0000 —0.0010  0.0009 —0.0008 0.0006 —0.0001 ~1.0240  0.0242
TSI —0.0415 -0.0022 -0.0022 -02126  0.0545 —0.1127 —0.0007 —0.0001 ~0.7009  0.0183
PRC2  —0.0040  0.0002 -0.0009 -0.0142  0.0074 —0.0191 —0.0030  0.0004 % ~0.9921  0.0253
TS2  —0.0411 -0.0049 -0.0003 -0.1476  0.0379 —0.1310 —0.0045 —0.0001 ~0.7278  0.0194
PRC3  0.0000 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 9 ~1.0246  0.0238
TS3  —0.2699  0.0659 0.0062 0.0311 -0.0003 -0.0664 —0.0564  0.0008 d ~0.7303  0.0192
PRC4  —0.0022  0.0001  0.0014  0.0001 —0.0001 —0.0002 —0.0005  0.0000 ~1.0228  0.0241
TS4 03312 00118 00675 00294 -00096 00482 -0.0578 —0.0002 | Ao i o | =0.6797  0.0179
PRCS 00003 00001 -0.0009 0.0008 -0.0002 -0.0032 -0.0186  0.0073 | density distribution analysis. | ~1-0097 ~ 0.0240
TS5 0.0232 -0.0013 -0.0225 -0.0019 -0.0013 —0.0099 —0.4868  0.0689 ~0.5848  0.0163
PRC6  0.0000 0.0003  0.0001  0.0004 0.0000 -0.0005 -0.0161  0.0058  0.0008 -0.0001  0.0000 -1.0135  0.0228
TS6  0.0197 -0.0227 -0.0035 -0.0054 -0.0002 —-0.0025 -0.4642  0.0687  0.0004  0.0000  0.0000 —0.6052  0.0149
PRC7 ~ —0.0005 0.0000  0.0003  0.0006  0.0000  0.0000 —0.0002  0.0000  0.0009  0.0001  0.0017 -1.0267  0.0239
TS7  —0.0386 -0.0027 -0.0026 -0.1121  0.0330 —0.0957 —0.0041 —0.0001  0.0013  0.0002  0.0005 —0.8003  0.0212
PRC8  —-0.0074  0.0001  0.0043  0.0007  0.0000 —-0.0013 —0.0004 —0.0001  0.0007 -0.0001  0.0000 -1.0199  0.0233
TS8  —0.0381  0.0009 0.0023 -0.2288  0.0534 —0.1126 —0.0128 —0.0007  0.0002  0.0001  0.0000 —0.6814  0.0176
PRCY9  —0.0001  0.0000  0.0000  0.0000  0.0000  0.0000  0.0001  0.0000 -0.0110  0.0046 —0.0003 —-1.0170  0.0236
TS9  —0.2275 0.0043 0.0510 0.0362 -0.0042 -0.0577 —0.0651  0.0005  0.0006  0.0004  0.0001 —0.7588  0.0201
PRCI0  —0.0072  0.0003  0.0042  0.0006 —0.0002 -0.0008 —-0.0011 —0.0001  0.0008  0.0000  0.0000 -1.0195  0.0232
TSI0O 03170  0.0104 0.0756  0.0403 —0.0034 —-0.0703 —0.0556  0.0002  0.0006  0.0002  0.0000 —0.6977  0.0167




[ trans-CH,(OH)CHO + "OH |

R1 (0.0)

Path 12

Path 13

PC12 (-16.55)

Figure S2. Addition pathways for the reaction of Glycolaldehyde with OH radical in the absence of
water, Path 12: resulting in the formation of the oxy radical PC12; Path 13: leading to the formic
acid and the hydroxyl methyl radical ( PC13). The geometries, with bond lengths depicted in
angstroms, are optimized at the level of BHandHLYP/6-311++G(d,p) level of the theory. The
numerical values, in parentheses, respectively represent the relative energy change, in kcal/mol,
with respect to the isolated reactants R1, at BHandHLYP/6-311++G(d,p) level of the theory, Path
14: leading to the peroxy radical (PC15), and path 14 leading to the oxy radical species containing

peroxy linkage (PC15).

-~

PC13(-30.93)



Figure S2 continued..........

[ trans-CH,(OH)CHO + *OH |
R3 (0.0)

Path 15 | | Path 14
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(30.46)
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mo 5 OH
HO-C —C-H + OH — > |HO-C—C-H ——  H,c-0-CH
S OH OH
Glycolaldehyde Hydr.oxyl Intermediate species PRCI2 or PRCI3
radical

A /

Figure S3. A schematic mechanism for the formation of species of type PRC12 or PRC13 by the
reaction of Glycolaldehde with hydroxyl radical via the oxy radical intermediate species.
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Table S5. Calculated rate constants (in c¢cm?® molecule! s ), without taking tunneling corrections into
account for water-free pathway 2 in the temperature range 200K-500K at the CCSD(T)/6-
311++G(d,p)//BHandHLYP/6-311++G(d,p) (BSSE uncorrected) level of the theory and comparison with
ki reported in Ref. 12.

Temperature(K) ky ki Temperature(K) k, ki
200 7.28 x 10711 2.56 x 101 340 5.34x 10712 2.12x 10712
220 3.99x 101 1.47 x 101 350 4.85x 1012 1.92 x 1012
240 2.44 x 101 9.24 x 10! 360 444 x 10712 1.76 x 1012
260 1.61x 10! 6.25x 1012 370 4.09x 10712 1.60 x 10712
270 1.34 x 101! 526 x 10712 380 3.77 x 10712 1.49 x 1012
280 1.14 x 101 448 x 1012 390 2.80 x 1012 1.38 x 1012
290 9.79 x 1012 3.87x 1012 400 3.28 x 1012 1.28 x 1012

298.15 8.70 x 1012 3.46x 10712 420 2.91x 1012 1.12x 1012
300 8.48 x 1012 3.37x 1012 440 2.61 x 10712 1.00 x 1012
310 7.48 x 1012 2.97 x 1012 460 2.38x 10712 9.01 x 1013
320 6.63 x 1012 2.64 x 10712 480 2.19x 1012 8.19x 1013
330 5.93 x 1012 2.35x 10712 500 2.05x 1012 7.51 x 10713

Table S6. Calculated rate constant (in cm?® molecule! s ), without taking tunneling corrections into
account for water-free pathway 5 in the temperature range 200K-500K at the CCSD(T)/6-
311++G(d,p)//BHandHLYP/6-311++G(d,p) (BSSE uncorrected) level of the theory and comparison with
ki reported in Ref. 12.

Temperature(K) £s ki Temperature(K)  £s kit

200 3.84x 10" 1.5x 1018 340 7.27 x 1077 1.63 x 10716
220 1.19x 1018 4.13x 1018 350 9.08 x 1017 1.99 x 1016
240 3.09x 1018 9.65x 10718 360 1.12x 1016 2.42 x 1016
260 6.96 x 1018 2.00 x 1017 370 1.39 x 1016 2.91 x 1016
270 1.01 x 10°17 2.75x 107 380 1.68 x 1016 3.44x 1016
280 1.40 x 10°V7 3.73 x 1077 390 2.03 x 10716 4.08 x 1016
290 1.93 x 107 4.95x 10" 400 2.41x 1016 4.80 x 1016
298.15 2.47 x 1077 6.18 x 107 420 3.37x 1016 6.47 x 1016
300 2.60 x 1017 6.46 x 107 440 4.58 x 1016 8.56x 10°1°
310 343 x 10" 8.33x 10°"7 460 6.08 x 1016 1.11 x 10°13
320 448 x 1077 1.05 x 1016 480 1.68 x 1013 1.40 x 10°13
330 5.75x 10717 1.31 x 1016 500 2.26x 1015 1.76 x 1015
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Table S7. Enthalpy (AH) and entropy (AS) change in terms of AH and —TAS respectively, in kcal/mol, at
temperature (T) 298K, at the BHandHLYP/6-311++G(d,p) level of the theory for various pathways
obtained.

Pathway AH -TAS Pathway AH -TAS
R1/PRC1 —4.27 8.10 PC1/P1 3.70 -6.97
R1/PRC2 -3.07 5.89 PC2/P1 7.34 —7.58
R2/PRC3 -5.46 6.31 PC3/P2 2.89 —6.88
R1/PRC4 -4.39 7.40 PC4/P3 6.15 -9.22
R2/PRCS5 -5.02 8.32 PC5/P4 3.01 —-6.70
R3/BC6+OH  -1.69 6.80 PC6/P5 17.95 -17.04
R3/BC7T+OH  -3.14 8.11 PC7/P6 15.50 -17.15
R3/BC8+OH  —4.52 7.54 PCS8/P7 11.74 -15.97
R3/BC9+OH  -3.01 5.93 PC9/P8 15.06 -14.99
R3/BC10+OH -2.32 6.72 PC10/P8 15.44 -17.37

Table S8. Effect of basis set in the CCSD(T) calculations, employing cc-pVTZ and 6-311G(d,p) basis
sets, for the relative energy of species explored along path 2, w.r.t the isolated reactants R1.

Species CCSD(T)/ CCSD(T)/ CCSD(T)/cc-pVTZ// CCSD(T)/
cc-pVTZ// 6-311++G(d,p)// BHandHLYP/ 6311++G(d,p)/
BHandHLYP/ BHandHLYP/ 6-311++G(d,p)+ BHandHLYP/
6-311++G(d,p)+ZPE  6-311++G(d,p)+ZPE ZPE+(BSSE) 6-311++G(d,p)+ZPE
+(BSSE)
PRC2 -2.57 -2.32 —0.76(1.81) —0.68(1.64)
TS2 -3.78 —2.45 1.70(5.47) 2.30(4.74)
PC2 -33.13 -33.63 —-31.03(2.10) -31.51(2.12)

aTotal energies including (ZPE) of isolated reactants R1, CCSD(T)/6-311++G(d,p)//BHandHLYP/6-311++G(d,p) and
CCSD(T)/cc-pVTZ//BHandHLYP/6-311++G(d,p)  levels of the theory, are —304.1866( 0.0715)and -304.4107(0.0715)
respectively.
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Table S9. Rate constants (in cm?® molecule™ s') of water-free pathways for hydrogen abstraction in
Glycolaldehyde with hydroxyl radical, in the temperature range 200-500K, at the CCSD(T)/6-
311++G(d,p)//BHandHLYP/6-311++G(d,p) level of the theory. The subscript on the rate constant k

depicts the respective pathway depicted in main text Figures 2, 3 and 4 (of the main article).

200 390x 10*  1.27x 1071 425x 1071 1.17 x 10710 2.18x 10712
220 1.07x10® 6.32x 10711 2.03x 107! 391x 1071 6.39x 10713
240 376x10°  3.58x 107" 1.21x 107! 1.71 x 10711 244 x 10713
260 1.59x 10° 224x 107" 837x 10712 9.09 x 10712 1.14x 10713
270 1.09x 10 1.82x 101" 7.27x 10712 7.06 x 10712 8.30x 1014
280 7.81x 10710 1.51x 107" 6.41x 10712 5.64 x 10712 6.22x 10714
290 571x 1071 1.27x 107" 5.76x 10712 4.64 x 10712 483 x 10714
298.15 459x 10710 1.13x 107" 5.44x 10712 4.14x 10712 4.07x 10714
300 430x 1071  1.08x 107" 529x 1072 3.92x 10712 3.88 x 10714
310 331x 10719 941x 10712  4.88x 10712 3.38x 10712 3.18x 10714
320 2.60x 10710 822x 10712  4.59x 1072 2.97x 10712 2.69x 10714
330 2.08x 10710 7.67x 10712 4.33x 10712 2.65x 10712 2.31x 1074
340 1.69x 1071 6.46x 10712 4.13x 10712 2.40x 10712 2.02x 10714
350 1.41x 1079 580x 1072 3.95x 1072 2.20x 10712 1.80x 10714
360 1.18x 10710 526x 1012  3.82x 1072 2.04x 10712 1.63x 10714
370 1.00x 1019 4.80x 1012 3.73x 10712 1.91x 10712 1.51x 1074
380 8.63x 107" 439x 1072 3.63x10712 1.81x 10712 1.41 x 10714
390 7.53x 107" 325x 10712 3.57x 1072 1.72 x 10712 1.32x 10714
400 6.56x 10711 3.76x 10712 3.49x 10712 1.64 x 10712 1.26 x 10714
420 521x 1071 330x 10712 342x 10712 1.54 x 10712 1.17x 10714
440 423x 101" 293x10°12  3.37x 10712 1.46 x 10712 1.13x 10714
460 3.55x 1071 2.65x 10712 3.36x 10712 1.41x 10712 1.12x 10714
480 3.02x 10711 2.41x 10712 3.37x 10712 1.37x 10712 1.13x 1074
500 265x 107" 224x107"2  342x10°"? 1.36 x 10712 1.16 x 101
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Table S10. Rate constants (in cm?® molecule™! s7!) of water-assisted pathways for the hydrogen
abstraction in Glycolaldehyde with hydroxyl radical, in the temperature range 240-500K, at the
CCSD(T)/-311++G(d,p)//BHandHLYP/6-311++G(d,p) (BSSE uncorrected) level of the theory. The
subscript on the rate constant £ depicts the respective pathway depicted in Figures 4-6 (of the main
article).

T(K) [H:0"  kg[H,0] k7[H,0] ks[H,O] ko[HyO] k1o[H20]
240 1.14 x 1016 9.57x 101 129x10715 1.37x 10714 2.28x 10718 3.11x 10716
280 2.56 x 10Y7 1.23x 10718 3.00x 10715 8.85x 10713 1.31 x 1077 5.12x 10716
290 4.79 x 107 1.31x 1018 3.53x 10715 844 x 10715 1.86 x 1017 5.74x 10716
298.15 7.69 x 1017 141x1018  4.05x 10715 8.30x 10715 2.46x 1077 6.36x 10716
300 8.53 x 1017 142x 1018 4.13x 10715 8.29x 10715 2.60x 10717 6.49 x 10716
310 1.45x 108 1.54x 10718 4.76x 10715 8.19x 10715 3.53x 10717 7.25x 10716
320 2.39x 1018 1.67x 10718 541x 10715 8.18x 10715 4.69x 1077 8.07 x 1016
330 378 x 1018 1.81x 1018  6.10x 10715 8.25x 10715 6.11 x 10717 8.98 x 1016
340 5.79 x 1018 1.97x 1018  6.83x 1071 8.43x 10715 7.87 x 10717 9.99 x 1016
350 8.62x 108 2.16x 1018 7.59x 1071 8.62x 10715 9.97 x 10717 1.11 x 10715
360 1.25x 10" 237x 1018 836x 1071 8.88x 10715 1.24 x 10716 1.22x 10715
370 1.77 x 10" 261x10°18  919x 1071 9.25x 10715 1.54 x 1016 1.36 x 10715
380 2.45x 10 2.87x 10718 1.00x 1014 9.57x 10715 1.87 x 1016 1.49x 10713
390 3.33x 10" 320x 10718 1.09x 1014 9.99 x 10715 227 x 10716 1.64 x 10713
400 4.45x 109 3.52x 10718 1.17x 1014 1.04 x 1014 2.69x 10716 1.78 x 1013
420 7.54 x 1010 435x 1018 1.35x 1014 1.13x 1014 3.775x 10716 2.12x 10715
440 1.21 x 1020 541x10°18 1.55x 1014 1.24x 10714 5.06 x 1016 2.52x 10715
460 1.84 x 1020 6.80 x 1018 1.75x 1014 1.37x 1014 6.75x 10716 296 x 10715
480 2.70 x 1020 8.46x 10718 1.97 x 1014 1.50x 1014 8.72 x 1016 345x 10715
500 3.82 x 1020 1.07x 1077  2.19x 104 1.66 x 1014 1.12x 10715 4.04x 1015

a water concentration values in molecules cm™ at 100% relative humidity. Calculated using formula; ¢ = P/RT ¢:
concentration; p: vapour pressure in atm; R: universal gas constant & T is temperature in Kelvin. 85

® The energy values used for calculating rate constant for path 6 are at the BHandHLYP/6-311++G(d,p) level of
the theory since TS6 could not be refined at the CCSD(T) single-point level.
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Table S11. Comparison of the rate constants (in cm?® molecule™ s7!), without tunneling correction, for water-free
and water-assisted pathways for hydrogen abstraction in Glycolaldehyde with hydroxyl radical, at 298K, at the
BHandHLYP/6-311++G(d,p), MO06-2X/6-311++G(d,p) and CCSD(T)/-311++G(d,p)/BHandHLYP/6-
311++G(d,p) (BSSE uncorrected) levels of the theory.

Pathway BH&HLYP/6-311++G(d,p) M06-2X/6-311++G(d,p) CCSD(T)/6-311-++G(d,p)//
BHandHLYP/6-311++G(d,p)
1 3.87x 1018 2.73 x 1011 2.70 x10-
2 1.41x 1013 1.03 x 1010 8.86 x10°12
3 1.71 x 10-14 1.34x 10°12 7.18 x10°13
4 9.66 x 1016 3.48x 1013 1.41x10°13
5 8.44x 101 4.09 x 1014 2.48 x10717
Overall
(water-free) 1.49x 1013 3.97 x 1012 1.42 x 1012
6 2.04 x 1022 4.04 x 107 2.04 x10-22
7 1.08 x 101 3.42x 104 3.76 x10715
8 9.49 x 1020 1.98 x 10°13 437 x1071¢
9 6.16x 10718 1.23 x 1014 9.56 x10718
10 4.06x 108 8.28 x 1014 2.13 x10°17
Overall
(water-assisted) 1.13 x 1016 4.65 x 10-14 4.23 x 1015

Table S12. Relative energies and ZPE (in kcal/mol) of
the stationary points obtained for the addition of
hydroxyl radical to glycolaldehyde depicted in Figure S2
at the BHandHLYP/6-311++G(d,p) level of theory. The
values are relative to the isolated reactants R1 depicted in

Figure S2.
Species ZPE BHandHLYP/
6-311++G(d,p)*+ZPE
PRCI12 4.52 -17.25
PRC 13 5.33 -17.47
PRC 14 5.39 30.65
PRC 15 1.96 40.40
TS12 3.76 31.53
TS13 2.83 -0.30
TS14 1.14 58.88
TS15 1.02 80.28
PCI12 5.52 -16.55
PC13 2.49 -30.93
PC14 4.23 49.10
PC15 5.26 30.46
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Optimized Cartesian Coordinates (X,Y,Z), in angstroms, for the pre-reactant complexes

(PRCs), at the BHandHLYP/6-311++G(d,p) level of theory:
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