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H X-YH,.

Li Be B C N O F Na Cl

Li -23.54
Be -40.99 -69.54
B -42.78 -79.75 -100.55
C -44.6 39.26 -99.66 -83.70
N -69.4 . 17.18 -135.43 -77.80
O -99.41% 43.52 -146.01 -85.50 -43.38 -
F -134.20 -104pe . -42.63 -32.17 N L”Qﬁf.ii?fﬁ;fﬂiiﬁiﬁiﬁ "
Na -19.61 -48.97 -76.50 -111.08  -16.F N
Mg | -33.87 Al 8234  -109.39) -141.50 -28.4
Al -40.53 ) T2, - 105.34 |-126.32] -156.00 -33.2
Si -48.13 -73.2 -80.87 -8 -118.00) -146.28 -39.2
P -49.56 -75.41 -83.18 -65.37 -83.32 -105.75  -39.¢
S -77.03 -102.30 -107.82 -68.43 -63.91 -77.32 -64.%
Cl -108.69  -130.25 -119.83 -77.75 .04 -55.62 -95.1 51.79

kcal/mol

CCSD(T)-F12b/cc-pVTZ-F12
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E. S. Doerksen & R. C. Fortenberry, ACS Earth Space Chem., 4, 812, (2020). bl



AlH,OH +H,

| S. Swinnen, V. S. Nguyen, S. Sakai, & M. T. Nguyen, Chem. Phys. Lett., 472, 175, (2009).
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|X. Huang & T. J. Lee, J. Chem. Phys. 129, 044312 (2008).
R. C. Fortenberry & T. J. Lee, Ann. Rep. Comput. Chem. 15, 173-202 (2019).
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H.X-YH,, Molecules

Yl

1.20 D

AH,OH | f | F12-TZ
v,ecm?t |83 [3768.7
v,cm? 170 |1918.4
vzcm?t 179 [1892.5
vo,ecm?t | 203 |855.7
veecm?t |76 |766.3
vecm? 1260 |621.9
v;cm? 1218 |616.1
veem® |84 |486.3
voecm™? 104 (424.1

A. Watrous, M. C. Davis, & R. C. Fortenberry, Frontiers Astron. Space Sci., 8,

643348 (2021).
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AlH,OH +H,

15

| S. Swinnen, V. S. Nguyen, S. Sakai, & M. T. Nguyen, Chem. Phys. Lett., 472, 175, (2009).



[ F12T2 |

A. Watrous, B. R. Westbrook, M. C. Davis, & R410, MNRAS, 508, 2613 (2021).

f
v,cm?t 142 |3715.0
v,cm?t 162 [3624.5
vy;ecmt 168 |1854.5
vy,emt 1194 |1819.3
ve cmt 367 |1809.0
veecm? 191 |1607.4
v;cm?t |261 |785.1
vgemt 1297 |778.9
voecmt 412 |775.3
Vipem? |5 664.0
vi;cmt 153 [487.9
v, cmt 148 |319.7
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H X-YH_ Molecules .
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D. Grosselin & R. C. Fortenberry, ACS Earth Space Chem., 6, 18-24, (2022).
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a net sl

| D. Grosselin & R. C. Fortenberry, ACS Earth Space Chem., 6, 18-24, (2022).
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Li Be B

-23.54

-40.99 -69.54

-42.78 -79.75  -100.55
-44.63 -89.26 -99.66
-69.48  -117.18 -135.43
-99.41  -143.52 -146.01
-134.20 -173.70 -164.80
-19.61 -32.97 -31.79
-33.87 -53.32 -57.15
-40.53 -63.91 -72.97
-48.13 -73.22 -80.87
-49.56 -75.41 -83.18
-77.03  -102.30 -107.82
-108.69  -130.25 -119.83

N O F

-58.63

-56.89 -43.38

-63.59 -42.63 -32.17
-48.97 -76.50  -111.08
-82.34  (-109.34) -141.50
-105.34 -126.32J -156.00
-97.10  -118.00) -146.28
-69.91 -83.32  -105.75
-60.33 -63.91 -77.32
-55.19 -50.04 -55.62

kcal/mol
CCSD(T)-F12b/cc-pVTZ-F12

E. S. Doerksen & R. C. Fortenberry, ACS Earth Space Chem., 4, 812, (2020).
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F. J. Molster, et al., Astron. Astrophys., 372, 165 (2001).
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