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Supporting Information for True Prediction of Inter- and 
Intramolecular hydrogen bonds in organic crystals

Table S1. Correlation Matrix: Salt hydrate model variables

Variables competition
Donor 

aromaticity

Donor 
steric 

density

Competition 1.000 -0.058 0.203
Aromaticity -0.058 1.000 -0.065

Donor steric density 0.203 -0.065 1.000

Table S2. Null hypothesis test

Statistic DF
Chi-

square Pr > Chi²

-2 Log(Likelihood) 11 1109.378 < 0.0001
Score 11 1010.628 < 0.0001

Wald 11 493.101 < 0.0001

Table S3. Type III analysis.

Source DF

Chi-
square 
(Wald) Pr > Wald

Chi-
square 
(LR) Pr > LR

Competition 1 29.210 < 0.0001 30.790 < 0.0001
Aromaticity 1 16.163 < 0.0001 17.155 < 0.0001
Donor steric density 1 80.550 < 0.0001 90.519 < 0.0001
Donor group label 5 75.931 < 0.0001 85.088 < 0.0001

Acceptor group label 3 271.875 < 0.0001 484.140 < 0.0001

Table S4. Salt-hydrate model parameters

Source Value
Standard 

error
Wald Chi-

Square Pr > Chi²

Wald 
Lower 
bound 
(95%)

Wald 
Upper 
bound 
(95%)

Intercept 5.577 0.705 62.610 < 0.0001 4.196 6.959
Competition 0.281 0.046 37.324 < 0.0001 0.191 0.371
Aromaticity -3.386 0.557 37.020 < 0.0001 -4.477 -2.295
Donor steric density -0.063 0.007 85.643 < 0.0001 -0.076 -0.050
Acceptor steric density -0.059 0.008 53.450 < 0.0001 -0.075 -0.043
Donor-ammonium, aromatic 0.000 0.000
Donor- other 1.064 0.407 6.825 0.009 0.266 1.863
Donor- water -1.881 0.428 19.295 < 0.0001 -2.720 -1.041
Donor- ammonium, generic 1.317 0.325 16.483 < 0.0001 0.681 1.953
Donor- amino, uncharged 
aliphatic 2.322 0.403 33.217 < 0.0001 1.533 3.112
Donor- carboxyl -0.830 0.486 2.913 0.088 -1.784 0.123
Acceptor- other 0.000 0.000
Acceptor- water -3.388 0.529 41.059 < 0.0001 -4.425 -2.352

Acceptor- chloride 1.169 0.698 2.802 0.094 -0.200 2.537
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Fig. S1. ROC curve for salt hydrate system.

Table S5. Propensity predictions for potential donor-acceptor combinations in PEDDUY and observed hydrogen bonds in the known 
structure 

Donor  group Acceptor 
Group

π lower[a] upper[a] H-Bond 
Observed
?

amide chloride 0.998 0.992 0.999 
water chloride 0.996 0.990 0.999 
charged amino chloride 0.986 0.976 0.996 
charged amino water 0.874 0.733 0.946 
amide water 0.820 0.692 0.902 
water water 0.738 0.661 0.803 
charged amino amide 0.721 0.461 0.887 

a Calculated error within 2 standard deviations at a 95% confidence level. 

Table S6. Propensity predictions for potential donor-acceptor combinations in SOFREL and observed hydrogen bonds in the known 
structure 

Donor  group Acceptor 
Group

π lower[a] upper[a] H-Bond 
Observed
?

water chloride 0.995 0.987 0.998 
charged amino chloride 0.756 0.723 0.784 
water water 0.685 0.606 0.755 
water other 0.585 0.407 0.743 
other water 0.358 0.198 0.556 
charged amino water 0.039 0.013 0.117 

a Calculated error within 2 standard deviations at a 95% confidence level. 
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Table S7. Propensity predictions for potential donor-acceptor combinations in SEHDOZ and observed hydrogen bonds in the known 
structure 

Donor  group Acceptor 
Group

π lower[a] upper[a] H-Bond 
Observed
?

charged amine chloride 0.992 0.854 0.972 
water chloride 0.992 0.854 0.978 
charged amine water 0.575 0.854 0.362 
water water 0.564 0.854 0.461 

a Calculated error within 2 standard deviations at a 95% confidence level. 

Table S8. Propensity predictions for potential donor-acceptor combinations in JODNEW and observed hydrogen bonds in the known 
structure 

Donor  group Acceptor Group π lower[a] upper[a] H-Bond 
Observed?

charged amine chloride 0.998 0.854 0.993 
water chloride 0.993 0.854 0.980 
charged amine water 0.829 0.854 0.690 
water water 0.564 0.854 0.461 
charged amine tertiary nitrogen 0.404 0.854 0.201 
water tertiary nitrogen 0.165 0.854 0.091 

a Calculated error within 2 standard deviations at a 95% confidence level. 

Table S9. Correlation matrix: Amide-carboxylic acid model variables

Variables competition
Acceptor 

aromaticity

Donor 
steric 

density

Acceptor 
steric 

density

competition 1.000 -0.237 -0.151 -0.162
Acceptor aromaticity -0.237 1.000 0.220 -0.027
Donor steric density -0.151 0.220 1.000 0.300

Acceptor steric density -0.162 -0.027 0.300 1.000

Table S10.  Test of null hypothesis ( Y=0.535 H-bond exists) 

Statistic DF
Chi-

square Pr > Chi²

-2 Log(Likelihood) 11 1135.241 < 0.0001
Score 11 988.589 < 0.0001

Wald 11 687.340 < 0.0001

Table S11. Type III analysis.

Source DF

Chi-
square 
(Wald) Pr > Wald

Chi-
square 
(LR) Pr > LR

competition 1 3.376 0.066 3.384 0.066
Acceptor aromaticity 1 15.653 < 0.0001 15.727 < 0.0001
Donor steric density 1 7.854 0.005 7.884 0.005
Acceptor steric density 1 51.529 < 0.0001 55.265 < 0.0001
Donor group label 3 48.646 < 0.0001 51.676 < 0.0001

Acceptor group label 4 559.223 < 0.0001 832.584 < 0.0001
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Table S12. Amide-carboxylic acid model parameters.

Source Value
Standard 

error
Wald Chi-

Square Pr > Chi²

Wald 
Lower 
bound 
(95%)

Wald 
Upper 
bound 
(95%)

Intercept 2.147 0.317 45.775 < 0.0001 1.525 2.769
Competition 0.038 0.021 3.376 0.066 -0.003 0.079
Aromaticity -1.009 0.255 15.653 < 0.0001 -1.509 -0.509
Donor steric density -0.008 0.003 7.854 0.005 -0.014 -0.003
Acceptor steric density -0.023 0.003 51.529 < 0.0001 -0.029 -0.017
Donor- other 0.000 0.000
Donor- hydroxy, aliphatic -1.018 0.211 23.250 < 0.0001 -1.431 -0.604
Donor- amido -1.144 0.167 46.727 < 0.0001 -1.471 -0.816
Donor- carboxyl -0.791 0.180 19.430 < 0.0001 -1.143 -0.439
Acceptor- hydroxy, 
aliphatic 0.000 0.000
Acceptor- other 0.208 0.200 1.082 0.298 -0.184 0.600
Acceptor- amido 2.060 0.206 100.241 < 0.0001 1.657 2.464
Acceptor- ether -1.813 0.217 69.903 < 0.0001 -2.238 -1.388

Acceptor- carboxyl 0.762 0.207 13.608 0.000 0.357 1.168

Table S13. Confusion matrix for amide-carboxylic acid model.

H-bond
Observed? False True Total % correct
Predicted 

False 917 434 1351 67.88%
Predicted 

True 228 1328 1556 85.35%

Total 1145 1762 2907 77.23%

Fig. S2. ROC curve for amide-carboxylic acid system 
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Table S14. Training set structures for salt hydrate system.

Refcode Authors Publication Vol. pp Year

YSCLH D.A.Wright, R.E.Marsh Acta Crystallogr. 15 54 1962
GLCICH R.Parthasarathy Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 25 509 1969
ARGHCL10 J.Dow, L.H.Jensen, S.K.Mazumdar, 

R.Srinivasan, G.N.Ramachandran Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
26 1662 1970

ADRENC R.Bergin Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 27 2139 1971
TCBHAZ A.Braibanti, M.A.Pellinghelli, 

A.Tiripicchio, M.Tiripicchio Camellini Inorg.Chim.Acta 
5 523 1971

GLCICH01 T.F.Koetzle, W.C.Hamilton, 
R.Parthasarathy Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 

28 2083 1972

HISTCM01 K.Oda, H.Koyama Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 28 639 1972
LYSCLH02 R.R.Bugayong, A.Sequeira, 

R.Chidambaram Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
28 3214 1972

METHIX10 S.S.C.Chu Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 28 3625 1972
MORPHC L.Gylbert Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 29 1630 1973
AMACRD R.Talacki, H.L.Carrell, J.P.Glusker Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 30 1044 1974
PROFLC S.K.Obendorf, H.L.Carrell, J.P.Glusker Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 30 1408 1974
TPAMLC J.J.Guy, T.A.Hamor Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 30 2277 1974
TPROLC M.N.G.James, G.J.B.Williams Can.J.Chem. 52 1880 1974
DPYALC G.Precigoux, Y.Barrans, B.Busetta, 

P.Marsau Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
31 1497 1975

GLYBAC10 P.Narayanan, S.Venkataraman Z.Kristallogr.,Kristallgeom.,Kristallphys.,Kristallchem. 142 52 1975
GLYSRC10 P.Narayanan, S.Venkataraman Z.Kristallogr.,Kristallgeom.,Kristallphys.,Kristallchem. 142 52 1975
NALOXC01 R.L.Sime, R.Forehand, R.J.Sime Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 31 2326 1975
APFMHA S.S.C.Chu, B.Chung Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 32 836 1976
DALILU10 K.I.Varughese, R.Srinivasan Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 32 994 1976
LILEUC10 K.I.Varughese, R.Srinivasan Pramana 6 189 1976
MPBSIL E.R.Corey, J.Y.Corey, M.D.Glick Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 32 2025 1976
AZBIOT10 M.D.Glick, H.C.Wormser, 

H.N.Abramson Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
33 1095 1977

CAGLCL10 H.Einspahr, G.L.Gartland, C.E.Bugg Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 33 3385 1977
CYPHEP01 B.Birknes Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 33 687 1977
DATCOL10 C.Koerntgen, T.N.Margulis J.Pharm.Sci. 66 1127 1977
DMAPYC M.Chao, E.Schempp, R.D.Rosenstein Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 33 1820 1977
DMIQUC B.S.Hayward, J.Donohue J.Cryst.Mol.Struct. 7 275 1977
MESEMC T.M.Capps, K.D.Hargrave, P.W.Jeffs, 

A.T.McPhail J.Chem.Soc.,Perkin Trans.2 
1098 1977

PHOLCL G.Thevenet, P.Toffoli, N.Rodier, 
R.Ceolin Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 

33 2526 1977

TMHPTC J.H.Bieri, M.Viscontini Helv.Chim.Acta 60 1926 1977
CMPBIM P.Lambert, G.Evrard, F.Durant, 

G.Germain, J.P.Declercq Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
34 2656 1978

CYPHEP A.Terzis Cryst.Struct.Commun. 7 101 1978
HAMBUA L.Brehm, P.Krogsgaard-Larsen Acta Chem.Scand.B 33 52 1979
MXPHIQ01 T.F.Brennan, A.R.Garafalo, 

D.A.Williams Cryst.Struct.Commun. 
8 953 1979

XPSERC A.Mostad, C.Romming, M.Stromme Acta Chem.Scand.B 33 219 1979
ACPHDR K.Odashima, A.Itai, Y.Iitaka, K.Koga J.Am.Chem.Soc. 102 2504 1980
IPTDCN A.Courtois, J.Protas Cryst.Struct.Commun. 9 945 1980
NRGLNM R.Roques, J.C.Rossi, J.P.Declercq, 

G.Germain Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
36 1589 1980

BABBOV E.Sagstuen, S.Nordenson Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 37 1777 1981
BARVAR F.Barlein, A.Mostad Acta Chem.Scand.B 35 613 1981
DAZEPN C.Svensson, L.Timby Cryst.Struct.Commun. 10 429 1981
BAZLUJ E.O.Schlemper, T.S.Mansour, 

E.M.Kaiser Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
38 625 1982

BIBNEF J.Cullinane, R.I.Gelb, T.N.Margulis, 
L.J.Zompa J.Am.Chem.Soc. 

104 3048 1982

BIZGAS S.D.Darling, V.M.Kolb, G.S.Mandel, J.Pharm.Sci. 71 763 1982
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N.S.Mandel
BORMOK I.Goldberg J.Am.Chem.Soc. 104 7077 1982
SINTAM10 R.Usha, M.M.Bhadbhade, K.Venkatesan, 

K.Nagarajan, J.David Acta Cryst.B:Struct.Crystallogr.Cryst.Chem. 
38 1854 1982

BUTDUP J.D.Korp, I.Bernal, L.Avens, J.L.Mills J.Crystallogr.Spectrosc.Res. 13 263 1983
BUVPIR M.Kimura, A.Kato, I.Okabayashi, 

N.Yasuoka Chem.Pharm.Bull. 
31 1254 1983

CADBUE S.V.Bjornevag, B.C.Hauback, F.Mo, 
H.Sorum Acta Cryst.C:Cryst.Struct.Commun. 

39 1066 1983

CAGLEB M.Poje, B.Rocic, M.Sikirica, I.Vickovic, 
M.Bruvo J.Med.Chem. 

26 861 1983

CAWCAE N.V.Nazimova, G.N.Tishchenko Kristallografiya(Russ.)(Crystallogr.Rep.) 28 817 1983
CAXPIA C.L.Verlinde, C.J.De Ranter Acta Cryst.C:Cryst.Struct.Commun. 39 1703 1983
CIJSAP M.Lanfranchi, A.M.M.Lanfredi, 

M.A.Pellinghelli, A.Tiripicchio Acta Cryst.C:Cryst.Struct.Commun. 
40 1239 1984

CIMNER C.J.Cheer, J.P.Cosgrove, 
B.M.Vittimberga Acta Cryst.C:Cryst.Struct.Commun. 

40 1474 1984

CURHEC R.H.Jones, T.A.Hamor Acta Cryst.C:Cryst.Struct.Commun. 41 620 1985
DIKSOF A.Obata, M.Yoshimori, K.-I.Yamada, 

H.Kawazura Bull.Chem.Soc.Jpn. 
58 437 1985

DUXHEJ H.Wikstrom, S.Sundell, M.Lundmark Acta Pharm.Suec. 22 75 1985
CITYEJ10 S.Ghose, J.K.Dattagupta Acta Cryst.C:Cryst.Struct.Commun. 42 1563 1986
DIZWAK F.Durant, C.van der Brempt, F.Bufkens, 

G.Evrard Bull.Soc.Chim.Belg. 
95 103 1986

DUKTUY C.G.Pierpont, S.A.Lang Junior Acta Cryst.C:Cryst.Struct.Commun. 42 1085 1986
DUXWOI P.Luger, G.Griss, R.Hurnaus, 

G.Trummlitz Acta Cryst.B:Struct.Sci. 
42 478 1986

FAHMAC T.Hogberg, S.Ramsby, T.de Paulis, 
B.Stensland, I.Csoregh, A.Wagner Mol.Pharmacol. 

30 345 1986
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49 614 1986

FEHSAM M.Kimura Bull.Chem.Soc.Jpn. 60 447 1987
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65 878 1987

GEVYOV C.R.Noe, M.Knollmuller, G.Steinbauer, 
E.Jangg, H.Vollenkle Chem.Ber. 

121 1231 1988

SEYVUN J.C.Milhavet, L.Bernal, A.Gueiffier, 
A.Contastin, J.P.Chapat, J.C.Teulade, 
A.Carpy, G.Grassy Arch.Pharm. 

322 885 1989

JENHAL M.Reiffen, W.Eberlein, P.Muller, 
M.Psiorz, K.Noll, J.Heider, C.Lillie, 
W.Kobinger, P.Luger J.Med.Chem. 

33 1496 1990

KIHVAY C.Jarry, J.-J.Bosc, J.Ouhabi, A.Carpy Arch.Pharm. 323 157 1990
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47 1860 1991

VISPAO R.Cini, G.Giorgi, D.Masi, A.Sabatini, 
A.Vacca J.Chem.Soc.,Perkin Trans.2 

765 1991
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Yu.T.Struchkov, A.M.Svetlanova, 
S.V.Chemodanova, V.A.Palyulin, 
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Dokl.Akad.Nauk 
SSSR(Russ.)(Proc.Nat.Acad.Sci.USSR) 

323 285 1992

PABCEA A.C.Le Dain, B.W.Madsen, B.W.Skelton, 
A.H.White Aust.J.Chem. 

45 635 1992

SUDWIX J.M.Karle, I.L.Karle, L.Gerena, 
W.K.Milhous Antimicrob.Agents Chemother. 

36 1538 1992

TANROP R.McKenna, M.Agbandje, S.Neidle Acta Cryst.C:Cryst.Struct.Commun. 48 188 1992
WEYDIN E.B.Shamuratov, A.S.Batsanov, 
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1073 1992
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50 100 1994
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37 878 1994

PONXUL B.C.C.Cantello, D.S.Eggleston, D.Haigh, 
R.C.Haltiwanger, C.M.Heath, 
R.M.Hindley, K.R.Jennings, J.T.Sime, 
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3319 1994
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