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Figure S1. The geometric structures and the relative Gibbs free energies (G,, kJ mol!) relative to SBT-I-1 for fifteen
conformers of sorbitol in liquid solution calculated at the 6-311++g(d,p) level in sorbitol solution under 433.15K and

ambient pressure (433.15 K and 1.0 atm). For clarity, hydrogen atoms on carbon are not shown. Bond lengths are

reported in A.
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Figure S2. Optimized geometric structures and the Gibbs free energies of formation (AGs) and the coordinated
patterns of Ga** cation with OTf™ for [Ga(OTf),]>” (n=1~3) species in the sorbitol solution. For clarity, hydrogen

atoms on carbon are not shown. Bond lengths are reported in A.
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Figure S3. optimized geometric structures and the Gibbs free energies of formation (AGs, kJ mol!") of [Ga(SBT)]**

complex in the sorbitol solution. For clarity, hydrogen atoms on carbon are not shown. Bond lengths are reported in A.
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Continued from Fig.S4
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Figure S4. Optimized geometric structures and the Gibbs free energies of formation (AGs, kJ mol!) of
[Ga(SBT),]** in the sorbitol solution. (a) four-coordination [Ga(SBT),]** complexes; (b) five-coordination
[Ga(SBT),]*" complexes; (c) six-coordination [Ga(SBT),]*" complexes. For clarity, hydrogen atoms on carbon are not

shown. Bond lengths are reported in A.
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Table S1. Zero-point energies (ZPE, hartree), thermal correction to Gibbs free energy (G, hartree), total energies (£,
hartree) corrected by ZPE, sum of electronic and thermal free energies (G, hartree) with ZPE and thermal corrections,
and relative energies (E,, kJ mol™") and relative Gibbs free energies (G,, kJ mol™') relative to SBT-I-1 for fifteen

conformers of sorbitol at M06/6-311++G(d,p) level in sorbitol solution.

Species ZPE E, Gy G, E, G,
SBT-I-1 0.21938 -688.03746 0.15320 -688.10365 0.0 0.0
SBT-I-2 0.21936 -688.03765 0.15400 -688.10301 0.5 1.7
SBT-I-3 0.21936 -688.03546 0.15355 -688.10127 5.3 6.2
SBT-1-4 0.21985 -688.03570 0.15512 -688.10043 4.6 8.5
SBT-I-5 0.21970 -688.03479 0.15448 -688.10000 7.0 9.6
SBT-1-6 0.22077 -688.03425 0.15712 -688.09791 8.4 15.1
SBT-1-7 0.21804 -688.03069 0.15090 -688.09783 17.8 15.3
SBT-II-1 0.21908 -688.00718 0.15256 -688.09993 79.5 9.8
SBT-II-2 0.22018 -688.03439 0.15535 -688.09921 8.1 11.6
SBT-II-3 0.22030 -688.03407 0.15628 -688.09809 8.9 14.6
SBT-III-1 0.21750 -688.03291 0.14949 -688.10092 11.9 7.2
SBT-III-2 0.21869 -688.03326 0.15205 -688.09990 11.0 9.9
SBT-III-3 0.21757 -688.03059 0.14892 -688.09924 18.0 11.6
SBT-1V-1 0.21800 -688.02654 0.15058 -688.09396 28.7 25.4
SBT-V-1 0.21924 -688.02106 0.15453 -688.08576 43.1 47.0
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Table S2. Zero-point energies (ZPE, hartree), thermal correction to Gibbs free energy (G, hartree), total energies (E.,
hartree) corrected by ZPE, sum of electronic and thermal free energies (G, hartree) with ZPE and thermal corrections,
and relative energies (E;, kJ mol™') and relative Gibbs free energies (G;, kJ mol™) relative to Ga** and OTf~ for
[Ga(OTh), 1> (n=1, 2, 3) at M06/6-311++G(d,p) level in sorbitol solution.

Ga®t + nOTf ™ ->[Ga(0Tf),> "

A" = G[Ga(OTj?)n]3 -n nGOTi - Gcag +
Species ZPE E. Gy G, E, G,
OTf~ 0.02747  -961.53419  -0.02407 -961.58573
Ga®* 0.00000  -1923.94153  -0.02450  -1923.96603 0.0 0.0
[Ga(10-OTH)* 0.02852  -2885.67096  -0.02970 -2885.72918
(Ga(l0-OTH —OTE-  0.00105  -1924.13677  -0.00563  -1924.14345  -512.6  -465.8
(Ga(10.0-OTH 0.02867  -2885.69505  -0.02911  -2885.75283
(Ga(100-OTRH2 —OTE~  0.00120  -1924.16086  -0.00504  -1924.16710  -575.9  -527.9
[Ga(10-OTH),]* 0.05857  -3847.35874  -0.02328  -3847.44059
[Ga(10-OTf),]" — 2%OTf~  0.00363  -192429036  0.02486  -192426912 9158  -7958
[Ga(10.0- OTH),] 0.05866 ~ -3847.38914  -0.02171 -3847.46950
(Ga(10.0- OT), > — 2%0Tf~  0.00372  -192432076 002644 -192429803 9957 8717
Ga(10-0Tf), 0.08872  -4808.99900  -0.01329  -4809.10100
Ga(10-OTf), - 3*OTf-  0.00630  -192439643  0.05893  -192434380 11943  -991.8
(M0.0Th,Ga(M00-OTH) ~ 0.08861  -4809.01431  -0.01303  -4809.11595
("é-OTﬂ;SS(TZ"%"-OTf) T 000620 -1924.41174 005919 -192435875  -12345 -1031.1
(10.0THGa(l00-0T, ~ 0.08924  -4809.02160  -0.00709  -4809.11794
(UO-OTQSfé?;"-OTﬂz T 000683  -1924.41903  0.06513  -1924.36074  -1253.7  -1036.3
Ga(10.0- OT#); 0.08872  -4809.02804  -0.01016  -4809.12692
Ga(100- OTf); — 3*OTF~  0.00630  -1924.42547 006206  -192436972  -1270.6  -1059.9
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Table S3. Zero-point energies (ZPE, hartree), thermal correction to Gibbs free energy (G, hartree), total energies (£,
hartree) corrected by ZPE, sum of electronic and thermal free energies (G, hartree) with ZPE and thermal corrections,
and relative energies (E,, kJ mol™!) and relative Gibbs free energies (G,, k] mol™') relative to Ga** and SBT for
[Ga(SBT)]** (m= 1, 2) at M06/6-311++G(d,p) level in sorbitol solution.

Ga®t + mSBT-[Ga(SBT), > *

AG? =G 0 -mG2. -G ¢
[Ga(SBT)m]3+ SBT ~ M. 3+
Species ZPE E. Gy G, E; G,
SBT 0.21938 -688.03746 0.15320 -688.10365
Ga’* 0.00000  -1923.94153 -0.02450 -1923.96603 0.0 0.0
[(7)03305_SBT)G3]3+ 021872  -2612.25432 0.15012 2612.32293
[(n03305_SBT)Ga]3+_SBT -0.00066  -1924.21686 -0.00308 -1924.21928  -722.9  -664.9
No4>06. 3+ 021985  -2612.24951 0.15257 -2612.31679
I( SBT)Ga]
Noa>06. 3 0.00047  -1924.21204 -0.00063 2192421314 -710.2  -648.8
I( SBT)Ga]** — SBT
Noz2tos. 3 0.22010  -2612.28170 0.15421 -2612.34758
[( SBT)Ga]
4
[('702~"‘5-SSI;3TT)Ga]3+ 0.00071  -1924.24423 0.00101 -1924.24393  -794.7  -729.6
[(nogfoﬁ_SBT)Ga]3+ 0.22099  -2612.26406 0.15532 -2612.32973
[(n03306_SBT)Ga]3+,SBT 0.00160  -1924.22659 0.00212 -1924.22608  -748.4  -682.8
[Ga(n03?05—SBT)2]3* 0.44050 -3300.41595 0.33666 -3300.51979
2
[Ga(103,05-SBT),]** - 0.00173  -1924.34102 0.03027 -1924.31249  -1048.9  -909.6
2*SBT
2 2
[("03'05-881133%)]%("0406- 0.43955  -3300.40844 0.33425 -3300.51374
2 2
[(103.05-SBT)Ga('104.06- 0.00078  -1924.33351 0.02786 -1924.30644 -1029.2  -893.7
SBT)]** — 2*SBT
[Ga(n04?06_SBT)2]3+ 0.44023  -3300.39986 0.33818 -3300.50192
2
[Ga(”04;*:‘]531?)2]3+ - 0.00146  -1924.32494 0.03178 -1924.29462  -1006.6  -862.7
2 3
[(702,04-SBT)Ga(l02~04- 0.44332  -3300.44920 0.34567 -3300.54685
SBT)]**
2 3
[(nog'g‘;-)s]gT)gig’S?O“- 0.00455  -1924.37427 0.03927 -1924.33955  -11362  -980.7
2 3
[(102,04-SBT)Ga(103~05. 0.44207  -3300.44801 0.34105 -3300.54903
SBT)]**
2 3
[(702,04-SBT)Ga(l03~05- 0.00331  -1924.37308 0.03465 -1924.34173  -1133.0  -986.4
SBT)]** — 2*SBT
2 3
([7’02'04-SBT)G3("04~06- 0.44235  -3300.43659 0.34167 -3300.53726
SBT)]**
2 3
[(nog]‘;‘ff)s]lff)(z}:(s"];?;”"’- 0.00358  -1924.36166 0.03527 2192432996  -1103.0  -955.5
2 3
[(103.05-SBT)Ga(l02~04- 0.44158  -3300.44409 0.33885 -3300.54682
SBT)]**
2 3
[(”OZ'SST—)S]ET)%Q];??O‘*- 0.00282  -1924.36916 0.03245 -1924.33952  -1122.7  -980.6
2 3
[(703.05-SBT)Ga(103~05- 0.44165  -3300.44038 0.33972 -3300.54230
SBT)]>*
2 3
[(703.05-SBT)Ga(103~05- 0.00288  -1924.36545 0.03332 -1924.33500 -1113.0  -968.7
SBT)]** — 2*SBT
[(nofos_SBT)Ga(noﬁos_ 0.44315  -3300.43467 0.34394 -3300.53388
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SBT)JP*

2 3
[(103.05-SBT)Ga('104~06- 0.00438  -1924.35974 0.03754 2192432658 -1098.0  -946.6
SBT)J3* — 2*SBT
2 3
[(T04.06-SBT)Ga(102~04- 0.44139  -3300.43824 0.33946 -3300.54017
SBT)]3*
2 3
[(T04,06-SBT)Ga(l02~04- 0.00262  -1924.36331 0.03306 -1924.33287 -1107.4  -963.1
SBT)J** — 2*SBT
Continued from Table S3
Species ZPE E, Gy G, E. G,
[(n04?06-SBT)Ga(n03EO5-SBT)]3+ 0.44130 -3300.43239 0.33608 -3300.53761
2 3
[("04'06-SBT)23(S?:T3~05-SBT)]“ 0.00253 -192435747  0.02968  -1924.33031 -1092.0 -956.4
[(n04?06-SBT)Ga(nO4EO6-SBT)]3+ 0.44247 2330044435  0.34039  -3300.54643
2 3
[(7704'06-SBT)%E:§’}’30;~06-SBT)]3+ 0.00371 -1924.36942 0.03399  -1924.33914 -1123.4 -979.6
[(7702105-SBT)Ga(77014-SBT)]3* 0.44160 330041365  0.34096  -3300.51429
4 1
[("02NOS-SBELCS?:E];(ZO‘*-SBT)]”* 0.00283 2192433872 0.03456  -1924.30699 -1042.8 -895.2
[(Tlo3i05_SBT)Ga(7702?03_SBT)]3+ 0.44098 330043482 033773 -3300.53807
3 2
[(7703~05_SBT)2€T;(];’$2'03'SBT)]3+ 0.00221 -1924.35989 0.03133  -1924.33077 -1098.4 -957.6
[Ga(n02304_SBT)2]3+ 0.44190 330049148 034158 -3300.59179
[Ga("02304-SBT)2]3+—2*SBT 0.00313 J1924.41655  0.03518  -1924.38449  -12472  -1098.7
3 3
[(102~04-SBT) Ga(103~0s- 0.44213 -3300.47831 034202  -3300.57841
SBT)J3*
3 3
[("02~04-SBT) Ga('103~05-
SBT)J** 0.00336 2192440338 0.03562  -1924.37112  -1212.6  -1063.6
— 2*SBT
3 3
[(102~04-SBT)Ga(l04~0s. 0.44285 -3300.48157 0.34272  -3300.58170
SBT)J3*
3 3
[(102~04-SBT)Ga('l04~06- 0.00408 2192440664  0.03632  -1924.37440 S12212 -10722
SBT)J** — 2*SBT
[Ga(nogfos_SBT)z]3+ 0.44160 -3300.47326  0.34008  -3300.57478
[Ga(nosfos_SBT)z]3+_Z*SBT 0.00284 2192439833 0.03368  -1924.36748  -11993  -1054.0
3 3
[(103~05-SBT)Ga('l04~0s- 0.44310 2330046997  0.34479  -3300.56828
SBT)J**
3 3
[(103~05-SBT)Ga('104~06- 0.00433 -1924.39504  0.03840  -1924.36098  -1190.7  -1036.9
SBT)J3* — 2*SBT
[Ga(n04306_SBT)Z]3+ 0.44221 -3300.47227 034198 -3300.57250
3 0.00345 2192439734  0.03558  -1924.36521 -1196.7  -1048.0

[Ga("l04~06-SBT),]3* — 2*SBT
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Table S4. Zero-point energies (ZPE, hartree), thermal correction to Gibbs free energy (G, hartree), total energies (E.,
hartree) corrected by ZPE, sum of electronic and thermal free energies (G, hartree) with ZPE and thermal corrections,
and relative energies (E;, kJ mol™!) and relative Gibbs free energies (G, kJ mol™") relative to Ga**, SBT and OTf for
[Ga(OTD),(SBT),.]*" (n=1,2; m = 1, 2) at M06/6-311++G(d,p) level in sorbitol solution.

Ga®t +nOTf™ + mSBT—-[Ga(OTf),(SBT), > "

AGP =G 0 -n6 % -mcl.-6 ?
[Ga(oTf), (sBT), 13 ™ oTf™ SBT "3+
Species ZPE E. Gy G, E, G,
SBT 0.21938 -688.03746 0.15320 -688.10365
OTf- 0.02747 -961.53419 -0.02407 961.58573
Ga¥t 0.00000 -1923.94153 20.02450  -1923.96603 0.0 0.0
[("cl)-OTf)Ga(’lozfos-sm)]% 0.25068 -3573.93642 0.16100  -3574.02610
1 4
[(T0-0THGa("102~05-SBT) ]2 — 0.00382 -1924.36477 0.03187 -1924.33672  -1111.2 -973.2
SBT - OTf~
[(’75-OTf)Ga(’/ozfos-SBT)]% 0.25216 -3573.92595 0.16530  -3574.01282
1
[("T0- OTNGa("103~06-SBT)J>* ~ 0.00531 -1924.35429 0.03617 -1924.32343  -1083.7 938.4
SBT - OTf~
[(770%0-()Tf)Ga(rlozfos_SBT)]er 0.25053 -3573.95198 0.16252  -3574.03999
4
[("0.0- OTDHGa(102~05-SBT)>* — 0.00367 -1924.38033 0.03340 -1924.35061  -1152.1  -1009.7
SBT - OTf -
[(’70?0_ OTf)Ga(’lmioa_SBT)]H 0.25215 -3573.93721 0.16476 -3574.02460
4
[("0.0- OTfHGa(103~06-SBT)>* — 0.00530 -1924.36556 0.03563 -1924.33522  -1113.3 969.3
SBT - OTf -
né T 7102204 SBT
(-0 f)g,( o 0.47426 -4262.06017 0.35705 -4262.17737
)Ga(103~05-SBT) >
1 2
[(T0-0Tf) (10204-SBT
)Ga(n03305-SBT)]2*-2*SBT— 0.00802 -1924.45105 0.07473 -1924.38434  -1337.7  -1098.3
OTf-
o 1o. Nod
[(70.0- OTH) (S]‘;‘*T-)S]ET )Ga('04,06- 0.47400 -4262.00372 0.35546 -4262.12226
172 1’]1 n 2
[« 0";-B CT)TQ( ;iSS}?TT )%aT(f?‘*'%- 0.00776 -1924.39460 007314 -1924.32923  -1189.5  -953.6
1 )] B 2_
[(10-0Tf),Ga(102,04-SBT)]* 0.28145 -4535.54195 0.17268  -4535.65072
1 2
[(T0-OT1),Ga("10204-SBT)]* — SBT
_ 0.00712 -1924.43610 0.06762  -1924.37560  -1298.5  -1075.3
2*OTf -
[(nO%O-OTt’)zGa(noz%OAf-SBT)]* 0.28213 -4535.54119 0.17453 -4535.64879
2
[(10.0-0Tf),Ga(10204-SBT)]" 0.00780 -1924.43535 0.06948 -1924.37367  -1296.5  -1070.3
SBT — 2*OTf -
ny o o3>
[(70-OTH) ( (;']‘;-TO);DGa( 03~05- 0.28093 -4535.55419 0.16835 -4535.66677
% Mo o3>
I( O-S%TTﬂf O'SOI;(%TQ;%(T‘?OS- 0.00660 -1924.44835 0.06329  -192439165  -1330.6  -1117.5
1 )] - _4—
[(10-0Tf),Ga("102~05-SBT)]* 0.28186 -4535.55152 0.17454  -4535.65884
4
[(T0-0Tf),Ga(02~05-SBT)]* - 0.00753 -1924.44567 0.06949 2192438372 -1323.6  -1096.6
SBT — 2*OTf -
[(Ué_osza(ﬂos306_SBT)]+ 0.28239 -4535.53989 0.17483 -4535.64744
1 4
[(UO-OTQEC?(";:E)OTZ—?BT)]* 0.00806 -1924.43405 0.06978  -192437233  -1293.1  -1066.7

S10



S11



Table S5. In THF solution with both SBT and Ga(OTf); compounds, the species was characterized by ESI-MS spectra.«

Species m/z

[Ga(SBT)]** 83.67
[Ga(OTH]* 109.94
[Ga(SBT),]** 144.36
[Ga(OTH)(SBT)]** 199.98
[Ga(OTH)(SBT),J*>* 291.02
[[Ga(OTf)(SBT)]" — F]** 264.95
[[Ga(OT)(SBT)]* — 2F3* 170.30
[[Ga(OTh)(SBT)]" — 3F1** 122.98
[[Ga(SBT)]** — OH]** 58.50
[[Ga(OTf);] -F1* 496.78
[[Ga(OTf)(SBT),]** — OH]** 188.34
[[Ga(OTH)(SBT)]*" — OHJ** 127.65
[[Ga(OTf)(SBT)]*" — CF5"— OH > 248.02
[[Ga(SBT),]*" — H" — OH** 138.36
[[Ga(OTf)(SBT)]" — 6F— H*]¢* 72.32
[[Ga(OTH)(SBT))*" — F** 126.99
[[Ga(OTf)(SBT)]*" — OH]** 127.65
[(OTDH] - F] 129.95
[[Ga(OTf)(SBT),]** —40H— F]3* 70.72
[[Ga(OTf)(SBT),]*" — 5OH]™* 71.00
[[Ga(OTf)(SBT),)*" — 2H"— 60H— 2F]%* 55.00

@ ESI-MS (X500R QTOF, AB Sciex LP) spectra. The operating parameters were as follows: ionization voltage, 4.5 kV;

interface temperature, 500 °C; nebulizer gas flow, 55 psi (N,); detector voltage, 2.225 kV; continuum mode.
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Table S6. Some typical species from experimental observation of ESI-MS spectra and the density functional theory
(DFT) calculations at the M06/6-311++g(d,p), aug-cc-pvtz level.

ESI-MS MO06/6-311++g(d,p), aug-cc-pvtz
. . Relative Gibbs Free Energies
Species m/z Geometric Structure (G,. kI mol™!)

[Ga(SBT)J** 83.67 —729.6
[Ga(OTH)** 109.94 -527.9
[Ga(SBT),J>* 144.36 —-1098.7
[Ga(OTf)(SBT)]*>* 199.98 -1009.7
[Ga(OTf)(SBT),]** 291.02 —-1098.3
Ga(OTf); -1059.9
[Ga(OT1),(SBT)]* -1117.5

S13



