Supplementary Material for PCCP
This journal is © The Owner Societies 2010

Supplementary Information for the article:
Carbon and proton shielding tensors in methyl
halides

Anu M. Kantola Perttu Lantté Juha Vaara*
Jukka Jokisaati

The molecular geometries used in theoretical computaiodsexperimental analysis
are shown in Table S1. Table S2 lists the theoretically cdetbtemperature deriva-
tives of 13C and'H shielding constants and anisotropies. In Table S3, therhgnce
of nonrelativistic (NR) and relativistic (BPPT) results the electron correlation treat-
ment is shown. The breakdown of the BPPT(RAS) resultorfandAao into the indi-
vidual contributions is presented in Tables S4 and S5 fanathyl halides at theire
geometries. The correspondingdata as well as the rovibrational corrections to each
individual contribution at a given temperature at the MP2 BIxT(B3LYP) levels of
theory, are presented in Tables S6 — S9. Eqs. (S1) and (SBs=xihe rovibrational
averages of°C and'H shielding parameters. The displacement averagEs-a800 K
of the molecular symmetry coordinates in those equatioadisted for each methyl
halide in Table S10. Finally, the rovibrational contrilans atT = 300 K for each

shielding parameter are shown in Tables S11 — S14.
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Table S1: Molecular geometries.

Molecule Ge8 rc_x rc.n ZXCH

CHaF re 1.383 1.0860 108.80
r« 1391 1.0979 108.81
CHsCl re 1776 1.0854 108.58
r« 1786 1.0944 108.43
CH3Br re 1.934 1.0823 107.73
r« 1943 1.0930 107.69
CHjl re 2132 1.0840 107.68

la 2.142 1.0939 107.66

aType of molecular geometry eitheg for equilibrium geometry or4 (300 K) for geometry
where the nuclei are in their average locations corresporidi the temperature of 300 K. The
geometries used are the same as in Refse)lafid 2 ¢4 (300 K)). 13CH3X isotopomers with
X=19, 35|, 79Br, and!?7.

Table S2: Quantum-chemically calculated temperaturealéves (in ppb/K) of théH
and3C shielding constants and anisotropies in gas phase atthigiced nonrelativis-
tic MP2 and relativistic DFT(B3LYP) level.

Molecule ac Aoc OH Aoy

CHsF -0.715 0.553 -0.054 -0.028
CHsCI -1.028 0.631 -0.059 -0.054
CH3Br -1.024 0.376 -0.050 -0.036
CHgal -0.481 -0.774 -0.065 -0.101

a Derivatives are calculated in the temperature range frodnk& 350 K for the isotopomers
CH3%F, CHz3°Cl, CH3"®Br, and CH!?71.
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Table S3: Calculated nonrelativistic (NR) shielding canss @) and anisotropiedyo)

with respect to the molecul@l; axis in CHX (X = F — ). Relativistic BPPT correc-

tions are also indicated.

o} Ao
Nucleus  Term Method CyF CHsCl CHsBr CHal CH3F CHsCl CH3Br  CHal
C NR HF 124.61 164.52 173.31 194.51 95.05 45.25 36.90 10.89
MP2 121.42 167.17 177.94  200.19 107.84 49.29 38.10 10.60
CCsD 123.61 167.25 177.51 198.83 101.98 46.23 35.72 9.46
CCSD(T) 122.90 167.17 177.63 199.01 103.41 46.72 35.94 9.63
RAS 125.43 168.18 178.28 199.55 100.35 46.28 37.01 9.80
B3LYP 105.94 150.93 160.22 182.19 111.34 53.66 44.68 17.51
BHandHLYP 113.36 156.53 165.64 187.43 105.43 50.62 41.85 9114
BPPT RAS 1.24 2.88 10.30 28.96 -0.32 -2.86 -14.57 -43.93
B3LYP 1.33 3.38 13.50 36.97 -0.44 -3.61 -19.39 -56.31
BHandHLYP 1.31 3.27 12.79 35.48 -0.42 -3.45 -18.34 -54.01
H NR HF 27.98 29.09 29.33 29.92 4.08 4.75 5.94 7.27
MP2 27.40 28.67 28.98 29.60 4.60 4.99 6.14 7.45
CCsD 27.60 28.88 29.17 29.79 4.42 4.86 6.04 7.35
CCSD(T) 27.50 28.79 29.09 29.71 4.53 4.95 6.13 7.44
RAS 27.74 28.87 29.16 29.81 4.23 4.81 5.91 7.27
B3LYP 27.44 28.73 29.04 29.67 5.08 5,51 6.67 7.93
BHandHLYP 27.62 28.83 29.11 29.73 4.62 5.16 6.32 7.61
BPPT RAS 0.03 0.03 0.03 -0.38 -0.01 0.00 0.12 0.79
B3LYP 0.03 0.04 0.07 -0.28 0.00 -0.01 0.15 0.83
BHandHLYP 0.03 0.04 0.07 -0.33 -0.01 -0.01 0.13 0.86

@ Results in ppm at the equilibrium geometry (see text). Thé(BIH)/FIV(X) basis is used.
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Table S4: Ab initio nonrelativistic (NR) and relativistiBPPT) contributions td3C

shielding constantsa) and anisotropiesNo) in CHzX (X = H, F, Cl, Br, I) at the

equilibrium geo

metry.

ac Aoc
Term CH; CHsF CHCl CHzBr  CHgl CH3F CHCl CHgBr CHal
NR 199.19 12290 167.17 177.63 199.01 103.41 46.72 3594 3 9.6
con -0.74 -0.74 -0.74 -0.74 -0.74 - - - -
dip - - - - - 0.00 0.00 0.00 0.00
d-KE -0.56 -0.55 -0.55 -0.55 -0.55 -0.02 -0.02 -0.02 -0.02
p-OZ -0.01 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.02 -0.01
d/mv 0.96 0.97 0.99 1.06 1.16 -0.02 -0.07 -0.33 -0.74
d/Dar -0.58 -0.60 -0.62 -0.69 -0.79 0.02 0.05 0.17 0.36
p/OZ-KE 0.03 0.01 0.01 0.01 0.01 0.04 0.04 0.04 0.03
p-KE/OZ 0.08 0.11 0.08 0.07 0.06 -0.04 0.00 0.01 0.04
FC/SZ-KE 2.53 2.52 2.52 2.52 2.52 - - - -
SD/SZ-KE - - - - - -0.01 -0.01 -0.01 -0.01
FC-1I(1) -0.45 -0.45 -0.45 -0.45 -0.44 0.02 0.02 0.03 0.04
SD-II(1) 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
p/mv -0.05 -0.30 -0.49 -1.98 -5.38 0.31 0.57 2.70 7.57
p/Dar -0.04 0.05 0.11 0.31 1.08 -0.14 -0.20 -0.44 -1.51
FC-I(1) -0.03 0.54 2.78 13.14 38.18 -0.90 -431 -20.06 57.8
SD-I(1) -0.03 -0.03 -0.13 -0.85 -3.28 0.04 0.16 1.02 3.89
FC-I1(2) -0.03 -0.29 -0.67 -1.65 -3.09 0.40 0.97 2.46 4.62
SD-1(2) 0.01 0.00 0.03 0.11 0.27 -0.02 -0.04 -0.14 -0.31
TOTAL(SRY -0.92 -1.05 -1.21 -2.51 -5.15 0.15 0.35 2.12 5.70
TOTAL(SO)¥F 2.01 2.29 4.09 12.81 34.16 -0.46 -3.21  -16.69 -49.61
BPPT-5 -0.10 0.08 1.71 9.13 27.83 -0.34 -2.85 -14.44 -43.56
BPPT® 1.09 1.24 2.88 10.30 29.00 -0.32 -2.86 -14.57 -43.91
TOTALP 200.28 122,98 168.88 186.76 226.85 103.09  43.86 21.37 834.2

2 NR terms computed at CCSD(T) level with HIV(C,H)/FIV(X) eset. BPPT contributions

were computed at RAS level with HIVu2(C,H)/FIX] basis set.
b Computed with HIV(C,H)/FIVK) basis set.
¢ Two-electron terms computed at DFT(B3LYP) level with HIVG2H)/FIV(X) basis set.
d Sum of all electron-spin-independent BPPT terms.
€ Sum of all electron-spin-dependent BPPT terms.

f Sum of terms p-KE/OZ, p/mv, p/Dar, FC-1(1&2), and SD-1(1&2)], which have been found

the most important for heavy-atohandAo.

9 TOTAL(SR)+TOTAL(SO).

h NR+BPPT.
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Table S5: Ab initio nonrelativistic (NR) and relativisti@PPT) contributions tdH
shielding constantsa) and anisotropies/No) in CHzX (X = H, F, Cl, Br, I) at the
equilibrium geometry.

OH Aoy
Term CH4 CH3F CH3C| CHgBr CH3| CH3F CH3C| CHgBr CH3|
NR 31.46 27.50 28.79 29.09 29.71 4.53 4.95 6.13 7.44
con 0.00 0.00 0.00 0.00 0.00 - - - -
dip - - - - - 0.00 0.00 0.00 0.00
d-KE 0.00 0.01 0.01 0.01 0.01 -0.01 -0.01 -0.02 -0.02
p-OZ 0.00 0.01 0.01 0.01 0.01 -0.01 -0.01 -0.01 -0.01
d/mv 0.00 0.00 0.01 0.05 0.11 0.01 0.00 -0.06 -0.21
d/Dar 0.00 0.00 -0.01 -0.06 -0.12 -0.01 0.00 0.01 0.07
p/OZ-KE 0.00 -0.01 -0.02 -0.02 -0.02 0.02 0.02 0.02 0.03
p-KE/OZ 0.00 -0.01 -0.02 -0.02 -0.02 0.02 0.02 0.02 0.02
FC/SZ-KE 0.00 0.00 0.00 0.00 0.00 - - - -
SD/SZ-KE - - - - - 0.00 0.00 0.00 0.00
FC-11(1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SD-II(1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
p/mv -0.01 0.00 0.00 -0.04 -0.11 -0.01 -0.01 0.01 0.10
p/Dar 0.00 0.01 0.01 0.03 0.06 0.00 0.00 0.00 -0.02
FC-1(1) 0.02 0.05 0.05 0.04 -0.36 -0.01 0.02 0.14 0.85
SD-I(1) 0.00 0.00 0.01 0.03 0.05 0.00 0.01 0.03 0.07
FC-1(2)° -0.01 -0.01 -0.01 -0.01 0.02 -0.01 -0.02 -0.04 -0.08
SD-I(2f 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01
TOTAL(SR® -0.01 -0.01 -0.01 -0.03  -0.09 0.00 0.00 -0.02 -0.04
TOTAL(SOY 0.01 0.04 0.04 0.06 -0.29 -0.02 0.00 0.13 0.83
BPPT-5 0.01 0.03 0.04 0.04 -0.36 -0.02 0.01 0.17 0.94
BPPTY 0.00 0.03 0.03 0.03 -0.38 -0.01 0.00 0.12 0.79
TOTALN 31.46 27.53 28.82 29.12 29.32 4.52 4.96 6.25 824

2 See footnotes in Table S4.
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Table S6: Nonrelativistic (NR) and relativistic (BPPT)nrex as well as their rovi-
brational corrections (at 300 K and/or 350 K) at the DFT(BB)Yevel for the'3C

shielding constantgc in CH3X (X =F —1)2

CHaF CHsCl CH3Br CHg!
T 300 K T 300K T 300K e 300K 350K
NRP 104.89 -4.78 150.14 -4.03 159.48 -4.11 182.19 -3.47 -3.55
(121.42) (-3.81) (167.17)  (-2.86) (177.94) (-2.78) (28).1 (-2.14) (-2.20)
con -0.74 0.00 -0.74 0.00 -0.74 0.00 -0.74 0.00  0.00
d-KE -0.55 0.00 -0.56 0.00 -0.56 0.00 -0.56 0.00  0.00
p-0Z 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
dimv 0.98 0.00 1.00 0.00 1.08 0.00 1.20 0.00  0.00
d/Dar -0.60 0.00 -0.62 0.00 -0.70 0.00 -0.81 0.00  0.00
plOZ-KE 0.01 0.00 0.01 0.00 0.01 0.00 0.02 0.00  0.00
p-KE/OZ 0.14 0.00 0.10 0.00 0.10 0.00 0.08 0.00  0.00
FC/SZ-KE 253 0.00 2.54 0.00 2.54 0.00 2.54 0.00  0.00
FC-I(1) -0.45 0.00 -0.45 0.00 -0.45 0.00 -0.45 0.00  0.00
SD-II(1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
pimv 039  -0.01 061  -0.02 218  -0.09 539 019  -0.17
p/Dar 0.07 0.00 0.14 0.00 0.35 0.04 0.86 0.09  0.08
FC-I(1) 0.66 0.03 3.35 0.16 16.64 1.01 46.99 327 333
SD-I(1) -0.04 0.00 015  -0.01 -1.05  -0.04 395 017  -0.19
FC-1(2) 029  -0.01 0.67  -0.03 165  -0.10 309 021 202
SD-I(2) 0.00 0.00 0.03 0.00 0.11 0.00 0.27 001  0.01
BPPT 1.33 0.01 3.38 0.12 13.50 0.83 36.97 282 285
TOTAL® 106.22  -4.77 15352  -3.91 172.97  -3.28 219.16  -0.65  -0.69
(-3.80) (-2.74) (-1.95) (0.68)  (0.66)

8re denotes calculation with HIVU2(C,H)/FIX() basis set at equilibrium geometry. The
numbers under the columns denoted 300 K and 350 K are romibedicontributions to be

added to the equilibrium value, at the indicated tempeesirthe isotopomers CH°F,

CH333Cl, CH3"Br, and CH127I. BPPT is a sum of the all BPPT terms.

b The NR results at the MP2 level with HIV(C,H)/FIX{ basis are in parentheses.

¢ TOTAL = NR + BPPT at the DFT(B3LYP) level. In parentheses thtalttrovibrational
averages as a sum of NR(MP2) and BPPT(DFT/B3LYP) rovibnaligorrections, used for the
best results of the article.
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Table S7: Nonrelativistic (NR) and relativistic (BPPT) rrex as well as their rovi-
brational corrections (at 300 K and/or 350 K) at the DFT(BB)Yevel for the'3C
shielding anisotropyAdc in CH3X (X =F —1)2

CHgF CHsCl CHaBr CHal
Te 300K Te 300K Te 300K Te 300K 350K
NR 111.89  -0.08 5387  -1.19 4483 -2.01 1751 291  -2.88
(107.84)  (-0.01) (49.29)  (-1.17) (38.10) (-1.94) (10.60)-2.81)  (-2.79)
dip 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
d-KE -0.02 0.00 -0.02  0.00 -0.02 0.00 002 000 0.0
p-0Z -0.01 0.00 001 0.00 -0.01 0.00 001 0.00 0.00
dimv -0.02 0.00 -0.07  0.00 -0.32 0.00 -0.75 001 0.01
diDar 0.02 0.00 0.05 0.00 0.16 0.00 0.36 0.00 0.00
plOZ-KE 0.04 0.00 0.03 0.00 0.03 0.00 0.03 0.00 0.00
p-KE/OZ -0.06 0.00 001  0.00 0.00 0.00 0.03 0.00 0.00
SD/SZ-KE ~ -0.01 0.00 001 0.00 -0.01 0.00 001 000  0.00
FC-1I(1) 0.02 0.00 0.02 0.00 0.03 0.00 0.04 0.00 0.00
SD-II(1) 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00
p/mv 0.40 0.00 0.68 0.00 2.93 0.05 7.46 0.10 0.07
p/Dar -0.18 0.00 025  0.00 049  -0.03 -1.16 007  -0.05
FC-I(1) -1.07 -0.04 516  -0.23 2529  -1.40 -71.06  -457 .654
SD-I(1) 0.05 0.01 0.20 0.02 1.27 0.11 4.46 0.33 0.35
FC-I(2) 0.40 0.02 0.97 0.04 2.46 0.14 4.62 0.30 0.30
SD-1(2) -0.02 0.00 0.04  0.00 014  -0.01 031  -002 -0.02
BPPT 044 002 361 017 1939 115 5631 393  -3.99
TOTAL 11145  -0.10 5026  -1.35 2544  -3.15 -38.80 -6.84 76.8
(-0.03) (-1.37) (-3.09) (-6.74)  (-6.78)

2 See footnotes in Table S6.
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Table S8: Nonrelativistic (NR) and relativistic (BPPT) rrex as well as their rovi-
brational corrections (at 300 K and/or 350 K) at the DFT(B®8)Yevel for thelH
shielding constangy in CH3X (X =F —1)2

CHsF CHsCl CHsBr CHal
Te 300K Te 300K Te 300K Te 300K 350K
NR 2745  -0.63 2873 059 29.04  -0.63 2967 060  -0.60
(27.40)  (-0.63) (28.67) (-0.58) (28.98) (-0.62) (29.59) 0.59) (-0.59)
con 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
d-KE 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00  0.00
p-0Z 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00
dimv 0.00 0.00 0.01 0.00 0.05 0.00 0.11 0.01 0.01
diDar 0.00 0.00 001 0.00 006  0.00 012 0.00 0.00
p/OZ-KE ~ -0.01  0.00 -0.02 0.0 002  0.00 002 0.00 0.00
pKE/OZ 001  0.00 -0.02  0.00 002  0.00 -0.02  0.00 0.00
FC/SZ-KE  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
FC-1I(1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SD-II(1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
pimv 001 0.0 -0.01 0.0 005  0.00 012  0.00 0.00
p/Dar 0.02 0.00 0.02 0.00 0.04 0.00 0.06 0.00 0.00
FC-I(1) 0.05 0.01 0.06 0.01 0.09 0.04 026 0.03 0.03
SD-I(1) 0.00 0.00 0.01 0.00 0.03 0.00 0.06 0.01 0.01
FC-I(2) 001 0.00 001 0.0 001 0.00 0.02 0.00 0.00
SD-I(2) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BPPT 0.03 0.00 0.04 0.01 0.07 0.04 028 004 003
TOTAL 27.47  -0.63 2877  -0.57 29.12  -0.59 2939 056  -057
(-0.63) (-0.56) (-0.58) (-0.55)  (-0.56)

2 See footnotes in Table S6.
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Table S9: Nonrelativistic (NR) and relativistic (BPPT) rrex as well as their rovi-
brational corrections (at 300 K and/or 350 K) at the DFT(B®8)Yevel for thelH

shielding anisotropyAdy in CH3X (X =F —1)2

CHaF CHsCl CHgBr CHal

e 300K e 300K e 300K Te 300K 350K
NR 508  -0.03 551  -0.04 6.67  -0.09 793 013 -0.13

(4.60) (-0.05) (4.99) (-0.06) (6.14) (-0.03) (7.45)  (-0.16 (-0.17)
dip 0.00  0.00 0.00  0.00 0.00  0.00 0.00 000  0.00
d-KE -0.01  0.00 001 0.00 -0.02  0.00 -0.02  0.00 0.00
p-0Z 001 0.00 001 0.00 001 0.00 001 000 0.0
dimv 0.01  0.00 0.00  0.00 -0.05  0.00 017  0.00  0.00
diDar 001 0.00 0.00  0.00 0.01  0.00 0.04 000  0.00
p/OZ-KE ~ 0.02  0.00 0.02  0.00 0.02  0.00 003 000  0.00
pKE/OZ ~ 0.02  0.00 0.02  0.00 0.02  0.00 002 000  0.00
SD/SZ-KE  0.00  0.00 0.00  0.00 0.00  0.00 0.00  0.00 0.00
FC-1I(1) 0.00  0.00 0.00  0.00 0.00  0.00 0.00 000  0.00
SD-II(1) 0.00  0.00 0.00  0.00 0.00  0.00 0.00 000  0.00
p/mv -0.01  0.00 -0.01  0.00 0.03  0.00 009 -001 -0.01
p/Dar 001 0.00 001 0.00 001 0.00 002 001 001
FC-I(1) 0.00  0.00 0.03  0.00 0.15  0.00 085 004 005
SD-I(1) 001  0.00 0.01  0.00 0.05  0.00 010  -001  -0.01
FC-I(2) -0.01  0.00 -0.02  0.00 -0.04  0.00 008 000  -0.01
SD-I(2) 0.00  0.00 0.00  0.00 001  0.00 001 000  0.00
BPPT 0.00  0.00 0.02 _ 0.00 0.15  -0.01 0.83 002 0.03
TOTAL 507  -0.03 554  -0.05 6.82  -0.10 876 -010 -0.11

(-0.05) (-0.07) (-0.4) (-0.13) (-0.14)

2 See footnotes in Table S6.
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For 13C in Cy, site symmetry the thermal averages of shielding parametarsbe

written as

=(ay)7

——
(oc)T = Oet0u(S1) +02(S) T + 05(Ss)T

1 1 1
+5 o1 (SIS + 5 022(SS) T + > 033(SSs)
+012(S19) " + 013(S1S%s) " + 023(S )T (S1)
+044(SuSs) " + 055(S5S5) T + T6(S6S) "
+2045(SuS5) T + 2046(S4Ss) T + 2056(S5Ss) |

N———’
=(056)T
and for'H in Cs site symmetry the thermal averages of shielding paramaters

=(oy)7

()T = 0ot on(S)T +0x(S)T + 03(S)T

+%qﬂ&&f+%®x&&f+%®x%%f

3 tatal ST + 5 O S555) T + 3 O 55) T

5O SSa) T+ 5 O (S5 + 5 Oepen S5
+012(S19) " + 013(S1Ss) T + 023(SS) (S2)
+04a5a(SuSs) " + Oaaga(S1Ss)" + Osa6a(S5Se) |

+Oapsn(S1Ss) T + Oapen(S1Ss) T + Tspen(SSs) ' -
—_———

=(0s5pep) T

Seeeg., Ref. 3 for the definitions of the symmetry coordina$es
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Table S10: LinearS)" and quadratic(SSé)T, averages of molecular symmetry coor-
dinates afl = 300 K in13CHzX (X = 1°F, 35Cl, 7°Br, 127)) .2

CHsF CHCl CHiBr  CHal
0.0383 0.0353 0.0391 0.0388
-0.0033 0.0029 -0.0022 -0.0035
0.0090 0.0116 0.0111 0.0116
0.0057 0.0056 0.0055 0.0055
-0.0007 -0.0005 -0.0006 -0.0007
-0.0003 -0.0003 -0.0003 -0.0003
0.0227 0.0243 0.0247 0.0256
0.0022 0.0026 0.0028 0.0030
0.0021 0.0025 0.0026 0.0030
0.0118 0.0117 0.0117 0.0116
0.0019 0.0019 0.0020 0.0020
-0.0012 -0.0010 -0.0010 -0.0012
0.0524 0.0536 0.0546 0.0548
0.0049 0.0043 0.0043 0.0043
0.0276 0.0298 0.0315 0.0338

—

\/\/\/
— -
I I I

—

I I e

PPLPDLLDLPOODOP PP
PELLLLLLLLYLLL
-

(58T = (SaSha) " = (SSw) T formn=4,5,6. In A and rad units.
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Table S11: Computational rovibrational contributionste*C nuclear shielding con-
stant,(a;)T, atT = 300 K for CHsX (X = °F, 35Cl, 79Br, 127)).2

CHsF CHsClI CH3Br CHgl
NR  BPPT NR BPPT NR  BPPT NR  BPPT

(o)T  -298 0.01 -3.02 0.08 -3.31 058 321 1.85
(0)T  0.05 0.00 0.01  0.00 -0.02  0.03 -0.06 0.15
(o3)T  -0.81 0.01 -1.11  0.03 -1.09  0.16 -1.16  0.42
(o1)T  -0.14  0.00 020 000  -0.22 0.03 024 012
(01T 0.00  0.00 0.00 0.00 -0.01  0.00 -0.01  0.01
(o13)7  -0.01  0.00 -0.02  0.00 -0.02  0.00 -0.02 -0.01
(02T 031 0.00 0.87 -0.01 1.04 -0.08 1.30 -0.22
(0237 0.03  0.00 -0.04 -0.02 -0.06 -0.13 -0.11  -0.39
(03)T -0.21  0.00 -0.18 0.01 -0.14  0.08 -0.10 0.25
(o49)T -0.79  0.00 -0.89 -0.01 -0.91 -0.04 093 -0.11
(o457 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.01
(046)T  0.00  0.00 0.03  0.00 0.05 0.00 0.08 0.01
(0s5)T  0.82  0.00 1.05 -0.01 1.08 -0.05 119 -0.12
(0se)’ 0.01  0.00 0.02  0.00 0.02 0.00 0.02 0.00
(0es)! -0.11  0.00 0.61 0.04 0.80 0.25 1.12 0.86
Sum  -3.81 0.01 286 0.12 278 0.83 214 282

2 In ppm. See Eq. (S1).
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Table S12: Computational rovibrational contributions e 3C nuclear shielding

anisotropy{Aag;)T, atT = 300 K for CHgX (X = 1°F, 35CI, 7°Br, 127)).2

CHgsF CHsClI CH3Br CHgl
NR  BPPT NR  BPPT NR  BPPT NR  BPPT
(0oy)T -2.28  -0.02 -1.65 -0.12 -1.84 -0.82 -1.85 -2.64
(boy)T  0.06  0.00 -0.12  0.01 0.11 -0.04 022 -0.21
(hog)T 130 -0.01 1.66 -0.05 1.55 -0.27 1.57 -0.71
(bop)T  -0.03  0.00 0.07 -0.01 0.12 -0.04 0.15 -0.17
(Aoi)T  -0.01 0.00 0.00 0.00 0.01 0.00 0.02 -0.01
(hoyz)T  0.02  0.00 0.03 0.00 0.03 0.01 0.03 0.02
(Do) 0.17  0.00 -0.74  0.02 -0.98  0.10 -1.33  0.28
(Dos)T  -0.24  0.00 -0.11  0.00 -0.07  0.19 -0.03 057
(hozg)T  0.60  0.00 0.44 -0.02 0.40 -0.12 0.41 -0.40
(Doga)T  -0.79  0.00 -0.49  0.02 -0.43 0.1 -0.35 0.28
(Aogs)T  0.00  0.00 0.00 0.00 0.00 0.00 0.00 -0.01
(Doge)T  0.07  0.00 -0.01  0.00 -0.04 -0.01 -0.07 -0.03
(hoss)T 351 0.01 3.06 0.01 2.94 0.03 270  0.10
(Dose)T  0.04  0.00 0.03  0.00 0.02 0.00 0.02 0.01
(Doge)T  -2.43  0.00 -3.36  -0.05 -3.76  -0.27 -4.27  -0.99
Sum -0.01 -0.02 -1.17  -0.19 -1.94 -1.15 281 -3.93

2 In ppm. See Eq. (S1).
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Table S13: Computational rovibrational contributionstietH nuclear shielding con-

stant,(a;)T, atT = 300 K for CHsX (X = °F, 35Cl, 79Br, 127)).2

CHsF CH3C| CHs3Br CHgsl
NR BPPT NR BPPT NR BPPT NR BPPT
(a1)T -0.55 0.00 -0.58 0.01 -0.66 0.02 -0.68 0.05
(a)T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(a3)T -0.01  0.00 -0.01 0.00 -0.01  0.00 -0.02 0.00
(o12)" 0.01  0.00 0.02 0.00 0.02 0.01 0.03 0.02
(o127 0.00 0.00 000 000 -001 000 -001 0.0
(o13)" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(02T 0.01 0.00 0.02 0.00 0.03 -0.01 0.04 -0.03
(023)" -0.02 0.00 -0.02 0.00 -0.03  0.00 -0.03 0.00
(03T 0.03 0.00 0.04 0.00 0.05  0.00 0.06 -0.03
(O4asa)’ 0.09  0.01 0.11 0.00 0.12 0.01 0.13  0.00
(0sasa)T  0.00  0.00 0.00  0.00 0.01  0.00 0.01  0.00
(Os6a)T 0.01  0.00 0.01  0.00 0.01 0.00 0.01 0.00
(Osasa)T  -0.13  0.00 -0.11  0.00 -0.11  0.00 -0.10 0.01
(Osa6a)7  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
(Ogaa)?  -0.11  0.00 -0.13  0.00 -0.16 0.01 -0.18 0.05
(Ogpap)T  0.00  0.00 0.01  0.00 0.01 0.00 0.01 -0.01
(Oapsp)T  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
(Oapep)T  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
(Ospsp)T  -0.05  0.00 -0.05 0.00 -0.05 0.00 -0.05 0.01
(Ospp)T  0.02  0.00 0.02 0.00 0.02 0.00 0.02 -0.01
(Ospep)T  0.06  0.00 0.10 0.00 0.13  0.00 0.16 -0.03
Sum -0.63 0.01 -0.58 0.01 -0.62 0.04 -0.59 0.04

a In ppm. See Eq. (S2).
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Table S14: Computational rovibrational contributions be tH nuclear shielding
anisotropy{Aa;)T, atT = 300 K for CHsX (X = 1°F, 35CI, 7°Br, 127)).2

CHsF CHsCl CH3Br CH|
NR BPPT NR BPPT NR BPPT NR BPPT
(o)™ 029 000 -019 000 -024 -001 -022 -0.03
(Aa)T 0.01  0.00 0.00  0.00 0.00  0.00 0.00 0.00
(Aos)T  -002 000  -004 000  -004 -001  -006 -0.01
(Ao1)T  0.08  0.00 0.05 0.00 0.07 -0.01 0.07 -0.02
(Ao1)T 001 0.00 0.00 0.00 0.01  0.00 0.01 0.00
(Aoy13)T  -0.01  0.00 0.00 000 -0.01 000 -0.01 0.00
(Ao)T  0.03  0.00 0.02  0.00 0.04 001 -0.02 0.05
(Ao3)T  0.03  0.00 0.04 0.00 0.03 0.00 0.07 -0.01
(Aoss)T  -005 000  -007 000 -005 001 -0.12 0.05
(AO4asa)T  0.04  0.00 0.01  0.00 0.00 000 -0.02 0.02
(AOsesa)T -001 000  -001 000 -001 000  -001 0.00
(AOsea)” -001 000  -001 000 -002 000 -002 0.00
(AOss)T  0.03  0.00 0.0l 000 -0.01 0.00 0.00 -0.02
(AOsea)T  0.02  0.00 0.01  0.00 0.01  0.00 0.01  0.00
(AOgaea)T  0.11  0.00 0.23  0.00 0.30 -0.02 0.33 -0.07
(AOupap)T  0.00  0.00 0.00  0.00 0.00 000 -0.01 0.01
(AOasp)T  0.00  0.00 0.00  0.00 0.00  0.00 0.00 0.00
(AOapep)T  0.00  0.00 0.00 000 -001 000 -0.01 0.00
(AOspsp)T  0.05  0.00 0.06  0.00 0.05 0.00 0.07 -0.01
(Aospep)T -0.03  0.00  -003 000 -003 000 -003 0.01
(Aogep)T -0.04 000  -0.12 000 -013 001  -0.20 0.05
Sum 005 000 -006 000 -003 -001  -0.16 002

a In ppm. See Eq. (S2).
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