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Probability densities and the mapping onto potential energ space

Throughout the paper as well as this section we strictlyroiigsnate between a random variable,
which is denoted by uppercase letters, and a value it canotaklwercase letters). The random
variable transformation theorem is used to map the joinfigarational probability density, onto

its functionally dependent joint probability density faaippotential energies. Thereby molecular

positions and orientation@\ = (RN, a™), are mapped onto a vector of interaction enerdiks,
p(u) = [ deoMP(w)5(u - F(@")), (1)

The functional relatiod(u — f(wN)) contains class indicators (close contact, hydrogen-tmhnde
etc.) and the the appropriate averaging operation acaayfir the indistinguishability of pairs
within a certain class.

If we denote the solute position & the general functional expressiod@u — f (wV)) can be

written as follows.
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In the scalar case.é. densityp(Uy)) we have:

i, 0(U—U(@i, @j)) Xd(@i, @) XrB (Wi, @))TTR i Rnex (1T — Ts|)

S(u—f(wV)) = (2)
)= T GaNP(@) {5171 X @1 0)) X0 @1 07 T e[~ 5]
wherexq(Qi, Qj) is the indicator function for the distance cutoff for neamssighbors
Xd(wi, @j) = (L-H([ri—rj])), ©)

H(x) being the Heaviside function anghg(wi, ;) is the indicator function for hydrogen bonding

(which is left out in the case of non-hydrogen bonded neigéibo
XHB(wi,wj) =H(J[OH;-- ~Oj] — Imin) + H(ﬁ[OHj -+ O] = Imin), 4)

whered [OH; - - - Oj] is the angle between the OH bond of the donor molecule andmestnecting
the proton of the donor molecule and the acceptor oxy@gi.is the lower cutoff for the hydrogen

bonding anglell, () represents the boxcar function

0 if |ri—rg| < Rmin,
MRyinRex(ITi = Ts]) =4 1 if Ryin < | — rg| < R, ®)
0 if|ri—rs > Ryax

which localizes the tagged molectulm a certain hydration shell (first, second shell or bulk).
In the non-scalar casp(U) is a joint distribution. Then we have, for example for a joint
distribution for a 3-body or 4-body density (or equivalgritr a pair density of pairsy(Uox, Uoy)

or p(Uox,Ujz) respectively:
_ Sijia 8(u—u1)3(u— U)X/ X XXM R R () (1 — 8181131 O

S(u—f(wV)) NP TN ; K
J deNP(@N) { 30 X! XE XX e R Romc(6) (1= 8181 8181004 }

(6)



where the explicit coordinate dependent@s Q;) were replaced by superscriptsd; = |rj —rg|
andgj is the Kronecker delta. The primed Kronecker delta dendi@s may or may not be equal
to k, depending on whether we take geminal or vicinal pairs ofemales, that is, 3- or 4- particle
correlations (for the explicit definition of geminal and vial pairs see main text). For geminal
pairs the primed Kronecker delta is omitt@i;jkI is the connectivity indicator function and defines
the topological relation between both pairs. Two pairs magdnnected with a hydrogen bond or
not.

Corresponding equation for higher dimensional probabdinsities can be constructed ac-

cordingly.

Distribution of dipolar order parameter in the case of SPC/E
water

As in the case of TIP5P SPC/E water is on average also sligtahg orientationally ordered in the
first hydration shell of hydrophobic particles (see Figuredt the width of the distributiong(D),
which reflects the constraining of orientational degree$reédom, remains rather unaffected.
Comparing the results in bulk TIP5P and SPC/E, shown in teetiof Figure 1, we find that

TIP5P is slightly more ordered.

Calculation of the orinentational distribution of the local elec-
trostatic field

The systems under investigation all have spherical synynaetund the center of the solute. Thus,
all points in the space-fixed frame (denoted by prime) witthwhe same radius are positionally

equivalent. As we classify the water molecules accordiriged position with respect to the solute
as belonging to the first and second hydration shell or thie, laxg can drop the radial component

when dealing with molecules in a particular shell and sintphgin the angular variablé$’, ¢’),
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Figure 1: Difference in the distribution of the dipolar orgerameter with respect to the bulk,
Ap(D) = p(D) — ps(D), in the first hydration shell in the case of SPC/E water. Tisetishows
the comparison betwegs(D) in bulk TIP5P (dashed) and in SPC/E (magenta).

wheref’ = arccoﬁ%) and¢’ = arctar(%). We choose to describe the orientational distribution
of the instantaneous electrostatic filed orientation inveigipoint of the space-fixed frame as a
distribution over the surface of a unit sphere. In order tetato account the equivalence of
positions at given radius in the space-fixed frame we settbalary local frame in the following
manner. The secondaryy andz axes are chosen to coincide with the polar, azimuthal andlrad

directions at8’, ¢’). Specifically, this amounts to the following basis:

cos¢’sinf’ —sing’ cosg’sing’
X(0',¢")=| sing’cos®’ |, 9(0.¢)=| cosp’ |, «O,¢)=] sing’sine’
—sing’ 0 cosf’

The local electrostatic field at a point= (X,y,Z) due to a collection o point charges
with coordinateg? is E(r’) = ,’\‘21%; The unit Cartesian components of the field in the
1

secondary frame dt’, 0, ¢’) are thus:

0= e =G0l Eee =S @

[E(r)]



After a trivial transformation to spherical coordinateshe secondary frame, we may write for the
orientational distribution of the electrostatic field ekpaced by a water molecule in shdjl(first,

second or bulk):

(9)

p(6,¢)[d;] = <5N:15(é97i ~ 6)3(E.i — ) MRy, R (%) >

S 1 MR pin R ()

p(0,9) in the second hydration shell of solute S2 and in bulk watersaown in Figure 2. Com-
pared to those in the first hydration shell shown in the maiiclar which exhibit pronounced
orientational ordering, they are isotropic.
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Figure 2:p(0, ¢) in the second hydration shell of the apolar solute S4 (left) ia bulk water.

Gibbs-Shanon and correlation entropy differences

We denote a tagged molecule with 0, its neighbors wiihk; i # j # k # ..., and the nearest
neighbors of the nearest neighbors with primes. A 3-bodsetation entropy of a tagged molecule
and its two nearest HB neighbors is thus, for exawﬁf@ELB, and the 4-body correlation entropy
of two adjacent HB pairs ingiﬁB, if j is not hydrogen-bonded to O, anﬁgi'ﬁ,*B, if jisaHB
neighbor of 0.
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Figure 3: p(|E|) (top) andp(6,¢) (bottom) in the first hydration shell of the apolar solutes in
SPC/E water. Top: black lines denote distributions in busiter and symbols represent results for
water molecules around apolar solute. If one nearest nerghkiater molecule is omitted from the
calculation of the local field in the bulk, this leads to ungm@nsated fluctuations shown by the red
distribution.



Table 1: Entropy differences per TIP5P water moleculetelus the first and second shell for
various solute sizesAS§ stands forlS — §; and the asterisk denotes that molecple hydrogen-
bonded to the tagged molecule 0.

| |s1®[s129s2F |s229[s3 1 [s329 | s4F | 5427 ]

ASH[103kg] -79| 64 | 45| 20 | 46| 6.1 || 56 | 3.3
ASH/SB[1071%) 86 | 69 | 49| 22 | 50 | 6.7 | -6.2 | -3.6
ASot—c[10 %kg] 12| 03| 04| 02 | 26| 03 19| 02
ASot—c/ S c[%0] 05| -01 02| 01 | 21| -01 | 07 | 01

ASg[10%kg] 28| -11 || 26| 04 || 22| 007 21| -05

ASyp/ S5 [%) 19| -07 | -.7| 03 || -1.5| 005 || -1.4 | 0.3
ASHB[10 %kg] -48 | -05 | 48| -01 | 91| -03 | -83 | -0.9
ASHe/ S %)] 26| -03 | -26 | -005| -49 | -0.16 || -4.4 | -0.5
£S5 (10 3ke] 51 | 1.7 | 48] 13 || 67 | 19 || 52 | 18

Asﬁg 5/ S05 28 [0 94 | 31 | 91 | 25 | 126 | 36 || 98 | 34
ASﬂHB L 5[103kg] 69 | 20 | 60 | 18 | 74 | 22 | 61 | 1.7
AS%Y! s OBOJHE,B[%] 812 | 235 || 706 | 212 | 871 | 256 | 718 | 200
As;j’B {5110 3Kg] 39 | 12 || 38| 11 | 48 | 13 | 38 | 11
NSO /99 kB o | 910 | 440 | 884 | 260 || 1120| 320 | 884 | 256
Asj’B”;*B 10 3kg] 47 | 12 || 44| 09 | 60 | 1.4 || 41 | 14
Sj’B”‘* g tkBrog || 72 | 18 | 68 | 14 | 92 | 22 | 63 | 22
oS‘kHB nHaoloszkB] 22 | 06 | 43| 11 | 56 | 13 | 41| 0.9
ASo K /SO KB log) || 149 | 41 || 291 | 74 || 378 | 88 | 277 | 61
ASY I 102 09| 03| 13| 03 || 16| 04 || 1.2 | 0.3
s;&é”m SO %8B (0] | 1216| 405 | 1757| 405 | 2162| 541 || 1622 | 405
Asm 1107 2Kg] 07 | 02 || 09| 02 || 1.2 | 03 || 09 | 0.2
ASO Ik L/S9IkB o6 | 875 | 250 | 1125| 250 | 1500| 375 || 1125| 250
NSO Kx [10-2Kg] 08| 02 || 09| 02 | 12| 03 | 09 | 03
NSOk SO iBlog | 145 | 26 | 164 | 26 | 218 | 55 | 164 | 55




Table 2: Entropy differences per SPC/E water moleculetetus the first and second shell for
various solute sizesAS§ stands forlS — §; and the asterisk denotes that molecple hydrogen-
bonded to the tagged molecule 0.

| |s1®[s129s2F |s229[s3 1 [s329 | s4F | 5427 ]

ASH[103kg] 89| 38 | 39| 19 | 46| 24 | 39 | 14
ASH/SB[1071%) 98 | 42 | 43| 21 || 51 | 27 || -43 | -16
ASot—c[10 “Kg] 11| 04 || 03| 02 || -03]-004| 06 |-0.08
ASot—c/ S c[%0] 04| 01 | 01 | 007 | -01|-0.01| 0.22| 0.03

AS[10 %kg] 18| 06 || 21| 04 | 28] 03 | 24| -06

ASup/ S [%) 13| 04 | -15| 03 | 20| 02 | -1.7| 04
AS[10 %kg] 58| 08 || -78| 08 | 79| 03 | -89 | -0.9
ASB/ S 5[%) 29| 04 | 39| -04 | -39 | 016 49 | -05
A °§9h3[10 kg 45| 16 | 38| 06 || 39 | 08 | 38 | 06

Asﬁg %189 | 85 | 30 | 71 | 11 || 74 | 15 | 72 | 11
AsfHB ! 15[103kg] 104 | 40 | 88 | 19 | 99 | 21 || 109| 27
£gY s OBOJHE,B[%] 640 | 246 | 541 | 116 | 609 | 129 || 671 | 166
As;j’B < 5[103kg] 46 | 13 || 41| 09 | 48| 1.3 | 51| 11
ASO K /99 KB 05 || 1264 | 357 || 1126| 247 | 1319| 357 | 1401| 302
Asj’B”;*B 10 3kg) 29 | 11 | 25| 06 || 41 | 14 | 39 | 15
sj’B”‘* o kBrog || 131 | 50 | 112 | 27 | 185 | 63 || 176 | 68
AV ¥ aHe[10 %ks] 160 | 21 | 152 | 19 || 176| 22 || 16.8| 1.9
ASO Ik /S0 kB jog | 644 | 85 | 611 | 76 | 748 | 89 | 676 | 89
ASY I 102 32 | 08 | 28| 05 || 36 | 05 || 40 | 0.3
snganB qo %8B o] | 1824| 456 | 1596| 285 | 2052| 286 || 2280 | 171
Asm 1107 2Kg] 19 | 04 | 15| 03 | 1.8 | 03 | 21 | 04
ASO Ik L/S9IKB 6] | 3940| 830 | 3110| 622 | 3732| 622 || 4354| 833
ASEE;”;;;B [10-2Kg] 12 | 03 | 10| 02 | 16| 03 | 1.5 | 0.3
NSk /g0 tkB o || 370 | 92 | 308 | 62 | 493 | 62 | 462 | 93




