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Hydrogen Bonding - Geometry
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O H-bond Donor (D)

C H-bond Acceptor (A)

7N\
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e

* Depending on the type of atom involved, there may be 1 or 2 preferred geome-
tries for the hydrogen bond acceptor, and 1, 2, or 4 geometries preferred for the
hydrogen bond donor.

* Hydrogen bonds are very short-ranged, and only certain angular ranges will give
low-energy conformations

Functional Forms:

A

cos20 cos?w
12
HA

YETI form: Vyg =

A
12
FHA
C
6

FHA

GRID form: V HB =

Distance-only: VHB = (
( COS

4 HA>
r HA>
re HA>

CHARMM form: |%4 HB = ) cos”0 cos"w

===
rua THa

(ij,n,m depend on the types of donor an acceptor atoms)
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Vrestraint

Restraint Potentials

30 , . . .

22 |-

18 |-

14 |

10 |-

Flat-bottomed restraint potential will not interfere if r is within acceptable limits
Harmonic restraint potential can give unreasonably large restraint forces at large
distances

Flat-bottomed restraint potential allows asymmetry
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Model |Type | cA |, ;ol-l LA LA | qi(e) | q2(e) Q° @°
sSD i-ste | 3.016 15319 - - - - 109.47| 109.47
SPC a 3.166| 0.650| 1.0000] - | +0.410| -0.8200| 109.47| -
SPC/E a 3.166| 0.650| 1.0000] - |+0.4238| -0.8476| 109.47| -
(g':g)/HW a 3.166] 0.650| 1.0000] - [+0.4350| -0.8700| 109.47| -
SPCIFw | a+pol | 3.166| 0.650 1.0120| - | +0.410| -0.8200 113.24| -
TIP3P a | 315061 0.6364| 0.9572| - |+0.4170| -0.8340| 104.52| -
TIP3P/Fw | a+pol | 3.1506| 0.6368| 0.9600| - |+0.4170| -0.8340| 104.5| -
IAMOEBA | a+pol | 3.6453| 0.8235| 0.9584| - +°'§97° -0.59402| 106.48| -
QcT a 3.140| 0.753| 09614| - |+0.6064| -1.2128104.067| -
PPC b+pol | 3.23400| 0.6000| 0.9430| 0.06|+0.5170| -1.0340| 106.00| 127.00
TIP4P c | 3.15365 0.6480 0.9572| 0.15/+0.5200| -1.0400| 104.52| 52.26
TIP4P-Ew c | 3.16435/0.680046 09572 0.125|703%%| 1.04844| 10452 5226
TIP4P-FQ | c+pol | 3.15365 0.6480| 0.9572| 0.15| +0.63 | -1.26 | 104.52| 52.26
TIP4P/Ice ¢ | 3.1668 08822 0.9572| 0.1577|+0.5897| -1.1794| 104.52| 52.26
TIP4P/2005 | c | 3.1589| 0.7749| 0.9572| 0.1546|+0.5564| -1.1128| 104.52| 52.26
TIP4P/2005f | ¢ | 3.1644| 0.7749| 0.9419| 0.1546|+0.5564| -1.1128| 107.4| 53.7
OPC ¢ | 3.1666 08903 0.8724| 0.1594|+0.6791| -1.3582| 103.6| 51.8
SWFLEX-Al | c+pol | four terms used 0.968 0.14 |+0.6213| -1.2459| 102.7 | 51.35
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Model |Type | cA |, ;ol-l LA LA | qi(e) | q2(e) Q° @°
COS/G3 c+pol | 3.17459| 0.9445| 1.0000, 0.15 +°'7425°6 -0.901344| 109.47| -
GCPM c+pol | 3.69 | 0.9146 | 09572| 0.27(+0.6113| -1.2226| 104.52| 52.26
SWM4-NDP | ¢ | 3.18395| 0.88257| 0.9572|0.24034| 0.55733| -1.11466| 104.52| 52.26
SWM6 df{) o | 3.19833) 0.67781| 0.9572| 317 | 0.53070| (3% | 104.52| 101.008
sT2 d | 310000 031694 1.0000 080 "02"°| .0.24357| 109.47| 109.47
TIP5P d | 3.12000| 0.6694| 0.9572| 0.70|+0.2410| -0.2410| 104.52| 109.47
TIP5P-Ew d 3.097| 07448 09572| 0.70(+0.2410| -0.2410| 104.52| 109.47
TTM2-F c+pol | Ve pz;zr;eters 0.9572| 070/ +0.574 |  -1.148| 104.52| 52.26
POL5/TZ | d+pol | 2.9837 | Bukingnem | 0.9572|  0.5| varies | -0.42188| 104.52| 109.47
Six-site c/d géggs 8;12‘:‘: 0.980 %g%%ZML +0.477 _'8:322; 108.00| 111.00

This (and many more details) can be found at Martin Chaplin’s wonderful “Water Structure and

Science” site:
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Average

Dipole Dielectric . self_- configuratio De|:|sity Expa.n§ion
Model moment constant dlf-fUSIOI‘I, nal energy, max:mum, coef_flcjle_nt,
105 cm?/s kJ mol Cc 104 °C-1
SSD 2.35 72 2.13 -40.2 -13 -
SPC 2.27 65 3.85 -41.0 -45 7.3
SPC/E 2.35 71 2.49 -41.5 -38 5.14
SPC/Fw 2.39 79.63 2.32 - - 4.98
PPC 2.52 77 2.6 -43.2 +4 -
TIP3P 2.35 82 5.19 -41.1 -91 9.2
TIP3P/Fw 2.57 193 3.53 - - 7.81
iIAMOEBA 2.78 80.7 2.54 - 4 25
QCT 1.85 - 1.5 -42.7 +10 3.5
TIP4P 2.18 53 3.29 -41.8 -25 4.4
TIP4P-Ew 2.32 62.9 24 -46.5 +1 3.1
TIP4P-FQ 2.64 79 1.93 -41.4 +7 -
TIP4P/2005 2.305 60 2.08 - +5 2.8
TIP4P/2005f 2.319 55.3 1.93 - +7 -
OPC 2.48 78.4 2.3 - -1 27
SWFLEX-AI 2.69 116 3.66 -41.7 - -
COS/G3 2.57 88 2.6 -411 -78 7.0
GCPM 2.723 84.3 2.26 -44.8 -13 -
SWM4-NDP 2.461 79 2.33 -41.5 <-53 -
SWM6 2.431 78.1 214 -41.5 -48 -
TIP5P 2.29 81.5 2.62 -41.3 +4 6.3
TIP5P-Ew 2.29 92 2.8 - +8 4.9
TTM2-F 2.67 67.2 1.4 -45.1 - -
POL5/TZ 2.712 98 1.81 -41.5 +25 -
Six-site 1.89 33 - - +14 2.4
Experimental 2.95 78.4 2.30 -41.5 +3.984 2.53
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