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Details to solve RISM integral equation with dual solvent box protoolTo obtain the solvent spatial distribution, g�(r), in equilibrium with the solute eletroniand nulear strutures, the solute-solvent 3D-RISM equation is given, as follows:~�(x)� (k) = ~h(x)� (k)� ~(x)� (k); (S1)~�(x)� (k) = XÆ ~(x)Æ (k) ~HV VÆ� (k)� ~(x)� (k); (S2)~HV VÆ� (k) � ~!VÆ�(k) + �V ~hV VÆ� (k); (S3)where the supersript (x) represents (f) and (n); see Eqs. (8) and (9) in the main text.The tilde denotes the quantity in reiproal spae. The !V is the solvent intra-moleularorrelation funtion and the hV V is the solvent-solvent total orrelation funtion obtained bysolving the solvent-solvent 1D-RISM equation. To solve the solute-solvent total orrelationfuntion, h�(r), one more other losure relation is needed. In the present alulations, weused the Kovalenko-Hirata (KH) losure,(x)� (r) = 8<: exp h��u�(r) + �(x)� (r)i� �(x)� (r)� 1 for ��u�(r) + �(x)� (r) < 0��u�(r) for ��u�(r) + �(x)� (r) � 0 ; (S4)where � is 1=kBT , where kB and T are Boltzmann onstant and temperature, respetively.The u�(r) is the interation potential between the solute moleule and solvent site �:u�(r) = qV� (X�� D��V ES�� (r) +Xb Zbj r�Rb j) + uLJ� (r); (S5)where Zb is the nulear harge on solute site b and uLJ� (r) is the Lennard-Jones (LJ) inter-ation between the solute moleule and the solvent site �.From the numerial point of view, Eqs. (S2) and (S4) are not diretly solved by the usualproedure applied in the RISM method. Instead of Eqs. (S2) and (S4), we usually remove thelong-range Coulomb potential from the diret orrelation funtion and interation potential,as follows: s (x)� (r) = (x)� (r)� �l�(r); (S6)�s�(r) = ��u�(r)� �l�(r); (S7)where �l� is the long-range Coulomb potential for the solvent site �,�l�(r) = ��qV� Xb (Qb + Zb) erf(� j r�Rb j)j r�Rb j : (S8)S3
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By using the short-range parts of (x)� and ��, Eqs. (S2) and (S4) an be onverted to thefollowing onvenient form,~�(x)� (k)=XÆ ~s (x)Æ (k) ~HV VÆ� (k)� s (x)� (k); (S9)s (x)� (r)=8<: exp[�(x)� (r) + �(r) + �s�(r)℄� (�(x)� (r) + �(r)) + 1 for d(x)� (r) < 0�s�(r) for d(x)� (r) � 0 ; (S10)where ~�(k) = �4��(XÆ qVÆ ~HV VÆ� (k))( Xb=1;nu Qb + Zbk2 eik�Rb�k2=4�2) ; (S11)d(x)� (r) = �(x)� (r) + �(r) + �s�(r): (S12)In Eqs. (S9) and (S10), the numerial error oming from the 3D fast Fourier transform (3D-FFT) algorithm beomes negligible, beause the damping parameter � rapidly dereasesthe short-range funtion, s (x)� , in omparison with the box size of solvents. To solve the�(x)� and the s (x)� , it is onvenient to provide the �(r) at a ubi grid of 2N0 points/axiswith the spaing by L0=2. In the neutral system, the �(r) an be easily evaluated by the3D-FFT algorithm, beause the ~�(k) beomes zero value at k = 0. On the other hand,in the harged system, the ~�(k) beomes non-zero value at k = 0. To avoid the non-zerovalue problem of ~�(k) at k = 0, the ~�(k +�k=2) was usually evaluated at the reiproalgrid spae with spaing by �k and onverted to the �(r) by the 3D-FFT algorithm. Thismeans that the ~�(k) at k = 0 was interpolated with sine and/or osine funtions.In the present alulation based on the in�nite dilution approximation of one hargedsolute, we an redue the numerial error in the above evaluation of �(r) by dividing the�(k) in Eq. (S11) into two terms, as follows:~�(k) = �4��(XÆ qVÆ ~HV VÆ� (k))(qUtotk2 e�k2=4�2 + Xb=1;nu+1 Qb + Zbk2 eik�Rb�k2=4�2) ; (S13)where qUtot represents the total harge of solute moleule. Qnu+1 and Rnu+1 are taken tobe �qUtot and 0, beause the moleular enter of solute, �R, is pratially taken as 0 in thepresent 3D-RISM alulation; see Eqs. (10) and (11) in the main text. In Eq. (S13), due tothe harge neutrality of system, the seond term an be onverted by the 3D-FFT algorithmwithout the non-zero value problem at k = 0. Also, the �rst term an be onverted by theS4

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013



1D-FFT algorithm with a very �ne grid spaing and a very large number of grids, leadingto the numerially improved alulations of (x)� (r) and h(x)� (r).As a result, Eqs. (8) and (9) in the main text an be evaluated in the onvenient forms,as follows:�(r) = Sw(r)s (f)� (r) + (1� Sw(r))s (n)� (r)� �l�(r); (S14)h�(r) = Sw(r)�s (f)� (r) + �(f)� (r)�+ (1� Sw(r))�s (n)� (r) + �(n)� (r)�+ �(r): (S15)This dual solvent box protool an eÆiently redue both CPU time and memory usagewithout the loss of auray, as shown in Supporting Information Tables S1 and S2.It is noted that the multi solvent box protool an be easily implemented by newly addingthe di�erent size of the solvent box to the dual solvent box protool but the box length of thesmallest one must be neessarily taken to be long enough to suÆiently damp the short-rangeterms of s (f)� (r) and �(f)� (r).
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Comparison of free energy pro�le between 3D-RISM-SCF and PCM methodsAs shown in Figures 1 snd S1, the alulated free energies of RS and IS were not largelydi�erent between the 3D-RISM-SCF-RHF/MP2 and PCM/MP2 methods; the free energiesof RS� and IS� were alulated to be about 1 to 2 kal/mol more stable in the 3D-RISM-SCF-RHF/MP2 alulation than in the PCM/MP2 alulation. The alulated free energiesof TS and PS were, however, onsiderably di�erent between the 3D-RISM-SCF-RHF/MP2and PCM/MP2 methods; these values alulated by the 3D-RISM-SCF-RHF/MP2 methodare about 7 to 10 kal/mol higer than those alulated by the PCM/MP2 method.To make lear the origin of this di�erene in the alulated ativation barrier betweenthe 3D-RISM-SCF-RHF/MP2 and the PCM/MP2 methods, the free energy omponents areompared in Table 1 of the main text. In Table 1, the geometry relaxation energy, Erelax,was alulated to be somewhat larger in the 3D-RISM-SCF-RHF/MP2 alulation thanthe PCM/MP2 one, reeting the tendeny that the solute geometry optimized by the 3D-RISM-SCF-RHF/MP2 method hanges more largely than that optimized by the PCM/MP2method does, when going from gas phase to aqueous phase. However, this geometry relax-ation does not onsiderably inuene the free energy pro�le in aqueous phase. On the otherhand, the eletroni reorganization energy, Ereorg, tends to derease the ativation free en-ergy in aqueous phase but this ontribution is apparently smaller than that of the solvationfree energy, ��, whih signi�antly inreases the ativation free energy and reation freeenergy in aqueous phase.In partiular, both two methods provide the solvation free energy, ��, in the followingorders: RS� > IS� > PS� > TS� and IS� > RS� > TS� > PS�. In phenyl �-D-gluoside, the ativation free energy and the reation free energy were alulated to be higherby the 3D-RISM-SCF-RHF/MP2 than the PCM/MP2, by 8.1 kal/mol and 5.8 kal/mol,respetively. In phenyl �-D-gluoside, the orresponding values were also alulated tobe higher by the 3D-RISM-SCF-RHF/MP2 than the PCM/MP2 by 8.2 kal/mol and 8.5kal/mol, respetively. As a result, the ativation free energy and the reation free energyare higher in the 3D-RISM-SCF-RHF/MP2 than in the PCM/MP2 but the tendeny ofthe higher reativity of the �-anomer beomes somewhat smaller in the 3D-RISM-SCF-RHF/MP2 than in the PCM/MP2. These di�erent features of the free energy pro�lesbetween two methods mainly arise from the auray of the evaluation of solvation freeS6
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energy, ��; remember that the solvation e�et by hydrogen bond is onsiderably involvedin the present reation and that the RISM-SCF method an desribe the solvation e�et byhydrogen bond but the PCM does not well.
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Comparison of solvation e�ets between 3D- and 1D-RISM methods.From the viewpoint of the RISM theory, it is interesting to ompare the alulated sol-vation free energy between the 3D- and 1D-RISM-SCF methods. Beause the pure pointharge approximation for the whole region gave rise to the failure in the SCF-onvergeneof the 1D- and 3D-RISM-SCF alulations for this reation, the �� and ��LRA valuesin both of the 3D-RISM and the 1D-RISM methods with the point harge approximation(hereafter denoted as 3D-RISM(PCA) and 1D-RISM(PCA)) were evaluated by using theonverged ESP harges whih are self-onsistently determined by the present 3D-RISM-SCF-RHF alulation. [1℄ The �� and ��LRA values are di�erent between the 1D-RISMand 3D-RISM(PCA) alulations, but the relative values to IS� are similar between thesetwo alulations, interestingly; see Table S2 for the �� and ��LRA energy hanges by the3D-RISM-SCF and 3D-RISM(PCA) alulations. These results indiates that the approahbased on the pure point harge approximation is reliable semi-quantitatively at least andhene this point harge approximation an be reasonably applied to analysis of solvatione�et.Table S2 exhibits four important results: (i) The solvation free energy evaluated by the3D-RISM-SCF method with the dual solvent boxes, [0.5 �A, 128 points/axis℄ and [0.25 �A,128 points/axis℄, is almost the same as that evaluated by the 3D-RISM-SCF method withonly a single �ne solvent box, [0.25 �A, 256 points/axis℄, where the deviation is less than 0.1kal/mol. This means that the �ne grid spaing is not neessary to desribe the solvationstruture in the region distant from the solute and that the present dual solvent box pro-tool pratially well works. (ii) The alulation with the normal solvent box [0.5 �A, 128points/axis℄ provides moderately di�erent solvation free energy from that with the �ne sol-vent box [0.25 �A, 256 points/axis℄, where the di�erene is less than 0.6 kal/mol. This resultsuggests that the geometry optimization with a single solvent box, [0.5 �A, 128 points/axis℄,appropriately works in general but the present method with the dual solvent boxes muhbetter works. (iii) The solvation free energy evaluated by the 1D-RISM(PCA) alulationis about 25 kal/mol smaller than that evaluated by the 3D-RISM(PCA) alulation. How-ever, the solvation free energy alulated by the 1D-RISM(PCA) hanges in almost the samemanner as that by the 3D-RISM(PCA) method when going from RS to PS. (iv) The linearresponse solvation free energy, ��LRA, mostly hanges in parallel with the solvation freeS8
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energy, ��, indiating that the deomposition analysis of the linear response solvation freeenergy in Setion 4.4 of the main text presents reasonable results.In the 1D-RISM-SCF-RHF method, the solvation free energy an be easily deomposedinto the ontributions from the individual solute sites, as follows:��1D =Xb ��1Db = �V� Xb;� Z dr4�r2�12h2b�(r)�(�hb�(r))� b�(r)� hb�(r)b�(r)� :(S16)where the KH losure is used in Eq. (S16) to ompare the solvation free energy betweenthe 1D-RISM and 3D-RISM methods. This deomposition of solvation free energy an bestraightforwardly performed in other di�erent expressions of solvation free energy suh asGaussian utuation (GF) and hyper-netted hain (HNC). [2,3℄ The hanges of the 1D-RISM solvation free energy, ��1D, and its omponents, f��1Db g, are shown in SupportingInformation Table S3. As shown in Table S3, the ��1D energies of the reative sugar moietiesand the phenoxyl groups are muh more destabilized than the ��LRA but that of the solvent-exposed moiety is more stabilized than the ��LRA. Despite of these di�erenes, the energyomponent, f��1Db g, hanges through the reation in a similar manner to the ��LRA, asdisussed in Setion 4.5 of the main text. This means that the 1D-RISM method is alsouseful to suessfully make analysis of solvation e�et with the solute eletroni strutureonverged by the present 3D-RISM-SCF alulation.[1℄ : The omparison between the 1D- and the 3D-RISM-SCF methods an be madeonly with the PCA proedure, beause the 1D-RISM-SCF method an not employ the ESPdiretly evaluated with the solute wave funtion; remember that the ESP used in the 1D-RISM must be averaged over the orientation around the individual solute sites.[2℄ : S. J. Singer and D. Chandler, Mol. Phys. 1985, 55, 621.[3℄ : D. Chandler, Y. Singh, and D. M. Rihardson, J. Chem. Phys. 1984, 81, 1975.
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Solvation around the O1 and O5 atoms in RS� and RS�In Table 3 of the main text, the ��LRA energies of O1 and O5 atoms exhibit the tendenyof the larger stabilizing solvation of the �-anomer. The ratios of O1 and O5 ESP hargesin RS� to those in RS�, qESPO1�=qESPO1� and qESPO5�=qESPO5�, are alulated to be 0.98 and 1.12,respetively. The extent of the larger ��LRA stabilization energies of the O1 and O5 atomsin the �-anomer is not suÆiently explained by this solute harge di�erene, indiatingthat the mirosopi solvation di�erene between two anomers must ontribute to the largerstabilizing solvation free energy of the � anomer. To understand this feature in view ofmirosopi solvation struture, we wish to ompare here the di�erene in the solvationaround the O1 and O5 atoms between RS� and RS�.The solvent radial distribution around the O1 atom learly indiates that the Hw site ofwater tends to more favorably approah the O1 atom of RS� than that of RS�, as shown inFigure 5 of the main text. This is beause the intra-moleular O2-H� � �O1 hydrogen bondexists in RS� and this prevents the Hw site of water from approahing the O1 atom ofRS�; see Figure 1 of the main text. As a result, the eletrostati interation between thenegatively harged O1 atom and the positively harged Hw site more largely stabilizes RS�than RS�, as shown in Table 3.On the other hand, the solvent radial distribution around the O5 atom exhibits theinteresting di�erene between two anomers, as shown in Figure 5 of the main text. In RS�and RS�, the O5 atom is similarly exposed to the solvent, indiating that the �rst solvationshell of water solvent around the O5 atom is not largely di�erent between two anomers.However, Figure 5 indiates that the Ow-interating solvation, where the Ow site of wateris loser to the O5 atom than the Hw site is, inreases more largely at the region, about3.0 �A, of RS� than that of RS�. Judging from the distane (3.0 �A) between the O5 atomand the Ow-inreasing region, this Ow-inreasing region does not orrespond to the watersolvent interating with the O1 atom through the Hw-O1 hydrogen bond. To larify whatis this Ow-inreasing region around the O5 atom, we ompared the solvent spatial solvationstruture of the Ow site between RS� and RS�, as shown in Supporting Information FigureS3. Interestingly, the Ow site of water in RS�, whose Hw site interats with the phenylmoiety in the diretion of the � orbital of the phenyl group, is loser to the O5 atom thanthat in RS�, leading to the larger destabilization of the �-anomer.S10
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As a result, these solvation strutures around the O1 and O5 atoms more largely stabilizesRS� than RS� but does not ompensate the larger stabilizing solvation free energy of RS�,whih arises mainly from the solvation around the O3 atom, as disussed in the main text.
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Reason for larger stabilizing solvation of the phenyl moiety of IS� and TS�As shown in Table 3 of the main text, the ��LRA energy of the phenyl moiety learlybeomes lower in IS� and TS� than in IS� and TS�, respetively. To make lear the reasonfor this di�erene in solvation of the phenyl moiety, we investigated the solvation features ofthe isolated phenoxyl moiety in aqueous phase. To this aim, we optimized the geometry bythe 3D-RISM-SCF-DFT method with the B3LYP funtional and alulated the solvationstruture around the phenoxyl moiety, as shown in Supporting Information Figure S6.The spatial distribution funtion of the solvation free energy, ��SDF(r), indiates that theHw site of water interats with the phenyl group in the diretion of the � orbital of the phenylgroup; see Figure S6. The ��LRA energy of the phenyl moiety, however, indiates that thewater moleules around the phenyl moiety entirely ontributes not to the stabilization butto the destabilization by about 8 kal/mol. To inspet the position of the water in the �rstsolvation shell, the solvent distribution funtions of the Hw and Ow sites along the � orbitalof phenyl group are ompared. As shown in Figure S7, the Hw site of water in the �rstsolvation shell is distant from the moleular plane of the phenyl group by about 2.0 �A andthe Ow site is distant by about 3.0 �A.Comparing the solute onformation between the �- and the �-anomers in Figure 1 of themain text, the H atom of the C2-H moiety is lose to the moleular plane of the phenylgroup by about 3 �A in IS� and TS�. In other words, the H atom of the C2-H moiety ofIS� and TS� exists near the �rst solvation shell of water solvent along the � orbital of thephenyl group. Judging from the distane between the H atom of the C2-H moiety and themoleular plane of the phenyl group, the short-range LJ interation between the H atom ofthe C2-H moiety and water solvent ontributes to the derease of the destabilizing solvationof the phenyl group by the Ow site of water. Atually, in IS and TS, the solvent radialdistribution funtion around the moleular enter of the phenyl group beomes lower in the�rst solvation shell of the �-anomer than that of the �-anomer; see Supporting InformationFigure S8. As a result, the H atom of the C2-H moiety of IS� and that of TS� an preventthe Ow of water solvent from unfavorably approahing the � orbital region of the phenylgroup, leading to the larger stabilizing solvation of the �-anomer.
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Table S1: Comparison of 3D-RISM-SCF omputational ost between single and dual solvent boxprotools.a 3D-RISM-SCF[1n℄b 3D-RISM-SCF[2℄ 3D-RISM-SCF[1f ℄dBox Single box Dual boxes Single boxwith normal grid with �ne gridQuality Low Similar to [1f ℄e High1 CPU 6 CPUs 1 CPU 6 CPUs 1 CPU 6 CPUsCPU time (minute) in gas phase energy termsOne-eletron Cal. 0.0 0.0 0.0 0.0 0.0 0.0Two-eletron Cal. 0.0 0.0 0.0 0.0 0.0 0.0Fok Cal. 1.5 0.3 1.5 0.3 1.5 0.3RHF Cal. 27.0 4.5 27.0 4.5 27.0 4.5CPU time (minute) in gas phase gradient termsOne-eletron Cal. 0.0 0.0 0.0 0.0 0.0 0.0Two-eletron Cal. 5.5 0.9 5.5 0.9 5.5 0.9CPU time (minute) in 3D-RISM alulation /(one RISM-yle)ESP Cal. 8.9 1.5 21.5 3.6 71.0 11.7Hessian Cal. (NR/PC) 12.3 2.4 13.1/17.2f 2.7/3.6 185.6 32.5Solve 3D-RISM (KH) 7.2 1.8 7.3/11.8f 1.8/3.0 120.1 27.2Additional Fok Cal. 9.0 1.5 53.8 9.1 73.3 12.2CPU time (minute) in additional gradient termsRys term Cal. 89.9 15.0 208.1 39.2 781.1 129.3PCA term Cal. 2.4 0.5 2.4 0.5 2.4 0.5Total /(one optimization step)CPU time (minute) 796.8 188.1 1564.5 365.1 3744.6 823.4CPU memory (GB) 2.0 8.1 2.4 10.5 9.6 40.7aRS� was alulated by the 3D-RISM-SCF-DFT(B3LYP) with 6-31G(d) basis sets.bWith a single box, [0.5 �A,128 points/axis℄.With dual boxes, [0.5 �A,128 points/axis℄ and [0.25 �A,128 points/axis℄.dWith a single box, [0.25 �A,256 points/axis℄.eThe quality of 3D-RISM-SCF[2℄ is lose to that of 3D-RISM-SCF[1f ℄; see Table S2.fThe former value is for a large box and the latter is for a small box.S13
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Table S2: Dependene of solvation free energy on omputational levels of RISM theorya.RS� IS� TS� PS� RS� IS� TS� PS�(A) Solvation free energy, ��3D-RISM-SCF[2℄b -49.8 -48.7 -32.2 -37.4 -46.6 -52.9 -33.7 -31.5(3.1)f (4.2) (20.7) (15.5) (6.3) (0.0) (19.2) (21.4)3D-RISM-SCF[1f ℄ -49.8 -48.7 -32.2 -37.4 -46.6 -52.9 -33.7 -31.5(3.1) (4.2) (20.7) (15.5) (6.3) (0.0) (19.2) (21.4)3D-RISM-SCF[1n℄d -50.1 -49.3 -32.3 -37.6 -47.0 -53.0 -33.7 -32.0(2.9) (3.7) (20.7) (15.4) (6.0) (0.0) (19.3) (21.0)3D-RISM[2℄(PCA)b;e -56.6 -55.2 -38.7 -43.2 -53.4 -59.1 -39.5 -36.7(2.5) (3.9) (20.4) (15.9) (5.7) (0.0) (19.6) (22.4)1D-RISM(PCA)e -30.0 -29.5 -14.3 -19.6 -29.0 -32.6 -13.4 -10.1(2.6) (3.1) (18.3) (13.0) (3.6) (0.0) (19.2) (22.5)(B) Linear response solvation free energy, ��LRA3D-RISM-SCF[2℄b -108.7 -106.9 -91.3 -96.9 -105.7 -111.7 -93.2 -91.6(3.0) (4.8) (20.4) (14.8) (6.0) (0.0) (18.5) (20.1)3D-RISM-SCF[1f ℄ -108.7 -106.9 -91.3 -96.9 -105.7 -111.7 -93.2 -91.6(3.0) (4.8) (20.4) (14.8) (6.0) (0.0) (18.5) (20.1)3D-RISM-SCF[1n℄d -109.0 -107.5 -91.6 -97.3 -106.1 -111.7 -93.2 -92.1(2.7) (4.2) (20.1) (14.4) (5.6) (0.0) (18.5) (19.6)3D-RISM[2℄(PCA)b;e -112.4 -110.6 -95.1 -100.3 -109.5 -114.7 -96.8 -95.1(2.3) (4.1) (19.6) (14.4) (5.2) (0.0) (17.9) (19.6)1D-RISM(PCA)e -126.1 -124.6 -110.3 -114.5 -124.2 -129.4 -111.0 -107.3(3.3) (4.8) (19.1) (14.9) (5.2) (0.0) (18.4) (22.1)Unit is kal/mol.aKH Closure was employed to solve the solute-solvent RISM integral equation.bWith dual boxes, [0.5 �A,128 points/axis℄ and [0.25 �A,128 points/axis℄.With a single box, [0.25 �A,256 points/axis℄.dWith a single box, [0.5 �A,128 points/axis℄.eCalulated with point harges evaluated by 3D-RISM-SCF[2℄; see also page S8-S9.f In parentheses are di�erenes from IS� .
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Table S3: Changes of 1D-RISM solvation free energy omponents, ��1Db , at several important sitesb. site b RS� IS� TS� PS� RS� IS� TS� PS�total -30.0 -29.5 -14.3 -19.6 -29.0 -32.6 -13.4 -10.0Sugara -44.0 -39.6 22.3 36.8 -39.7 -45.8 10.7 46.3ComponentO5 -35.4 -29.6 -8.9 -24.9 -42.6 -37.9 -19.1 -24.5O2-H -23.6 -23.4 -11.4 -15.0 -25.6 -122.4e -90.3 -22.1O3-H -22.9 -110.0 -13.1 -17.8 -16.1 -26.8 -23.2 -23.3O4-H -105.9 -26.0 -21.4 -15.2 -104.4 -19.3 -13.7 -17.9O6-H -24.7 -14.4 -78.9 -24.8 -24.4 -9.9 -5.6 -3.9Othersb 168.5 163.8 156.1 134.5 173.4 170.5 162.5 130.3Phenoxyl 14.1 10.0 -36.6 -56.4 10.8 13.2 -24.1 -56.4ComponentO1 -25.6 -30.7 -75.1 -101.1 -28.7 -16.2 -55.4 -97.1Phenyld 39.7 40.7 38.5 44.8 39.5 29.4 31.3 40.7Unit is kal/mol.aAll atoms on the sugar group exept for the O1 atom.bAll remaining moieties onsisting of the sugar ring.All atoms on the phenoxyl group.dAll atoms on the phenyl group.eBold type represents the oxyanion (or oxygen) without neighboring H.
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Sheme S1: Three divided regions around solute. Regions I, II and III are inner, swithingand outer regions, respetively. �R is the enter of solute.
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Figure S1: PCM/MP2-alulated free energy pro�les of rate determining step of levogluosanformation at 373.15 K. Red and green lines represent phenyl �- and �-D-gluoside, respetively.In parentheses are free energy hanges without zero point energy, thermal energy, and entropy.
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(a) 3D-RISM-SCF-RHF/SCS-MP2-alulated free energy in aqueous phase.

-5

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

RS IS TS PS

F
re

e
 e

n
e

rg
y
 [
k
c
a

l/
m

o
l]

0.0 (0.0)

6.2 (5.5)

16.8 (19.0)

42.3 (44.0)

-0.3 (-0.2) 0.0 (0.0)

32.9 (34.1)

-3.6 (-1.4)

α-anomer

β-anomer

9.4
(9.9)

difference

(b) SCS-MP2-alulated free energy in gas phase.
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Figure S2: Free energy pro�les of rate determining step of levogluosan formation reation inaqueous and gas phases at 373.15 K. Red and green lines represent phenyl �- and �-D-gluosides,respetively. In parentheses are free energy hanges without zero point energy, thermal energy, andentropy. Calulated with (a) the 3D-RISM-SCF-DFT/B3LYP-optimized geometry and (b) the gasphase geometry. S19
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Figure S3: Spatial distribution funtion of the solvent Ow site in RS� and RS�. Left is RS�.Right is RS�. Surfae is plotted at gOw(r) = 2:5.
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Figure S4: Hydrogen bonding strutures and 3D-RISM-SCF-RHF/MP2-alulated free energyomponents of bridging water. Left is phenyl �-D-gluoside. Right is phenyl �-D-gluoside. Ge-ometry of water was optimized by the 3D-RISM-SCF-DFT/B3LYP method with �xed geometryof phenyl �- and �-D-gluosides optimized in Figure 3. The Esolute of RS� is taken as standard.Unit is �A.
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Figure S5: Spatial distribution funtion of the solvent Hw site in IS� and IS�. Left is IS�. Rightis IS�. Surfae is plotted at gHw(r) = 2:0.
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(a) Solvent spatial distribution funtion, g�(r).
phenyl O phenyl O

Hw Ow

(b) Spatial distribution of linear response solvation free energy, ��SDF(r).
phenyl O

∆µ =

∆µ       =LRA -100.4 kcal/mol

O :  -108.1 kcal/mol

phenyl :  +7.7 kcal/mol
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Figure S6: Solvation of the isolated phenoxyl moiety in aqueous phase. (a) Left is gHw(r)=1.5.Right is gOw(r)=2.4. (b) Blue and purple surfaes orrespond to the stabilization and destabiliza-tion regions, respetively. Surfae is plotted for j ��SDF(r) j� 1:0 kal/(mol��A3).
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