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S1. Cartesian coordinates and single point energies
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E=-2541.699427003219 Hartree
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0.52168500
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-0.97435300
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2.23175700
0.46965100
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0.33081000
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0.83850200
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1.37686200
-0.86639000
-0.25166000
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-1.25872600
1.47765900
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Cl 1.47206200 2.07584800 1.16412400
Cl 0.12414800 1.19138500  -1.80354300
Cl 3.25765000  -0.00028200  -0.96999600
Cl 0.48637300  -2.06449900 -1.02177700
Cl 1.84409400  -1.20779900 1.95829600
ts1-b
E =-3700.056312908652 Hartree
Sb -0.11756000  -0.14904600 0.95528600
F -0.40960500 0.87522000 2.56620700
Cl -0.51854100 2.01482900  -0.20506300
C 0.19330300 3.94378500 1.62335800
Cl 1.60236900 3.23667000 2.11987900
Cl 0.24688000 5.12735400 0.43990200
Cl -1.17373900 3.80695700 2.55724200
F 1.71057600 0.45194000 1.06204900
Cl 0.40205700  -2.06048200 2.21682600
Cl -2.44086700  -0.60717600 0.85927600
Cl 0.33078100  -1.14870500  -1.14087400
ts2-b
E =-3700.058820847599 Hartree
Sb -0.22120400 0.32676100 1.02575600
C 0.39294700 4.01383600 1.16206900
Cl 1.86271400 3.70406900 0.43213700
Cl -0.69879200 5.00746200 0.36094800
Cl 0.27752900 3.88811600 2.82372800
F 1.31150600 1.00234400 1.97673500
F -0.56755900 2.32918900 0.65820800
Cl -1.46867400 0.66640200 3.01298700
Cl -2.18794400  -0.07539400  -0.22719300
Cl 0.28169700  -1.91575200 1.51227000
Cl 1.10582500 0.38693400  -0.93790900
int-b
E=-3700.060986759017 Hartree
Sb -1.06054500 0.01208800  -0.00429300
C 2.86692100 0.00805500  -0.10643700
Cl 2.65802800 1.42442600  -0.92586400
Cl 3.52095400 0.03139000 1.41807900
Cl 2.57765900  -1.43246000  -0.84869000
F 0.01654800 0.08738700  -1.61384300
F 0.67120900 0.09682200 0.94018100
Cl -0.73171100  -2.35543300  -0.05903600
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Cl
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E=-3339.701309790460 Hartree
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F
F
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F
C
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-0.27250900
0.84732600
0.43280900
1.80181600

-0.67497800
0.47467800
1.20640700

-0.66805300

-1.61162300
0.37114700

-2.11055400

E=-3339.706917028243 Hartree
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F
C
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F
F
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1.06911000
0.44750800
-2.83489000
-2.46095600
-3.47201700
-2.74232000
0.05111400
-0.64478600
1.51478200
2.99322900

-0.09287200
-0.10158100

2.38990000

-0.12752400
0.85119100
-1.70242100
2.07641100
3.92312800
3.27029100
5.14315300
3.80344700
0.41700600
-1.12571800
-0.58431500

0.33972400
0.57186200
3.98563800

3.52707300

4.98556800

3.99654200
1.00979300

2.33467100

0.48136400

-1.89036300
-0.05992400

-0.04796000
-1.56189400
0.00066600

-0.92470700
-0.70840900

1.64643000
1.02530600
-0.20957000
1.89906300
0.13377100

2.09848000
-1.28059800
0.00471800

0.96177700
2.59065700
1.94543400
-0.17332000
1.57453500
2.10710500
0.41858200
2.53565200
1.08582900
-1.12126000
0.88757100

1.11083300
-0.42286600
1.08738000
0.25085900
0.31573900
2.75968400
2.13263600
0.83594100
3.05096200
1.39497600
-0.30381000

-0.04840800
-1.06385300
-0.12219700
-1.42966400
1.23607300
-0.21644600
-1.28920900
0.90611000
1.22353300
-1.39374600



Cl 2.03788400
ts1-d
E =-2979.345756805519 Hartree
Sb 1.41685200
F 0.17685700
F 2.80172000
Cl -0.52674500
C -2.65788700
Cl -2.19383400
Cl -3.65804800
Cl -2.67468600
F 0.86782100
F 1.75107800
Cl 2.77746600
ts2-d
E=-2979.349048678541 Hartree
Sb -0.23096200
F 0.84947100
C 0.41247500
Cl 1.79816900
Cl -0.70171700
Cl 0.47018700
F 1.24943100
F -1.72973900
F -0.63827300
Cl -1.61816400
Cl 0.33240500
int-d
E=-2979.351751558531 Hartree
Sb -0.26486900
F 0.83854200
C 0.65481900
Cl 1.87838100
Cl -0.50086600
Cl 0.65523800
F 1.16045800
F -1.68266000
F -0.84759800
Cl -1.65043700
Cl 0.58424800

-1.50747800

-0.21602500
-1.66386400
-1.40124100
1.21811500
-0.04213200
-0.48845700
1.30216500
-1.19435200
0.01777100
-0.45550500
1.67991800

0.34034500
0.58040200
3.96526000
3.53197000
4.95436100
4.02299400
0.99449200
0.07049500
2.33612300
0.46691900
-1.90529800

-1.08050200
-0.74080800
2.71359500

2.01281500
3.59398700
2.67433900
-0.32657400
-1.59851000
0.77266500
-1.21648000
-3.25553500

1.53463600

-0.01243500
-0.10740100
0.48467000
-0.63690500
0.08311600
1.61925900
-0.08815500
-1.12646300
1.80592800
-1.87115700
0.07503700

1.14300300
-0.40469200
1.07436500
0.24326300

0.29112000
2.75019200
2.16981000
0.00184000
0.86921400
3.02788400
1.35043400

-0.07267100
-1.60413000
-0.15821600
-1.00393400
-0.95730400
1.49245200
0.99154500
-1.23923000
-0.30368200
1.82618400
0.11965200



tsl-e
E=-2618.990111535388 Hartree

Sb -0.05694800
F -0.33642300
F 0.20730200
F 0.24290500
Cl -0.42972200
C 0.13329100
Cl 1.59475700
Cl 0.17200900
Cl -1.21466800
F 1.78010800
F -1.92164500
ts2-e
E=-2618.993196895054 Hartree
Sb 1.31676700
F 0.78807100
F 3.03468400
C -2.33102300
Cl -2.27343400
Cl -3.17725100
Cl -2.26579400
F 0.52469800
F 1.78003400
F -0.60271800
Cl 1.66401400
int-e
E=-2618.996888679643 Hartree
Sb 1.30133600
F 0.55827500
F 2.82625400
C -2.60332800
Cl -2.30214200
Cl -3.23592300
Cl -2.40223400
F 0.35430100
F 2.07087400
F -0.34998600
Cl 2.06467400
ts3-a

E=-2258.633939687900 Hartree

-0.11687300
0.81721300
-0.84064300
-1.75455000
2.07185600
3.87672500
3.31494700
5.10902900
3.78809100
0.36569400
-0.41305200

-0.20723500
-2.02384300
-0.63122200
0.03493100
-1.49214500
0.20420300
1.37037800
-0.07359700
-0.37131600
0.14167600
2.09310100

-0.20862300
-1.96688900
-0.80899100
0.05690400
-1.44397900
0.22736400
1.38748900
0.15059900
-0.63840900
0.30555000
2.00098400

1.03170900
2.66855500
-0.69596000
1.90428700
-0.10244200
1.51598200
2.10376800
0.35988500
2.51032100
1.12348300
0.89406100

0.03825000
0.05243500
-0.61521600
-0.03755600
-0.73174400
1.41289200
-1.05960300
-1.69036900
1.86767800
0.73473500
0.09205500

0.03945200
-0.03466100
-0.91723100
-0.08752200

-0.68638200

1.43468000
-1.04273100
-1.59532300

1.72266900

0.94833700

0.14143000



Sb -1.29255200

F 0.13400500
F -2.65219300
F -2.16408000
Cl -0.07807800
C 2.70959800
Cl 2.43560800
Cl 2.84148700
F -0.29770600
F -2.19676500
F 2.87443700
ts3-b
E =-1898.275490870944 Hartree
Sb -1.09909551
F 0.27224449
F -2.38340151
-2.15948751
Cl 0.37066849
C 2.71620849
F -0.21090951
F -1.87922351
F 2.94608749
F 2.27917449
Cl 3.11424149
ts3-c
E=-1537.917497023271 Hartree
Sb -0.92156944
F 0.30251356
F -2.02271144
-1.94198044
Cl 0.54382656
C 2.77018756
F 0.23361356
F -1.95370344
F 3.05622856
F 2.97067556
F 2.46941556

0.07778700
0.36063700
-0.16203100
1.61253700
-1.79001600
0.04065000
1.64391100
-0.87429300
1.20399100
-1.02607500
-0.52953300

0.06166388
0.74230388
-0.61847812
1.58188088
-1.77505412
0.36332488
1.00932988
-0.88103112
-0.25241912
1.52444388
-0.25031712

-0.06932024
-0.83978024
0.71418676
-1.65529924
1.82822476
-0.26271424
-0.80628424
0.67641476
0.37474576
0.23414176
-1.45610824

-0.04971800
-1.32317900
1.25199400
-0.73192100
0.78722300
0.21606000
0.21080100
-1.13000500
1.15390400
-1.30348700
1.33968500

-0.03747359
-1.21614959
1.18011141
-0.39999659
0.41073341
0.33577541
1.37640641
-1.48801359
1.40379541
0.46089241
-1.11193959

-0.00095524
1.27859676
-1.32748024
0.00694576
-0.00522624
0.00387176
-1.35661224
1.40113776
-1.02076824
1.12084276
-0.08940924



S2. Linear free energy relationship between the charges on

carbon atoms with the barriers of reaction
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Figure S1. Correlation between the NPA charges of carbon atom (Cnpa) in CFyCl.x) and the free energy
of activation (AG) for the Swarts reaction. CCls deviates from the linear trend due to its distinct

mechanism. Excluding CCly, regression analysis was carried out for only three data points with a R?
equal 0.989.

S3. Strategies for Distortion/interaction activation strain analysis

Intrinsic reaction coordinate (IRC) calculations were performed for ts3-a, ts3-b and ts3-c at the level of
B3LYP-D3(BJ)/def2-TZVPP [1-4] via Gaussian 16 program [5]. The solvation model density (SMD) [6]
was used in the calculations with carbon tetrachloride as a solvent. Gradient magnitude for Damped-
Velocity Verlet (DVV) stopping criteria were turn off and fifty points were set along the reaction path in
each direction. Electronic energies were calculated for all points. The strain and interaction energy at
point {"are given by [7]:
AEgtrain (0) = (El ) -k (free)) + (Ez §) - E; (free))
AEini () = Eroral(§) — E1($) — E2(O)

where E1({) and E>(¢) indicate the electronic energies of fragment 1 and 2 at point ¢, Ei(free) and E»(free)
indicate the electronic energies of fragment 1 and 2 at free energy state and Ewmi({) indicate the total
electronic energy at point {.

Then, the total energy change at point { equals AEsuain(¢) plus AEin({):
AE({) = AEstrain(§) + AEine(9)



S4. Bond variation and energy evolution for the reaction of

CF:2Cl; and CF;Cl with SbF;s
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Figure S2. Activation strain analysis of the SbFs + CF,Cl, (a) / CF3Cl (b) reaction along the IRC. The
left y-axis shows the change of each energy composition, and the right y-axis shows the change in C-Cl,
Sb-F, Sb-Cl and C-F bond length relative to the first step. The transition state ts3-a is indicated with a

thick dot and the zero line is show in grey.

References

[1] Stephens P. J., Devlin F. J., Chabalowski C. F. and Frisch M. J., Ab initio calculation of vibrational
absorption and circular dichroism spectra using density functional force fields, J. Phys. Chem., 98 (1994),
11623-11627.

[2] Grimme S., Antony J., Ehrlich S. and Krieg H., A consistent and accurate ab initio parametrization
of density functional dispersion correction (DFT-D) for the 94 elements H-Pu, J. Chem. Phys., 132
(2010), 154104.

[3] Grimme S., Ehrlich S. and Goerigk L., Effect of the damping function in dispersion corrected density
functional theory, J. Comput. Chem., 32 (2011), 1456-1465.

[4] Weigend F. and Ahlrichs R., Balanced basis sets of split valence, triple zeta valence and quadruple
zeta valence quality for H to Rn: Design and assessment of accuracy, Phys. Chem. Chem. Phys., 7 (2005),
3297-3305.

[5] Frisch M. J., Trucks G. W., Schlegel H. B., Scuseria G. E., Robb M. A., Cheeseman J. R., Scalmani
G., Barone V., Petersson G. A., Nakatsuji H., Li X., Caricato M., Marenich A. V., Bloino J., Janesko B.
G., Gomperts R., Mennucci B., Hratchian H. P., Ortiz J. V., Izmaylov A. F., Sonnenberg J. L., Williams-
Young D., Ding F., Lipparini F., Egidi F., Goings J., Peng B., Petrone A., Henderson T., Ranasinghe D.,
Zakrzewski V. G., Gao J., Rega N., Zheng G., Liang W., Hada M., Ehara M., Toyota K., Fukuda R.,
Hasegawa J., Ishida M., Nakajima T., Honda Y., Kitao O., Nakai H., Vreven T., Throssell K.,
Montgomery Jr. J. A., Peralta J. E., Ogliaro F., Bearpark M. J., Heyd J. J., Brothers E. N., Kudin K. N.,



Staroverov V. N., Keith T. A., Kobayashi R., Normand J., Raghavachari K., Rendell A. P., Burant J. C.,
lyengar S. S., Tomasi J., Cossi M., Millam J. M., Klene M., Adamo C., Cammi R., Ochterski J. W.,
Martin R. L., Morokuma K., Farkas O., Foresman J. B. and Fox D. J., Gaussian 16, Revision A.03,
Gaussian, Inc., Wallingford CT, 2016.

[6] Marenich A. V., Cramer C. J. and Truhlar D. G., Universal solvation model based on solute electron
density and on a continuum model of the solvent defined by the bulk dielectric constant and atomic
surface tensions, J. Phys. Chem. B, 113 (2009), 6378-6396.

[7] Wolters L. P. and Bickelhaupt F. M., The activation strain model and molecular orbital theory, WIRES
Comput. Mol. Sci., 5 (2015), 324-343.



