Chapter V

Discussion and Conclusion

Discussion of the hydration shell of glycine zwitterion in aqueous

Witterim interaction energies
yo optimization all hydrogen

solution.

All calculated
have been summarized i ’

bonds are 2.2 - 2.2
kcal/mol, which

energies are 10.0 - 30.1
mwabsolute values, due to
artificial stabilafatibnd ff toq short hydregen bond distances. This
artefact is alreg similar systems, when CNDO
ying hydrogen bonds (20).

Table 5.1 The inte “glycine zwitterion complexes

with one water molecule il fine it conformation
water | CNDO . CN : £ A® | ab initio |AE .
_ — | o

| AHYINHNINEIND] e |
2 Y_30.1 s S 03 |6
sQRIRINTIUUNRRNYIRYs | =
T, -14.9 -11.2 -20.8 |-6.7
5 -14.9 “11.2 208 |=6.7
6 -10.0 = 4.5 5.0 <16
7 -14.3 - 9.3 -15.2  |-4.9




83

Table 5.1 continued

8 -135.4 - 8.8 -14.2 -4.5
9 -13.9 -10.1 -9.3 -3.0

All interaction energ are reported in kcal/mol

The source e/ mainly from the ZDO

approximation, wha€l TiCs tts|a e of two electron integrals

representing repulsion. Therefore, the

attractive t "w»‘:#\\-* optimization yields

i x .
too short bond nd overestimated interaction energies.

quﬁ’qum "
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Figure 5.1 The glycine zwitterion with 5 water molecules in the

hydration shell by CNDO optimization
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Figure 5.2 The mo formate ion and ethylamine

ion, optimized by ab

, pencial  useluliess of t CNDO optimization
procedure is :a in the - oﬂfiv& most favoured water
positions (figure 541), when the result is compared with the ab initio

oo ol b Wi 0 R B T coamantn

(figure 5. ﬂ as a general agreemmt gematn arrangements is
mamaﬂﬂimumwmaa

Because of the unrealistic hydrogen bond lengths, we had to
recalculate all positions of waters at a fixed hydrogen bond distance
of 2.75 Aby both CNDO and ab initio methods.

From the CNDOQ calculations, interaction energies of 4.5 - 15.7
kcal/mcl. The results are much more realistic in magnitude when

compared with the ab initio calculations. However, when the relative
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order of stabilization
differences are observed. The most favored positions calculated by
CNDO are those numbered 2 and 3 (-15.7 and -14.7 keal/mol). By ab
initio calculation positions 2, 4, 5 ( -20.3, -20.8, -20.8 kcal/mol )
are predicted to be most stabilized. This means that the CNDO

calculation overestimates (as uspal) a cyclic structure (water Z leads

/y The results of the ab initio
m@ full hydration shell, as
TET———

they should be definiwe?¥ LioTe ack _
ow

It should aued) \ - ;.\_», “*that the CNDO method has

to a cyclic structure; s

calculations will be u

proved a great help procedure which could

not have been perfofiie 411 "3b Jnitio\calculations.

In order to imations in the minimal

basis set calculatio Wdrogen bond distance 2.75

A° was calculated, basis set as for the

glycine- water calcula

energy is -11.5 kcal/mol.

The results of cc V__ —'"'“‘—"—;'“ﬁ: g0 reported in table 5.1
In generalw 'y%étiun shell occurs when

the solute-solvent gi ractmn 1 larger than the solvent-solvent

mtermﬂw SYRRTHEIA R mer-icn

zwitterion J_nteractmns corgespond to_po sitions 2, 3 4 and 5.

their ﬂtmc%a ﬂn ;m ma'}ﬂﬂ ﬂm water dimer,
these fuur water molecules form a specific hydration shell structure. The
other water molecules are at positions 1, 7 and 8, which interaction
energies of 14.2-15.2 kcal/mol are also stabilized, but are not much
different from the water dimer's interaction energy. The water
position 1 was choosen for the full hydration shell, whereas waters 7

and 8 were neglected due to solvent-solvent repulsion effects when the
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full shell is formed. The waters 6 and 9 had to be neglected as their
interaction energies are lower than that of the water dimer. The
waters around the -COO™ group, for which the interaction energies are
not much different from that of the water dimer, are probably not
strongly oriented in the hydration shell and should be easily
exchanged. Figure 5.3 shows a model for the first hydration shell for

glycine zwitterion in accordlane our results. From figure 5.4

which represents exper-,fay:f‘ 1; De hydration of glycine in

aqueous sclution it ated hydration numbers

are very likely to b

W5

ﬂ‘uEl ﬂtl i WEN
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Figure 5.3 The glycine zwitterion with 5 water molecules in the

hydration shell. All hydrogen bonds are 2.75 A-
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{n) hydration numbers

- M

10 7

I I \\\ temp (C*)
Figure 5.4 The experim I of glycine Zwitterion in

aqueous solution. Grap -,_ ludedla Second hydration shell (26),
graph B including only thé-£iFst hyi en_shell (27)

We have alﬁe %tiﬂi energy of glycine

zwitterion based on §- .g-aters with hwrugen bond distances 2.65, 2.75

and 2.85 aﬂﬁ{]%&}%&lwaﬁa ble 5.2 In CNDO

calculations q change of bydrogen btmd of ahout A® leads to a
euid V0 BRG] W

e calculated tydration energy should be considerably too
high because of the overestimated stabilization in the ab initio
method due to the basis set superposition error. However when we apply
the £F correction, the hydration energy is 28.7 kcal/mol, which seems
reasonable, as the experimental value ( 52 kcal/mol, reference 28)

contains still the transformation energy from neutral glycine to its
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zwitterionic form (29 kcal/mol), which was computed by extended ab

initio calculations. (29).

Table 5.2 Total energy and hydration energy of hydrated glycine

zwitterion, in various hydrogen bond distance

Hydrogen bond ab initio calculation

total E  hydration E

, .

2.65 ‘ =~ =

2.75 ~-562.7948 -89.7

2.85 - =

Total energi rtrees, hydration energies are

reported in k
Influence of ‘l:l}&ml ration on th rm@iatributiun in glycine
zwitterion.

U N BN AN B e o

glycine zu&!terian and glyeine zwittepion with finst hydration shell

o= alntol }5|000 kod it Yo T T

111u5trates this change of atomic population of glycine zwitterion
upon hydration. Although the atomic population changes of the CNDO
calculation are of the same direction as the ab initio data, they are
generally lower.

For the change of atomic populations of functional groups of

atoms from figure 5.6, the main electron density transfer from waters
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to glycine zwitterion is found to occur with waters 4 and 5 and partly
from water 2. Transfer occurs to the —NH_,,"' group (0.063 e) and the
other 0.137 e are transferred through the backbone of the glycine
zwitterion to waters 1, 2 and 3 which are the charge receivers from
glycine zwitterion. The -CH, and -COO™ group also display a density

decrease, which is transfer ter molecules too.

The total charg : zwitterion with the hydration
ﬂﬁ 0.005) according to the ab
—

U8_~—"0:003 + 0.007), according to

shell increases by 0.0%
initio calculation

the CNDO calcul #s,. this means that charge is

% .
to g [Tie zwitterion.

transferred from

-0.037(-0.025)

~0.037(-0.025) llb ).152(+0.07: i
+0.025(+0.007)

AU Ienangms
VAT R

-0.005(-0.001)
+0.024(+0.013)

Figure 5.5 The atomic population of glycine zwitterion due to the
influence of hydration (the value in brackets are calculated by CNDO)



-0.082(-0.023)

s m +0.018(-0.003)

- £;_{J | - l
F +0.063 ’/'
AR
-0.082(-0.023) -~ — ,

+0.064(+0.018)

influence of hydrprﬁm in gl&c&lpezuitt.mamshm the

srscrion o i V444 A B 5 sns. e v

in the hracka!: are CNDO calculation)
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The influence of hydration on internal rotation of glycine zwitterion

According to tables 4.3 and 4.4, the minimum  energy
conformation for glycine zwitterion is (¢,4) = (0,0). This corresponds
to the planar conformation in which an interaction between the two
groups -NHS" and -CO0” via an intramolecular hydrogen bond  NH-O

with bond length N-O = 2.0 A" gnd, an approximate interaction energy 3.3

kcal/mol is enabled. The aht. of the two conformations (60,0)

!méectnely

Two factor winfluence eonft ional changes of glycine
zwitterion are € e’ two charged ends of the
molecule ( vNH:,' " 1le d\ the repulsion between N and C
hydrogen atoms. ¢ |

factors, but the né plves only the attraction

between the two charge | _. S04 hat the Overall barrier is lower in
the case of the angle :_; f,f' and 5.8 present the minimum

pathway for

glycine zwitterion which

commences with{ =@

continues by rotz@.ng

90). The last confiopmation has the,barrier 5. 8 kcal/mol (table 4.5).

mﬂuﬂmﬂmwﬁm@m L ki

predictin i uther minimum sconformatigns for glycipe zwitterion. For

mﬂe L83 D383 Bdid LI IRR heve predicted

the mmmum conformation to be (60,0) which is the favoured one

o) first to 60° and then

lﬁding to conformation (60,

considering the repulsion between the N and C hydrogen atoms only. The
error prediction of these calculations apparently arises from the
neglect of electron electron repulsion. The CNDO result is in
agreement with the ab initio calculation, so that the internal

rotation can reasonably be studied by the CNDO method .
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kcal/mol

ycine zwitterion, changing

Figure 5.7
conformation (0,0)

kcal/mol -

1 AUEINENTNY
1IN0

L]
15 30 45 60 75 Degrees

Figure 5.8 The rotation pathway of glycine zwitterion, changing
conformation (60,0) to (60,90)
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Hiickel calculation
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59 The predicted most stable conformat

mﬂ HNANIS B WA RTANE
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When the solvent was introduced, only the first hydration
shell was considered which includes 5 waters (figure 5.10).  From
tables 4.17 to 4.24 and figures 5.11 and 5.12, the minimum conformation
of hydrated glycine zwittterion remains conformation (0,0). Starting
from the minimum conformation, rotation of angle e is still easier than

rotation of the angle ¢ , i e barrier is lower. This indicates

that the repulsion ofg . hydrogens continues to be an
important effect fo change of the glycine
zwitterion even in{ 31 ~ pathway in the change of
conformation, . . A5 in the gas phase, 1i.e.
the angle ¢ 1is aformation (60,0) , and the
rotation of the

From figuf mter 2, 4, 5) are rotated
together with the , the barriers will be 3.5
kcal/mol lower compar £e &) ‘the a on of the --I'JH._,'+ group fixing
these waters (graphiAJi “For - which lies between the two
hfdrnphilic .t.f '. 4 show nearly the same
shape and barri height; CatIng tha the hydrogen bonds from

water 2 to glycine Zwitterion (NH<O and OH-0) are nearly equivalent in

energy (g¢ l:u m maquim‘gﬂ“ and graph B shows
is broKen). Thussthe probabildty for water 2 to
A RS N AR WENE sr -

reason for the decreased barrier in graph B as compared to that of A.
In the case of rotation of the angle ¢ graph B of figure 5.11
represents the most suitable pathways. As mentioned above, the rotation
of angle ¢ is easier than that of angle ¢ . Figure 5.14 presents the
pathways for rotation of the angle ¢ of hydrated glycine zwitterion,

starting from conformation (60,0) .
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Figure 5.11 “ ‘t'; > zwitterion including 5

water molecules 11} the hydrntim shell, fixing ¢ = 0", rotating ¢

fmﬂtﬂﬂﬂ&l’)'ﬂﬂﬂ‘iﬂﬂﬁﬂ‘i

the hydral;mn shell, rutntmg —Nb group alone

Q ﬁm‘ﬂ%ﬁd S48 F02 )y o wers 2. 4

the C-N bond

C. After rotating of the —hl-ls group and waters 2, 4, 5 to
60", adjusting water 2 symmetry with water 5
' D. The rotation of glycine zwitterion neglecting the

hydration shell effect, fixing ¢ = 0" , rotating ¢ from 0" to 60°
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Figure 5.12 u'g tterion including 5

water molecules in ﬁe |

s A SRR g i

xing waters 1, 3§ 4, 5, rotating -CO0  group, and water 2

%ﬂﬁ:ﬂ%ﬁfu b i) a5 b P aters 1,

D. Fixing waters 2, 3, 4, 5, rotating -CO0" group, and water 1

X ' = 0°, rotating ¢ from

E. Fixing waters 1, 2, 4, 5, rotating -COO™ group, and water 3

F. Fixing waters 4, 5, rotating -CO0" group, and waters 1, 2, 3

G. The rotation of glycine zwitterion neglecting the hydration
shell effect, fixing ¢ = 0° , rotating ¢ from 0° to 90°
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Before discussing the rotation of angle ¢ at fixed angle ¢ =
60", we have to consider the change of the hydration shell after
rotating the nNH3+ group and the waters 2, 4, 5 to 60° (figure 5.
11). From the partial glycine-water interaction energies (table 5.1),
it was found that the interaction energies of all waters near the -C0O~

.2 - 15.2 kcal/mol) and about 3 - 4
“"‘ﬁimer. A change of the water

é&, the hydration shell of
ﬁh‘Q:iiii:\as shown in figure 5.13,

group are in the same range

kcal/mol higher than

positions around th
glycine zwitterion i

should be possible:

W5

AU INATS D3
RN IUWMINYINE

Figure 5.13 Glycine zwitterion including 5 water molecules in the

hydration shell after rotating -NHS* group together with waters 2, 4, 5

to 60°
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In figure 5.14, which represents the rotation pathways for
changing the angle ¢ of hydrated glycine zwitterion, graph A
represents the rotation of -C00™ group alone with in a fixed hydration
shell. The corresponding barrier is 13.6 kcal/mol. When water 1 is
rotated together with the -COO™ group, the barrier decreases to 9.8

, 3 and the -CO0™ group are

kcal/mol (graph B), and ater
rotated simultaneously ,) 9.5 kcal/mol, but the peak of

the maximum confo 5 (graph C) , because upon

rotation of ¢ to 6 er 3 and the ~~NH3 group

will allow some €nerg San \ alid for the rotation of

%) 4@ ation of -CO0” group and
1D el | 2

ey also show the effect

-C00~ group and Wi
water, 1, 2 and
of water 3 shif . Therefore, graph C of
figure 5.14 pathway of rotating the
angle ¢in hydrated gl

However ,

-

calculated ass nrgg-Tigia-molecules,

this work have been

picise of internal rotation
of glycine zwitterion 1 . Che ﬂometry changes slightly.
When a solvent is dntroduced, a distortion of the solvent shell will

stso occuff] ot ) EJ syl Rk rovaving whe -t

group and Hater 2,4,5 to 60" (graph B) , we have g9 adjust water 2,
wnici| ksl 5 mmum'; T8 Qb o). novever,
ad;ustmg the water geometry to every conformation change would
require unreasonable computing times, so that rigid molecules had to
be used.

A comparison of the rotational pathways for isclated and
hydrated glycine zwitterion shows that, from the minimum conformation

(0,0), isolated glycine zwitterion in gas phase at room temperature
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(kT = 0.6 kcal/mol), can vibrate about 15 around the minimum
conformation, i.e. (¢,4) = (15,215 ) (figure 5.11 and 5.12). When
the solvent is present, this range of vibration will be decreased

to (¢,4) = (27,27) and the overall barrier will increase by the

solvation by the factor of 2 .

kecal /mol

15 4

10 <

B
el

T'l T T

L0 75 Degrees

Figure 5. 1ﬂ wqm#;gw&;}m“enm including 5

water mnlecules in the hydrafion shell ofixing ¢ = @0°, rotating ¢ from
mammﬂmm UNIANEAE

ﬁ Fixing waters 1, 3, rotating -C00 group alone

B. Fixing waters 3, rotating -CO0" group, and waters 1, around
the C-C bond

C. Rotating -COO” group and waters 1, 3

D. The rotation of glycine zwitterion necglecting the

hydration shell effect, fixing ¢ = 60" , rotating ¢ from 0" to 90
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As 1in the case of the hydration energy, the conformation of
hydrated glycine zwitterion is also a function of the hydrogen bond
distance. We have tested the rotation of the angle ¢ (including the
rotation of -NH3+ and waters 2, 4 and 5 ) for other hydrogen bond
distances (2.65 and 2.85 A® ), and the results are summarized in
table 5.3. The comparison of the rotation pathways is given in

ical and the barrier height at the

of hydrated glycine

stance.
Y £'% (kcal/mol)
Hydrogen bond (A") coitfoim conformation
2 (60,00)
AT
2.65 , -y 11.5
2.75 E | 10.0
2.85 flaa 4.3 @ 8.6
1 17 i
ayeine L UYRNENINBENNG s
U
¢ o 573
- l . ! ‘ &1%&&1‘ 2,4,5,

¢ rotation means the rotation of -COO™ group and water 1,3
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kecal/mol

106 =

Degrees

Figure 5.15 ion pathways for hydrated

glycine zwitterion d water 2,4,5, at varying

hydrogen bond distances, 2.?5 A", C= Z2.85 A"

Upon 14 ; g Off glycine zwitterion in
water, some Hete&:ol ales wil ate to r with -hl-l;end -C00~
groups. We have performed some prelimin inary calculations of the effect
of a SECDQ uﬁl gm g‘ﬂé w %Jalﬂ ﬁse*::nnd shell waters

ance is 5.5 A* (figures5.16). The.,barrier height increases from

. sqmm NS TAHATRBENR Bt et

is represented in figure 5.17 .

However, for the second shell waters, interaction energies are
considerable weaker than the water in the first shell (5.3 kcal/mol
per glycine-water, CNDO calculation) so that the second shell waters
do not adjustwell-crderedly, and will easily be change between being
second shell and being bulk water.
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Figure 5.16 ﬂﬁé@%ﬂ%’ﬁn&iﬂ‘ﬂ@ 4 water molecules

in first hyd¥ation shell apd 3 water molecules, in the second

“"“’“@Wﬁﬁ\?ﬂ‘imﬂﬁﬂﬂmﬁﬂ
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kcal/mol

Degrees

Figure 5.17 The internal t '*;n ays of glycine zwitterion
including the segond sl ' _
A £ hlfi;; water 3, rotating -NH3+
group and water 2.8,5 b
ine zwitterion -ingluding 4 water molecules in the first
Bk iw YIRS I v 2.0

ﬁ me zwittérion including 5 uater.}n the first shell,

AN DIUURINYIAY

For the results of all calculations, it can be finally concluded
that the water in the first hydration shell exerts a major influence on
the internal rotation and hence the conformational stability of glycine
zwitterion especially as far as pathways for the conformational changes

are concerned.
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Conclusion

The supermolecule model which we have used for studying the
influence of solvent on the internal rotation of glycine zwitterion
can be only a rough approximation. However, the main influences in
aqueous solution should be reflected properly by this approach. Some

as the dynamic exchange and the

temperature effects have Geeh Negloore However, our model containing
5 water molecules in the St 8 #e expected to describe at

least the directi{ dence the solvent on the

In this | A1 on |\ the co formational changes and
barriers have been" obgal ed by the CNDO, me fiol. Sometimes inadequate
description of hydrege ing- by ) have some effects on the
determination of co ! too .‘, estigate these effects very
extensive ab initio ¢ culs ve been needed. However CNDO
at reasonably fixed hy@rogen nces was shown to work quite
reliably and tﬁ': Ffinteractions. It was
assumed , therefan that thod Ealﬂs correct results on
conformations and much lagger ab initio calculations would

M mﬂ uﬁ@ wﬂm@wﬂq @ e quanticies under

mvestlgation. The general ¢ffects, which are of i ipportance for the

A ) O AU P s o

flenblhty of conformations in water, could be evaluated, and this

was the objective of this work.
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