Chapter IV

Calculation
The model.
To study the influenc solvation to internal rotation of

siegnle model was used, calculated

by the CNDO method and.clieeked by & A&io calculations for several
conformations. 7 : :
Glycine i aqueous solution,

according to e ine zwitterion has two
at most solute-solvent

Although there exists

strongly polar he
interactions will
possibly more than to these strongly polar
heads, our model will' only-deal 3 e first hydration shell and
neglect all others, as 2 3 n shell exerts the strongest
influence on l"”'f?FFE?T?E?“’TfE*T”*Tﬁ‘F{iiinvestigatiun of the

hydration is heyﬁﬂ, : iﬂd computationally too

mmm'ﬂuﬁqwﬂﬂiwawni

Methodical s
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1nf1uenc of solvent to internal rotation of glycine zwitterion in

aqueous solution. In practice, a comparison between the internal
rotation of the isolated glycine zwitterion in the gas phase and the
(Gly)(H,0)  complex will be performed, for n as the hydration number.
This studying will be separated into 3 steps:
1. Calculation of the internal rotation of isolated glycine
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zwitterion.

2. Determination of an increasing hydration shell and

calculation of the hydration energy.
3. (Calculation of the internal rotation of glycine

switterion including the optimal hydration shell.

Table 4.1 ﬂ:;.ﬂ atépe of glycine zwitterion. All bond

Bond leng A . Fond 2 ole (degrees)

C1-C2 L 109.47 (109.47)
c2-01 109.47 (109.47)
C2-02 109.47 (109.47)
CI-N 109.47 (109.47)
c1-H 119.00 (117.50)
N-H 208 6.08) ~ | <01690#.722.00 (120.00)

A

) i
The geumetﬁr which is usad in this work is taken from

experiene 34 G W‘?’ﬂ 4 3 ke v

geometries ﬂl

ama\mmumfmmaﬂ
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Figure 4.1 The gl (¢,4) = (0,0), one H

atom of -NH; and N&° ) 4o, are\in| the same plane.

Calculation of the inté isolated glycine zwitterion.

According.  to figure 4 ernal rotation potential of
glycine zwitteri ":‘ 5 detinec 3_““—"“*:‘& gles ¢ and ¢ in the
conformation ( ¢, g - ﬁ“ﬂHs and all the other

heavier atoms lie ongthe same plane,,

crr RNt T ———

have been perfomed by a ceordinate program for ine zwitterion
PE-U PRI Rt AT T I
program (Appendix B).
The results of the calculations are reported in tables 4.2 and
4.3, namely the total energies and the barriers of various comfor-
mations with fixed ¢ = 0" and varying ¢ from 0° to 90" .
Tables 4.4 and 4.5 report the total energies and the barriers
of the conformations with fixed ¢ =0° and varying e from 0° to
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60° , and starting from conformation (60, 0) rotating ¢ up to (60,
90).

All barriers (a Ebar} are calculated by the difference of the
total energies of the minimum conformation ( E . ) and the energy of

the respective conformation ( Eh)

& Bpar = Bn - Emi'#,' W/ ‘ %23

Barriers(a EharJ AT Gl artree = 627.5 kcal/mol)

The plot o otation angles for the

comparison betwee esented in figure 4.2 .

kcal/mol

10 -

Figure 4.2 The rotation energy curve of glycine zwitterion,
comparison between two sets of geometries (fixing ¢ = 0° , rotating
¢ from 0°to 90°). Graph A represents the geometry used in this work.

Graph B represents standard geometry.



42

Table 4.2 The total energy and the rotation barriers of glycine

zwitterion (standard geometry), fixing ¢ = 0°, rotating ¢ from 0" to 50°

Angle (degrees) | Energy (hartrees) | Barrier (kcal/mol)

0.0
0.4
1.9
2.8
53
7.3

8.8
9.6
10.3
10.6

AULINENINEINS
ARIAINTAUNNINGIAE
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Table 4.3 The total energy and the rotation barriers of glycine

zwitterion, fixing ¢ = 0" , rotating ¢ from 0°- 90°

Angle (degrees) | Energy (hartrees) | Barrier (kcal/mol)
0.00 -66.3491 0.0
10.00 0.4
20.00 1.8
30.00™ = 2.6
40.0Q 4.8
50 . Q@ 6.8
ﬁﬂ.l". 8.3
70.00 - 9.5
80.00 74 -66,830¢ 10.2
90.00 = dalos ) | 10,4

J I
AULINENINYINg
RINNINUNINYIAY



Table 4.4

zwitterion, fixing

¢ =0

, rotating ¢ from 0°-

The total energy and the rotation barriers of glycine

60°

Angle (degrees)

Energy (hartrees)

Barrier (kcal/mol)

Table 4.5 The

zwitterion, fixi

- -
Angle [des

rom 0°-

0.0
0.3
1.1

1.3
2.4
3.1
L

otation barriers of glycine

90" .

-
'
-

E Barrier (kcal/mol)

A Hid)

15.00
RLAGLIR]E
45.00
60.00
75.00
90.00

F 716 )

¢ =66.3433

I

7179 oo

wa@ V

-66.3396
-66.3371
-66.3352
-66.3354

&
dMI38d
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Determination of the hydration shell and calculation of the hydration

energy of glycine zwitterion.

1. Optimization of the water binding sites of the glycine

zwitterion.
The first polar group ( —NHS*} will act as a proton donor to the

water surrounding it, and the second polar group -C00™ will act as a

proten acceptor. Lind zat 1.0 as been done by optimizing the
total CNDO energy.
ety 1s.given in table 4.1 . The

= 104.5%, O-H =

The glycine

water geometry was takefl i
0.9572 A*). All of were fixed during the
optimization. Only t tance \and the orientation of
the water molecule wag' v;

The optimized gb :a;, 15 dre ,rl ented in figures 4.3 to 4.8
The total energies and the ;géﬁ~§:? nergies of each configuration

are also reported in tahle;sggp
= Bk

Figure 4.3 The optimization of glycine zwitterion and water 1
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Figure 4ﬂ u‘ry %%Hiﬂ ‘§ WWrim and water 2

ﬂptmui.ng 0-0 distance of the linear hydrogen bond OH-O

QIR S B AE BRI o0 s

obtai from 4A
4C. At the minimum energy of 4B, rotation of water around O

(of water) center
4D. Fixing the rotation angle from 4B and the rotation angle

from 4C, reoptimizing the 0-O distance of the hydrogen bond
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mmﬂ 18 FHBI TR PiGerion 0 e s

Dptimizmg D-detanca the linear ugen bond OH-O

Ty SR SH A 0o s

ohtmed from 5A
5C. At the minimum energy of 5B, rotation of water around O

(of water) center

5D. Fixing the rotation angle from 5B and the rotation angle
from SC, reoptimizing the 0-O distance of the hydrogen bond
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Figure 4.6

Figure 4.7 The optimization of glycine zwitterion and water 6
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B 2 ‘terim and water 9

T Preh - *
Table 4.6 The optighzation of rgy for glycine zwitterion and

water 1 . Optimizing C-0 #’% the -COO~ group and water 1
T —
.Ia gy _fHartrees)

AU ANEN TN Ty
PRI ING TR Y
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Table 4.7A The optimization of energy for glycine zwitterion and
water 2, Optimizing O-O distance of the linear hydrogen bond OH-O

0-0 (A°) Energy (hartrees)

-86.2376

-86.2393

Table 4.7B The r glycine zwitterion and

water 2, rotating o with the OH-O distance 2.40 A°

(hartrees)

]
-84.7919

FiusAnynspoans
ARNAN RN A
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Table 4.7C The optimization of energy for glycine zwitterion and
water 2. Fixing <C00 = 130", fixing OH-O distance = 2.40 A", rotating

water around O (of water) center

<O0H (degrees) Energy (hartrees)
00 '. ﬂ_ﬂﬁn!a
1B 96,2551
y - ~B672569
\ S,
= -l':.‘ | 9
‘Ii”—lﬂ_
Table 4.70 The o ' ﬁ;ﬂ rgyt for glycine zwitterion and
water 2, fixing <000 = 130 £ixing <00 = 15°, optimizing OH-O distance
A
)

i‘.ﬂ.m os -86.2499

AUBH Hﬂﬁﬂﬂ?ﬂ‘ﬁ
ammnmmmmmaa

-86.2607
2.35 -86.2594
2.40 -86.2574




Table 4.7E The optimization of energy for glycine zwitterion and
water 2, fixing OH-O distance 2.25 A", fixing <000 = 130° , rotating

water around O (of water) center

<U0H (degrees) Energy (hartrees)

\‘ / -86.2610

000" _‘éﬁ 2615

\ ‘\\\
,’\\\\

\ \‘\\ with the OH-O distance

2614

Table 4.7F glycine zwitterion and

water 2, rotating g

2.25 A, and fixing <O0H Zﬂﬁ \
W iGated

argy (hartrees)

~812613

=125 —Bﬁ 2650

mummw INURRG
QW’WMT]‘?’G’U%MTJWEHMI
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Table 4.8A The optimization of energy for glycine zwitterion and

water 3, optimizing 0-O distance of the linear hydrogen bond CH-O

0-0 (A") Energy (hartrees)

2.30 | -86.2359
| -86.2377
ﬁ 2384

for glycine zwitterion and

d with the OH-O distance 2.40 A-

Table 4.8B The ¢

water 3, rotating of wWatér around

A EI’J%EWﬁWEIﬂﬂf

AR¢ @ﬂ@mumm&maa

-86.2384
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Table 4.8C The optimization of energy for glycine zwitterion
and water 3, fixing OH-O distance 2.40 A" , fixing <C00 = 95°

rotating water around O (of water) center.

<O0H(degrees ) Energy (hartrees)

Table 4.8D0 The . for glycine zwitterion and

water 3, fixing <0d0 1= 10" , and optimizing OH-O

TS oy
ARFINTRYM TN
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Table 4.8E The optimization of energy for glycine zwitterion and
water 3, fixing OH-O distance 2.40 A", fixing <C0O0 = 95- |, rotating

water around O (of water) center

< U0H (degrees) Energy (hartrees)

-86.2502

6 2532

-—0?2512
———

LN

Table 4.8FI The .- / 5&‘\_\\% ycine zwitterion and

water 3, rotating of wétef are :'E; & \ ith the OH-O distance
2.40 A, and fixing <0C )

.

|-|
-86.2552

ﬂuﬂ?Mﬂw WP S
awwmnimumawmaﬂ
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Table 4.9 The optimization of energy for glycine zwitterion and

water 4,5 , optimizing NH-O distance

NH-0 (A") Energy (hartrees)
2.35 -86.2354
/ -86.2381

15 2406

.2407

": \ 86. 2401
/ ol N\, -
Table 4.10 ' \ “for glycine zwitterion and

T

water 6, optimizing HOSU distanc

A e B nue

’Qﬁﬁﬂ\‘mﬂﬁmﬂﬁﬁ’mﬂ”fﬁﬂ
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Table 4.11 The optimization of energy for glycine zwitterion and

water 9, optimizing HO-N distance

HO-N (A" ) Energy (hartrees)

-86.2284
-86.2325

AULINENINYINS
ARIANTAUNNINGIAY



58

2. Calculation of the interaction energy of glycine zwitterion

and water (fixing the hydrogen bond distance at 2.75 A’)

Since according to the artefact of OCNDO calculations in
evaluation hydrogen bonds are generally too shert, the nine possible
positions of water around the glycine zwitterion have been calculated

also with fixed hydrogen distance of 2.75 A°, which is the

average distance of variou ‘of hydrogen bonds (24). These

calculations have beensddne by b d ab initio methods .

Wi

qut Tnghinigs
RIAINIUIRIININY

ot

Figure 4.9 The nine most stabilized water positions around glycine

zwitterion with fixed hydrogen bond distance 2.75 A°
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2.1 Determination of the interaction energy by (CNDO
calculations

The water-glycine complex in its nine optimized conformations

has been investigated with respect to interaction energies, using the

extended hydrogen bond of 2.75 A® (figure 4.9) . The evaluation of

interaction energies has beel fomed according to the equation:

T

4.2

where ﬁEfmm is

supermolecule energy

b
zwitterion and ='ﬁ1 4

hartree and Ecneo,

table 4.12 .

BCNDO is the

= energy of glycine

ey NE ) is  -66.3491

% )
ergies are reported in

ﬂ‘IJEI’WIEWIﬁWEI'lﬂ‘i
ﬂﬁ?ﬂﬂﬂ‘imﬂﬁﬂﬂmﬁﬂ
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Table 4.12 Total energies and interaction energies of glycine
zwitterion complexes with one water molecule in nine different

conformations ( CNDO calculation )

CNDO optimization CNDO fixed H-bond 2.75 A*

water Su][f' Egjg” a ENDO
1 -86.2602 2338 -10.5
2 -86.2650 -15.7
3 -86.253 7 4 PEE) 862405 ~14.7
4 -86.240 9 -11.2
5 -86.2407 : 861 2348 1.2
6 -86.2329 P!, ~86.2242 = i
7 -86.2398 / -86.2318 -9.3
8 -86.2384 - 8.8
o | -2 T > -10.1

il T

Total €nergies are reperted in hartrees and interaction

energies Mﬂu&% mm j w Ell] n ‘j
. z.qu Determinationf of the imseraction en by ab initio
The nine above mentioned positions of water around the glycine
zwitterion with a hydrogen bond distance of approximately 2.75 A~
(figure 4.9) have also been calculated with regard to their
interaction energies by the ab initio method. The interaction

energies are determined analogously to equation 4.3 .

L b b
8 Egp = Egup~ Egpy- E2D 4.3

ater
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ab
gly
E:gteris -64.5164 hartree. The ab initio interaction energies of the

A EEGII}D is ab initio interaction energy E is -240.0701 hartree, and
nine water complexes of glycine zwitterion are reported in table 4.13

2.3 Calculation of the energy correction for ab initio
calculation.

procedure to correct

First we haw€ Lalddlated t Goxrections according to the

counterpoise method,

4.4

‘E<hilts are summarized in
table 4.13 . , @

ym of !a',hear water attached to the -NH3"
and -{H}Mﬁ cﬁ ﬂ ﬁher case showing
destabi have calculated.é scaling factor

m‘aﬁﬂm’m m t:l'} &1 Eltemmﬂ from
equation 4.5

fHF ey Etu;ter-ﬂimer " -3.67
EGLD ; -11.50

water-dimer

= 0.32 4.5

where & ﬂter-dime’r is taken from reference 25 and & Eﬁlafer* Aliee is
calculated by the minimal basis set leading to the energy of the water
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dimer 2.75 A* of -129.0511 hartree. The Hartree - Fock corrected

energy is calculated from
E‘_' i
a l::fzt::lr = a LULDX fHF 4.6

and the results are summarized in table 4.13

thé@a interaction energy, the

Table 4.13 Calculat ion

statilization energy, CO 'er.l “diteraction energies according

to equation 4.4 and \

water E:Ep Eg y & “Egl.bﬂ ﬂﬁﬁﬁr "Ef:n;r
1 |-304.6101 | -240 o2 4454~ -14.8 | +4.1 | -a.7
2 |-304.6188 | -240.0801, f: S | -20.3| +0.2 [ -6.5
3 [-304.6146 | -240.0947-} g 23.4 | -17.6 | +5.8 | -5.6
4 |-304.6196 20.8 (-10.0 | -6.7
5 [-304.619 | >4 _ 081"-20.8 | -10.0 -6.7
6 |-304.5045 | - - =N ek e = -1.6

‘o Y]

7 |-304.61 . uzgcﬂzv ﬂtﬁzﬁw H.‘!'] @z -4.5 | -4.9
8 |-304.6092q) -240.0812 | -64.5214 | 10.1 | -14.2| -4.1 | -a.5
9

ARBINITPUNTINPAY |

Total energies are reported in hartrees, and interaction energies

are reported in kecal/mol
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2.4 Calculation of the influence of hydration on electron
distribution. If we set the electron distribution of glycine

zwitterion in gas phase as reference, the influence of hydration on

electron density of each atom (0®™) can be calculated by

4.7

of groups (p5T°"P) due to

where n is the } ; sting group. All of the
results are reportedfinftablfis 4 14, 4. d 4.16
Table 4.14 i i o itio calculations)
atom , . gl@ water patm
fan
a:;nj = -0.015
U
Hz £.0.623 o - -0.037
PANTAUIN)IRGNY | oo
H4 0.747 0.752 - -0.005
H5 0.747 0.752 - -0.005
N 7.868 7.716 - +0.152
C1 6.462 6.500 - -0.038
C2 5.609 5.663 - -0.054




Table 4.14 continued

01 8.436 8.411 - +0.025
0z 8.382 8.358 - +0.024
0 (W1) 8.497 - 8.382 40.115
H1(W1) 0.786 - 0.809 -0.023
H2(W1) 0.788\/ /2 4 - 0.805 | -0.028
0 (W2) : ' / ' 8.382 +0.116
H1(W2) 0.809 -0.062
H2(W2) 0.809 -0.036
0 (W3) 8.382 40,107
H1(W3) 0.809 -0.038
H2(W3) 0.809 +0.005
0 (W4) 8.382. | +0.025
H1(W4) 0.809 | -0.052
H2(W4) 0.809 | -0.055
0 (Ws) : 8.382 40.025
H1(W5) o Wl 0.809 -0.052
H2(WS) p ¢ 0754 | - 0.809 | -0.055

ARIANTUAMINGAY



Table 4.15 Mulliken atomic populations (CNDO calculation)

atom wly-5W egly water patm
H1 - -0.014
HZ = -0.025
H3 - -0.025
H4 - -0.001
H5 - -0.001
N - +0.072
C1 - -0.001
Cc2 - -0.013
01 - +0.007
02 - +0.013
0 (wW1) 6.285 +).058
HI(W1) 0.858 -0.018
H2(W1) 0.858 -0.023
0 (W2) 6.285 +0.063
H1(W2) 0.858 -0.053
H2(W2) ﬂ 0.858 | -0.014
(HS] UEI’J Zly‘qﬂ wmnﬁ ﬁ 285 +0.059

' | 1/ ! ! . -0.049

0 (w4) 6.310 - 6.285 +0.025
H1(h4) 0.836 — 0.858 -0.022
HZ(W4) 0.831 - 0.858 -0.027




Table 4.15 continued

H1(W5) 0.836 - -
HZ(W5) 0.831 -

6.285
0.858
C.858

+0.025
-0.022
-0.027

bo

CNDO calculation

PR IUNTINY

- ﬂumwﬂmmnﬁ

+0.008
-0.003
+0.007
+0.018
-0.003
+0.021
-0.023

18 8™
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Calculation of the internal rotation of glycine zwitterion including

the hydration shell effect.

Figure 5.10 has proposed the geometry of glycine zwitterion in
conformation (0,0) including a first hydration shell consisting of 5
water molecules.

The influencing of hydratign shell on the internal rotation of

Table 4.17 The tota barriers of glycine

zwitterion plus drogen bond 2.75 A™ ,

fixing ¢ = 0" ,and Fixigg fhe- .‘ 1 shell’, rotating -NH:; alone
Angle (degrees) ' e ' Barrier (kcal/mol)
6..00 S5 18907 0.0
10.000 7 =105 788 8=ty | 1.4
20.00 [} , I 4.9
30.00 ¢4 -165.77% 8.5
B8 DN BN T

50 00 -165.7654

ARAANT JEIEN I NN 8Y
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Table 4.18 The total energy and the rotation barriers of glycine
zwitterion plus 5 waters, fixing hydrogen bond 2.75 A" fixing ¢ = 0"
¥ ¥

and fixing water 1,3, rotating —M-!; and water 2,4,5

Angle (degrees) Energy (hartree) Barrier (kcal/mol)
0.00 0.0
10.00 1.1
20.00 3.7
30.00 5.0
40.00 7
>0.00 9.3
60.00 10.0

i ' ' I
AULINENIneINg
ARIAATAUNNIINGIAY
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Table 4.19 The total energy and the rotation barriers of glycine

zwitterion plus 5 waters, fixing hydrogen bond 2.75 A*, fixing ¢ = O

and fixing the hydration shell, rotating -CO0~ alone

Angle (degrees) Energy (hartrees) Barrier (kcal/mol)
0.00 0.0
10.00 1.9
20.00 4.9
30.00 8.7
40.00 5.2
50.00 14.8
60.00 19.2
70.00 22.1
80.00 23.8
90.00 24.3

|
i
W

AUt INNIneIng
PRIAIATUAMINYIAE
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Table 4.20 The total energy and the rotation barriers of glycine
zwitterion plus 5 waters, fixing hydrogen bond 2.75 A", fixing ¢ = 0°
and fixing the water 2,3,4,5, rotating -CO0~ and water 1

Angle (degrees) Energy (hartrees) Barrier (kcal/mol)
0.00 0.0
10.00 j
20.00 4.2
30.00 7.3
40.00 10.9
50.00 14.0
60.00 17.1
7P.00 19.0
80.00 20.1
9C.00 20.5

AuLINgnIngns
IR TUAMINYAE
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Table 4.21 The total energy and the rotation barriers of glycine
zwitterion plus 5 waters, fixing hydrogen bond 2.75 A", fixing ¢ = 0,
and fixing the water 3, 4, 5, rotating -CO0  and water 2

Angle (degrees) Energy (hartrees) Barrier (kcal/mol)
0.00 0.0
10.00 1.4
20.00 5.0
30.00 8.6
4G.00 15.2
50.00 14.8
60.00 19.3
70.00 22.2
80.00 23.9
90.00 24.4

AULINENINeINg
RIAINIUNNINYIAY
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Table 4.22 The total energy and the rotation barriers of glycine
zwitterion plus 5 waters, fixing hydrogen bond 2.75 A", fixing ¢ = 0°

and fixing water 3,4,5, rotating -CO0  and water 1,2

Angle (degrees) Energy (hartrees) Barrier (kcal/mol)

0.00 0.0

10.00 1.3
20.00 4.7
30.00 7.3

40.00 11.8

60.00 17.3
70.00 ' 19.1
80.00 20.3

90.00 20.7

i
¢

AULINYNINYINT
RN IUNRININE

)
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Table 4.23 The total energy and the rotation barriers of glycine
zwitterion plus 5 waters, fixing hydrogen bond 2.75 A", fixing ¢ = 0,
and fixing water 2,4,5, rotating -CO0O  and water 1,3

Angle (degrees) Energy (hartrees) Barrier (kcal/mol)
0.00 0.0
10.00 0.5
20.00 4.6
30.00 7.8
40.00 11.7
50.00 16.1
60.00 18.6
70.00 19.2
80.00 18.1
90.00 15.6

I ' 1)
AuEINgNInens
ARIAIATAUIMINGINY
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Table 4.24 The total energy and the rotation barriers of glycine
zwitterion plus 5 waters, fixing hydrogen bond 2.75 A" , fixing ¢ = 0"
and fixing water 4,5, rotating -CO0 and water 1,2,3

Angle (degrees) Energy (hartrees) Barrier (kcal/mol)

0.0

0.6
5.1
Tt
12.6
16.6
18.5
19.3
18.2
15.8

]

AULINENTNYINS
PRIANTUAMINYAE
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Table 4.25 The total energy and the rotation barriers of glycine
zwitterion plus 5 water molecules, fixing hydrogen bond 2.75 A-,
fixing ¢ = 60", fixing water 2,4,5 (these water molecules have been

moved with -NH3+ groupto 60°) and fixing water 1, 3, rotating -C00~ alone

Angle (degrees) Barrier (kcal/mol)

0.00 0.0
15.00 1.4
30.00 4.8
45.00 7.6
75.00 12.6
90.00 13.6

AULINYNTNYINS
ARIAINTAUNNINGAE
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Table 4.26 The total energy and the rotation barriers of glycine
zwitterion plus 5 water molecules, fixing hydrogen bond 2.75 A"

fixing ¢ = 60", fixing water 2,4,5 (these water molecules have been
moved with - 3+ group to 60°) and fixing water 3 rotating -NH3+ and

water 1

Angle (degrees) Barrier (kcal/mol)
G.00 0.0
15.00 1.0
30.00 3.4
45.00 4.9
60.00 Tl
75.00 9.3
S90.00 9.8

AUEINENINYINT
PRI TUNMINYAE
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Table 4.27 The total energy and the rotation barriers of glycine
zwitterion plus 5 water molecules, fixing hydrogen bond 2.75 A",
fixing ¢ = 00" fixing water 2,4,5 (these water molecules have been

moved with -NH3+ group to 60°) rotating -COO and water 1,3

Angle (degrees) Barrier (kcal/mol)

0.00 0.0

15.00 1.4
30.00 3.8

45.00 7.2
60.00 9.5

75.00 8.9

90.00 5T

AULINENINeINg
RIAINTUUMINYIAE
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Table 4.28  The total energy and the rotation barriers of glycine
witterion plus 7 water molecules (4 water molecules are in the first
shell, 3 water molecules are in the second shell around ‘NH3+ group).
fixing ¢ = 0*, fixing water 3 and fixing water molecules in the second

shell, rotating -NHS* and water 2,4,5

Angle (degrees) Barrier (kcal/mol)

(.00 0.0
15.00 6.7
30.00 135.]
45.00 17.6
60.00 19.1

J ]
AULINENINYINT
RN TUNMINGINY
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Table 4.29 The total energy and the rotation barriers of glycine
zwitterion plus 4 water molecules (neglecting water 1), fixing
hydrogen bond 2.75 A* | fixing ¢ = 0° , and fixing water 3 rotating
‘NH3+ and water 2,4,5

Angle (degrees) Energy (hartree) Barrier (kcal/mol)

0.00 0.0
15.00 2.4
30.00 5.2
45.00 9.0
60.00 10.3

)
AULINENINYINS
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Table 4.30 The total energy and the rotation barriers of glycine
zwitterion plus 5 water molecules, fixing hydrogen bond 2.65 A" .

fixing ¢ = O"and fixing water 1,3, rotating - 3+ and water 2,4.,5

Angle (degrees) Energy (hartree) Barrier (kcal/mol)

2
e "“.‘1\1«'1*/' i
165. 80212, 2.7

15.00

30.00 5.8
45.00 10.0
60.00 11.5
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Table 4.31 The total energy and the rotation barriers of glycine
switter ion plus 5 water molecules, fixing hydrogen bond .85 5

! +
fixing ¢ = O"and Fixing water 1,3 rotating --NH3 and water 2,4,5

Angle (degrees) Energy (hartree) Barrier (kcal/mol)

0.00
15.00
30.00

45.00
60.00

v y: Q
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