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1. Supplemental Figures
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Figure S1. IR spectra of the H{F;} acid: a powder precipitated from liquid HCI with mostly crystalline
structure (red) and the sublimed film, mostly amorphous (blue). Their difference (green) shows that the
bands at 1624/1602, 914 and 646 cm™' corresponding to bridged hydrogen vibrations differ substantially.
vCH frequencies of the {F,;~} anion (left) at 3000-3500 cm™' also differ, pointing to their differences in
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bonding with a proton. The B-B and B—F stretches of the {F;;~} anion are ~1280-1300 cm™".
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Figure S2. IR spectra of the H{Cl,,} acid: red is the powder precipitated from liquid HCI and mostly
crystalline, studied by X-ray analysis; blue is sublimed film. vCH frequencies of the {Cl;,}~ anion are
shown in the inset; (b) the B-B and B—Cl stretches of the {Cl,;}~ anion are in the range 1125-960 cm™!,
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and strong broad adsorption corresponding to H atom vibrations is at 1250—400 cm™'.
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Figure S3. An IR spectrum of the equilibrium mixture of IIb <> OlIb, which was consumed within the
first minute of the reaction with CH;Cl. The spectrum was obtained as a difference of the spectra of
compounds II and OII before and 1 min after injection of gaseous CH;Cl. Subtraction was carried out

with full compensation of the absorption of the {F;;~} anion and methyl chloride. Negative absorption
corresponds to the formed CH;CO™.

Figure S4. Optimized structures of OC-H{F,} isomers “a” (left) and “c” (right) at the B3LYP/6-
311g(df,p) level of theory.
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Figure S5. Correlation between vCO of compounds Ia, Ib, and Ic and that of the corresponding Ola, Olb,

and Olc compounds.
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Figure S6 Dependence of the intensity of the band v,,HCO at 1774 cm™' of the type OII cation COH* on
intensity of v,;HCO absorption at 2810 cm™! of the type II cation.
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Figure S7. The kinetics of formation of the Ic compound (dependence of the intensity of its vCO band at
2260 cm™! on the duration of absorption of CO by the surface of H{Cl;,}).
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2. Supplemental Tables

Table S1. Calculated IR frequencies, intrinsic frequencies and C—O/C—H distances for optimized (by the

B3LYP/cc-pVQZ level of theory) structures of COH*---L cations, analogs of the II type compounds
(frequencies in cm™! are rounded to integer values).

Cation vi:HCO/VCH | VOHL | vHCOVCO | viCH |[viCO |Re.0 A |Rep A
Bridged H
OCH* 3206.6 - 22665 3103 2407 | 1.1004 | 1.0950
OCH*---He 3162 - 2259 3056 2406 | 1.1005 | 1.0981
OCH*-Ne 3108 - 2249 2998 2404 | 1.1007 | 1.1021
OCH"--Ar 2874 - | 2178 2738 2396 | 1.1017 | 1.1214
OCH*{F i} | 2786 - |2120 1.1102 | 1.1216
OCH*-—-{Fy; } ) - 1864 | 2515 1.1094 | 1.1640
OCH*-—-{F;} - 1587 | 2441 1.1094 | 1.1991

Table S2. Calculated CO stretches and C—O distances for optimized (by the B3LYP/cc-pVQZ level of theory)
structures of LH™--(CO) compounds, analogs of I/OI-type compounds (frequencies in cm™ are rounded to the

integer values).

Compound vCO Rc.o. A Notes
COpgas 2214 1.12375 Reference
H,OH*---CO 2321 1.1125 I type
SO,H"---CO 2325 1.1123

C,H;+--CO 2297 1.1146

H,OH*---OC 2131 1.1341 OlI type
HFH*---OC 2102 1.1406

Table S3. Calculated IR frequencies, intrinsic frequencies (v;), and C—O/C—H distances for optimized (by the

B3LYP/cc-pVQZ level of theory) structures of COH*--- L cations, analogs of Oll-type compounds (frequencies in

cm™! are rounded to the integer values).

Cation vCH VOHL | vCO vCH | vCO Re.oA | Ro.n A
Bridged H

COH* 3407 1965 3103 2407 1.1529 | 0.9948

COH*--He | 3070 1978 3956 | 2406 1.1510 | 1.0122

COH*-Ne | 2919 1984 | 2998 2404 1.1502 | 1.0216

CO-H*-Ar 1758 | 2198 2738 2396 1.1466 | 1.0968

CO-H*-FH 1612 | 2102 1.1406 | 1.2692
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3. Calculations

3.1. Estimation of the energy of L-H*CO and COH*-L compounds and barrier for proton
transfer from the Bronsted acid to the CO molecule.

To make the accurate estimation of the energy of H'CO/COH" cations binding with basic molecules, the
CBS-QB3 quantum-chemical method was applied. It is a Complete Basis Set (CBS) developed by George
Peterson and coworkers [J.A. Montgomery, M.J. Frisch, J.W. Ochterski, and G.A. Petersson, J. Chem.
Phys. 110 (1999) 2822-2827]. The several single-point energies were extrapolated in order to get the best
estimate of the total energy. It is hard to compute due to an incomplete electron correlation energy
account and finite size of the basis set. The CBS-QB3 calculations were performed with the Gaussian 09
software [Gaussian 09, Revision D.01, M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M. A.
Robb, J.R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato,
X. Li, H.P. Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J.A.
Montgomery, Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N.
Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J.
Tomasi, M. Cossi, N. Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, J.
Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. Ochterski,
R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador, J.J. Dannenberg, S. Dapprich,
A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, J. Cioslowski, and D.J. Fox, Gaussian, Inc.,
Wallingford CT, 2009]. The results are shown in Table 1.

Table S4. Calculated enthalpies (in kJ/mol) of the H'CO/H'OC binding with various ligands, L (basicity
of Ar and {F;;"} is very close).

He Ne Ar HF C2H2 SOZ Hzo
L-H*CO -1.8 -6.0 -19.7 -67.4 -84.4 -103.2 -157.1
L-H*OC -7.3 -15.3 -51.2 -135.9 -229.6 -234.2 -292.2
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Figure S7. Correlation between binding enthalpies of HCO™ and HOC* (kJ/mol).

According to CBS-QB3 calculation, the ArH" interaction with CO with the formation of Ar.H*CO, is
highly exothermic — 234.4 kJ/mol. It is expected that the barrier of proton transfer should be very low,
because of perfect energy compensation between the breaking of the Ar-H bond and formation of the C-H
bond. In fact, the scan of Potential Energy Surface (PES) along Ar-H distance shows no energetic barrier.
The ArH" acid is the best model to describe the interaction of {F;;"}H" acid with CO molecules, because
of comparable basicity of Ar and {F,;”} anion. Therefore, it can be expected that in case of a real
{F;;7}H" acid the noticeable barrier to CO protonation also does not exist.
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3.2. Scan of the potential energy surface when CO approaching to ArH"* via C atom
Energy, a.u.

Figure S8. Relaxed molecule PES scan along the Ar-H distance as CO molecule approaching to the ArH*

cation.
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3.3. Evaluation of the different functional effect, such as B3LYP, M06, PW91, on the
vibration frequencies of H'CO and COH" cations

Table S5. IR frequencies of H'CO calculated with various DFT functionals.

SVWN PWOI1 B3PW91 [B3LYP |B2PLYP [MO6L MO06 MO06-2X
vCH 3111.37| 3144.35( 3216.77| 3224.97| 3217.49| 3206.77| 3141.75| 3261.86
vCO 2223.52 2188.84| 2273.37| 2265.78( 2204.68| 2254.12| 2279.68| 2337.55
6HCO 819.49 830.79 867.62 867.21 858.30 894.56 901.96 887.14
Table S6. IR frequencies of COH* calculated with various DFT functionals.

SVWN  [PWI1 B3PW91 [B3LYP |B2PLYP |MO6L MO06 MO06-2X
vOH 3282.61( 3316.13| 3436.24( 3401.31| 3425.90| 3456.46( 3464.87| 3449.34
vCO 1942.93| 1891.89| 1970.51 1965.08| 1948.20| 1982.48( 2001.28| 2009.54
SHCO 284.98( 215.26] 20093 184.48| 160.77| 25691 259.65| 280.86
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3.4. Others

Example of the GAMESS US input for DFT calculation for Ar..H"CO cation. It shows all

parameters

required

to reproduce

results

in the

present

Manuscript.

Note

that

DFTTYP=B3LYPV1R selected for the convenience if one wants to reproduce results using
Gaussian 09 software.

$SYSTEM TIMLIM=1000 MWORDS=50 MEMDDI=30 $END
SCONTRL SCFTYP=RHF

RUNTYP=OPTIMIZE EXETYP=RUN

MULT=1 ICHARG=1 ISPHER=1
DFTTYP=B3LYPV1R
COORD=UNIQUE NZVAR=5

SEND

SDFT SWOFF=0.0 JANS=2 SEND

SGUESS GUESS=HUCKEL SEND

$SCF DIIS=.TRUE.
SFORCE RDHESS=.F.
SZMAT IZMAT (1)=1,1,2,

DECOMP=
1,2
0

SLIBE APTS(1)=1.0,0.0,0.

SSTATPT NPRT=-1 HSSEND=.T.

$SBASIS GBASIS=CCQ S$END

SDATA
COH+
CNV 4

= Q O

AR
SEND

Optimized geometries at B3LYP/cc-VQZ level (Cartesian coordinates, A) and total energies
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HE+HCO E = -214.1273977
C -0.0025580098 0
0 0.1219238751 0
H -0.1308327208 0
F -0.0536820083 0
H -0.6931900424 0
HE+HOC E = -214.0917791
F 1.6996367067 0.
H 0.6066700438 0.
C -1.8018790406 0.
0 -0.6617943413 -0
H 2.2312641214 -0
C,H,+HCO E = -191.0041173

0 0.0000000000 0
C 0.0000000000 0
H 0.0000000000 0
C -0.0000000000 -0
C 0.0000000000 0
H 0.0000000000 1
H 0.0000000000 -1
SO,+HCO E = -662.3779061

H -0.8820010220 0.
C -2.3551063004 -0
O -3.3789863610 -0
0 0.0381513015 0.
0 1.5181420520 -1
S 1.4355280800 0.

Optimized geometry at B3LYP/6-311g(3df,3pd) level (Cartesian coordinates, A) and total
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energy (a.u.) for the (CHBF;;) HCO* complex.

CHB11F11+4HCO E = -1525.4422023
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B 0.4006891757 =2
B -0.7823539204 -1
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F 2.7488555666 0.
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