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Table S1. Optimized structures and bond parameters of HCO;7(H,0), under different DFT
functionals with same basis set (6-311++G**), and compared with MP2 method.

B3LYP  O3LYP  X3LYP PW91 MP2 MO06-2X  MO6-L

1 1.69337 1.75483 1.68651 1.64596 1.68991

Bond
Length

2 2.05667 2.25816 2.04236 1.99027 2.06269

3 1.88727 1.94759 1.88042 1.85835 1.88803
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Table S2. Top 12 occupied molecular orbital ¢
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Figure S1. Low-lying isomers of HCO; (H,0O); under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated. The structures that are similar to those in
the work of Neumark & Asmis are also labeled in parentheses.
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Figure S2. Low-lying isomers of HCO; (H,0)4 under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated. The structures that are similar to those in
the work of Neumark & Asmis are also labeled in parentheses.
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Figure S3. Low-lying isomers of HCO; (H,0)s under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated. The structures that are similar to those in
the work of Neumark & Asmis are also labeled in parentheses.
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Figure S4. Low-lying isomers of HCO; (H,O)s under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated. The structures that are similar to those in
the work of Neumark & Asmis are also labeled in parentheses.
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Figure S5. Low-lying isomers of HCO; (H,O); under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated. The structures that are similar to those in
the work of Neumark & Asmis are also labeled in parentheses.
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Figure S6. Low-lying isomers of HCO; (H,O)s under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated. The structures that are similar to those in
the work of Neumark & Asmis are also labeled in parentheses.
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Figure S7. Low-lying isomers of HCO5; (H,O)9 under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated.

10/35



So

'
s 3’ %" en,
29, o. 1? 3 »
‘é 3 Jé
10-a 0.000 10-b 0.117 10-c 0.775 10-d 0.804
-
e S
J'.J e =3 .' 2 :
F (i ¢ ’ I O‘J 2 & J‘-;; "
¢8 v
10- e 2.066 10-f 2.266 10- g 2.320 10- h 2.406
S R e A u.o ‘9 = SJ .3
fo e p| s20it'g 1002 00| Tyig 0%
D s by eS| 27T
J’J ‘ 3 %::f:“’,,-)% J . J. ‘Q‘O ___‘J"’.J
‘ .J ’-J'
9 .a
10-12.472 10-) 2.481 10-k 2.664 10-12.815
...‘J ; J.J‘ N
.:.i".“J ' : ,} ®° JV ’9 ”,‘
& ¢ 0 h:.;;-,'; o 3 J00 0y s
& L s, - ! b
J_.) -y"’ s .J Jw— % “.6J
@ 9 9
10-m 3.175 10-n 6.420 10-0 9.071 10- p 9.833

Figure S8. Low-lying isomers of HCO; (H,0),o under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated.

11/35



.9

,J,J ’3; J‘.
A e @ 4
‘O 3 0 ]‘, ﬁ ix‘,e [ = g @3
. 2 d ,J“-,"-J v 5 ; .J ) o
11-a 0.000 11-b 1.406 11-¢ 1.756 11-d 1.856
N 9 329 o, ’_,P, @y
ot el '&t ‘Coog é,fw,.?
T ORI |
. ‘. 4.4
11-e 2.110 11-f2.975 11- g 3.049 11-h 3.092
-+ :
*’T‘i‘%{’* LY. e%e

J
o]
11-i14.039 11-j4.281 11-k 4.344 11-15.152
) o
;_Q Js ’J : ?) . )’
s BENL ahd SN N by e P
: 4 “a' ; ’J . : .J ;
' o 0 L e e, O ":‘
Sl 2% o0 ,t*f ¢
e - ..
b 3
11-m 6.364 11-n 9.334 11- 0 9.604

Figure S9. Low-lying isomers of HCO; (H,0);; under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated.
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Figure S10. Low-lying isomers of HCO;(H,0O);, under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated.
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Figure S11. Low-lying isomers of HCO; (H,O),3 under B3LYP/6-311++G(3df, 3pd) level of
theory, relative energies (in kcal/mol) are indicated.
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Figure S12. The stick density of states (DOS) spectra of the minimum energy isomer of
HCO; (H20)1.6.
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Figure S13. The stick density of states (DOS) spectra of HCO3 (H,0)7.15.
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Figure S14. Simulated PES spectra of HCO; (H,0), n=1-4 accompany with structures, and

relative energies (in kcal/mol) of the low-lying isomers at the B3LYP/6-311++(3df,3pd) level

of theory, marked n-a and n-b, respectively. Any structures that are similar to those in the

work of Neumark and Asmis are also labeled in red.

17 /35



HCO_‘:,_(HzO)s HC03 (H20)7
g-?ll 2 7-a
oo 0’.1.9
5%
g e
cg 3 *‘5
0.000 kcal/mol 0.000 kcal/mol

7-¢
7-1 T .
9"%
-y JJ
J
‘J
0.370 kcal/mol

HCO; (H,0)s

1.406 kcal/mol

HCOs_(Hzo)s

.&‘t
.? ,:»

0.000 kcal/mol

6-a

4.311 kcal/mol
IIll]llllllIllIIIIllllllllllllllllilllll
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Binding Energy/eV Binding Energy/eV

Figure S15. Simulated PES spectra of HCO; (H,0), n=5-8 accompany with structures, and
relative energies (in kcal/mol) of the low-lying isomers at the B3LYP/6-311++(3df,3pd) level

of theory, marked n-a and n-b, respectively.
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Figure S16. Simulated PES spectra of HCO; (H,0), n=9-12 accompany with structures, and
relative energies (in kcal/mol) of the low-lying isomers at the B3LYP/6-311++(3df,3pd) level

of theory, marked n-a and n-b, respectively.
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Fig. S18 Experimental (copied from Ref. 20) and theoretical infrared spectra of HCO3~(H,0),,
n=2-4 clusters.
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Fig. S19 Experimental (copied from Ref. 20) and theoretical infrared spectra of HCO3 (H,0)s
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Fig. S22 Simulated IR spectra (O-H stretching mode: 2600-3900 cm!) of HCO; (H,0),, n=1-
6 clusters at B3LYP/6-311++G(3df, 3pd).
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Fig. S23 Simulated IR spectra (O-H stretching mode: 2600-3900 cm!) of HCO; (H,0),, n=7-

10 clusters at B3LYP/6-311++G(3df, 3pd).
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Fig. S24 Simulated IR spectra (O-H stretching mode: 2600-3900 cm!) of HCO; (H,0),,

n=11-13 clusters at B3LYP/6-311++G(3df, 3pd).
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n=12
Fig. S25 The most probable structures of HCO; (H,0),, n=1-13 clusters determined by

comparison of NIPE spectra, BH structural search and available IR spectra.

n=11
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Fig. S26 Molecular orbitals of the minimum energy isomer of HCO;(H,0O);.
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Fig. S27 Molecular orbitals of the minimum energy isomer of HCO;~(H,0)s.
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Fig. S28 Molecular orbitals of the minimum energy isomer of HCO; (H,0)s.
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Fig. S29 Molecular orbitals of the minimum energy isomer of HCO5; (H,0)j.
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Fig. S30 Molecular orbitals of the minimum energy isomer of HCO3; (H,0).
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Fig. S31 Symbols and labels of each atom of HCO3; (H,0)o.
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9-a 0.00 9-b 0.69 9-c 1.04 9-d 1.10 9-e1.20

10-a 0.00 10-b 0.12 10-c0.78 10-d 0.80 10-e 2.07

11-a 0.00 11-b1.41 11-c1.76 11-d 1.86 11-e2.11

12-a 0.00 12-b 0.05 12-¢ 0.06 12-d 1.10 12-e1.16

13-a 0.00 13-b 4.26 13-c4.92 13-d 5.24 13-e 5.58
Figure S32. Top five low-lying isomers of HCO3; (H,0), (n = 9-13) at B3LYP/6-311++G(3df,
3pd) level of theory. Relative energies (in kcal/mol) are indicated.
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