A THEORETICAL STUDY OF THE INFLUENCE OF SOLVENT
ON THE INTERNAL ROTATION OF GLYCINE ZWITTERION

Chulalongkorn University
1985
ISBN 974-566-127-9

VRERS I 1L59365X



Thesis Title A Theoretical Study of the Influeuce of Solvent

By
Department

Thesis Advisor

hccepted by gfhefGraftia - School, Ghulalongkorn University in
Partial Fulfillment of the/Réquirements £ he Master's Degree.

... Dean of Graduate School
¥ H‘--D-)

ammﬁﬂ:m’“ﬂﬂﬁﬁﬂ

:..J-’I"MI

LR R Ilrl'lrl!l-- W r

(Associate Professor Sirirat ]Cokpol, Ph.D.)

Copyright of the Graduate School, Chulalongkorn University



iii

(' Fd n i
=
Wamadpaiivus  nsAmEWIagE]  D9HENs SuzaIAMIATatNNaan 1 TN 8 Ty
L
vaalnath &ininaslaaau
l‘ i A
fatidn b UrzEan AR

"
8137178

At
Unflmen

T8 asdu oa v inLaas '51_-E!-11ﬂ§;1ﬂﬂ n13fin A9 1uEY
imausatuIznarelnadu &3 At pwrieansey  Taslg3an aniun

5
Wauuy  Lolauining  wavidud ’1nGQﬁ1mnﬂaﬁﬁh ua*na1ntuiau (/Y

mi'ﬂuuaﬁimm’x 08 &

, 1L -i- it lnedu  #3auaarle
v-—-—*-——-J -

namn‘luﬂnmq'[ i1 g8 iunammuumﬂ'lumq

nadhu sninaslan: : rru*mnmq utana umaglu ) mﬁnia fidlnanas dsuwng

. ﬁﬂr’zr‘?ﬂwﬁ‘ﬂ 4TIk
ammnim 1A13N878 Y



iv

Thesis Title A Theoretical Study of the Influeuce of Solvent

on the Internal Rotaion of Glycine Zwitterion

Name Mr. Prayong Doungdee
Thesis Advisor Associate Professor, Sirirat Kokpol, Ph.D.
N
Department f" F7 M\
| @ )
Academic Year | \ & i
- i 2
M?}'""HE:;.:‘
To const of glycine zwitterion, the

interaction of gl th water has been studied. The
coordination sites has been
": and ab initio

calculations wit] Egts. The abilities and
limitations of baa computational frame rk&ra critically discussed

o 1) o 131 kT A
AN T IR

orbital calculations. The energy optimized pathway is discusseﬁ and

relative stability of
evaluated using .

compared with that of the isolated molecule, evaluating the
possibility of corotation of the hydration shell during conformational
changes.



Mcknowledgements

1 would like to thank Visiting Professor B. M. Rode and

Associate Professor Sirirat ! pol for the direction and the advice

: I am also grateful to
the System Analyze aratc ¥ the Computer Center of
h suggestions about the
programs. A Narmngam, who has given
me encouragement 2 shout my months of work on

N
this project. roofread the English version.

FI‘L!EI’JVIEW]?WEI’]ﬂ’i
’QW’lﬁ\‘iﬂiﬁUNWﬁ’mmﬁﬂ



Contents

Pages
ABSTRACT [ in Thal Jus: ssmmsmism s simnimmie s ses i man ses iii
ABSTRACT  .cccevnsasassosaanmassnais R e R iv
Acknowledgements .......... W S S S - v
List of Tables ...... be o s ix
List of Figure e ol - T N xvi
Chapter 1 = 45 \\ lar Orbital Theory ... 4
. 4 ‘\ --------------- 5
\ IIIIIII - EEEeE - B
\' combination
of at orbil '-:'-J Eak L) el BEION cnceasa e 9
L ;
Self consistest field @molecular orbital theory ... n
S it T 4 .l-" ¥ - M O SRR 1 1
B LY b 13

ﬂﬂ’ﬂfﬁfﬁﬁﬁ?ﬂﬂﬁ::::::: -
~SATRNNIUNAANGINY

SCF equation and transformation properties ....... \ 18

Approximation with complete neglect of

differential overlap (ONDO) ......c.oecvoeocccaaaaas 20
1. The neglect of overlap (NO) .............. 21

2. The zero-differential-overlap (ZDO)

apProXiMALION .o.vissassrranmmsmrsssssvsrss 21



Contents continued

3. The core hamiltonian approximation.

------

The CNDO parametrization

-------------------------

1. The local core matrix element UA

--------------

Chapter III i a] mfopmatien, of \MoYecules in

e
*,’ R

'.i.l‘

rmination of intgraction energies from
ﬂ%@%ﬂ&lﬂmﬂ‘im --------
Pbpulatlon anallrsis . igm i s ws il e e .

ammﬂimum'mmaa

Ehapter IV Calculation

---------------------------------

Calculation of the internal rotation of isolated

glycine zwitterion

-------------------------------

2. The electron-core potential intergrals ?h..

vii

Pages

32

(]

5
35

38

- 38

38

40



Contents continued

Determination of the hydration shell and
calculation of the hydration energy of glycine
zwitterion. ....... T L e o
the water binding sites
'@eraction energy of
-d'
ater (fixing the
nee dt 2.75 A°) ........
NN
\ ion of glycine
shell effect. .
mpter ? """""""" - s e e s
ell of glycine
_.:h electron
tiun R s R R R R E
The imfluence of h)'du;mn on the internal rotation
mﬁlﬂ’kﬂam mmq EARE
ﬂPPﬂ*IDIX B CNDO Program ....ccscescoasse e a T e Ak e
APPENDIX C The Coordinate Program .......eveeeecsseecanns Sekee

viii

Pages

45

a5

58
67
82
82
88
106
109
122

142
145



List of Tables

Table 4.1 The peometry parameters of glycine zwitterion.

All bond lengths and bond angles are reported

in A and degrees re 5 £, B Sy e
Table 4.2 The total enefgy & &Etation barriers of
) g - ‘.l . 3 4- b m]n Lo e 5

Table 4.3

Table 4.4 ‘ tation barriers of

form U'— " “:::_J ‘,
Tema -2 ion barriers of
:..," rotating ¢

Table 4.6 The optimization ofgenergy for

Plbdebiod 1) Ve Eﬂﬂ@ -0

distance of the¢-CO0™ groyp,and water lgs..........
rab1@lah 6 kb of | ehendy el | afcine
: zwitterion and water 2, Optimizing O0-0
distance of the linear hydrogen bond OH-O .........
Table 4.7B The optimization of energy for glycine
zwitterion and water 2, rotating of water

around C=0 bond with the OH-0 distance 2.40 A™....

1%

Pages

35

42

4z

a4

44

45



List of tables continued

Pages

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 ( ) CONLEE. ssnsvesaviesavisas 51
Table 4.7D The optimi y for glycine
: <C00 = 130°,

0 distance ....... 51

Table 4.7E

oot = 130"
Vel L ) Center T s 52
Table 4.7F The opfimizatidi dfidenergy for glycine

otating of water

Table 4.8A The Etimiza on of energy ar glycine
ﬁwittaﬁﬁv and water/3, optimizing O0-0
NI WS ... -
Y
AR TS T A
T ) el of OLEL
q 0
around C=0 bond with the OH-O distance 2.40 A'.... 53
Table 4.8C The optimization of energy for glycine
zwitterion and water 3, fixing OH-O distance

2.40 A" , fixing <CO0 = 95" , rotating water

around O (of water) Center. ....evesvcssccaccncaans 54



List of tables continued

Table 4.8D The optimization of energy for glycine
zwitterion and water 3, fixing <COD = 95°
fixing <OOH = 10° , and optimizing OH-0

distance .......

Table 4.8E The optimiza ' _y for glycine

zwitterion p OH-O distance

2.40

.L. //'"\\

ating water

Table 4.8F // a1y \\\ glycine

Table 4.9 glycine
ing NH-O

- BESR
Table 4.10 ergy gr glycine

zwitteriegn and watens 6, optimizing

Phldaile ‘I’lﬂﬂﬁ.iﬂﬂ'lﬂ‘a' ............

Table 4. 11 ptimizatién of enﬁy for

9 wm&mm &

Table 4.12 Total energies and interaction energies of
glycine zwitterion complexes with one water

molecule in nine different conformations

(ENIE calcuIAEI0N): ik svnaennsas v daarinaste

----------------------------

xi

Pages

55

S5

56

57

60



List of tables continued

Table 4.13

Table 4.14

Table 4.14
Table 4.15
Table 4.15
Table 4.16

Table 4.17

e mﬁ’m T

Calculation of the ab initio interaction
energy, the stabilization energy, and the

corrected interaction energies according to

(ab 1initio

.................

-----------------

barriers
jater molecules,
: —_, g4 =0,

shell, rotating

zwittefion plusS.water molegcnles,

awwﬁ&mmnmmw

Table 4.19 The total energy and the rotation barriers of

and fixing the hydration shell, rotating -COO™ alone

fixing water 1,3, rotating —NHS and

water 2,4,5 .....

glycine zwitterion plus 5 water molecules,

fixing hydrogen bond 2.75 A*, fixing ¢ = 0,

--------

xi1

Pages

62

64

65
66

66

67

68

69



List of tables continued

Table 4.20 The total energy and the rotation barriers of
glycine zwitterion plus 5 water molecules,
fixing hydrogen bond 2.75 A", fixing ¢ = 0°

and fixing the wat ,3,4,5, rotating -COO0™

.

Table 4.21 The totdls 2 gation barriers

and water 1

r molecules,

fixin:\ 1"i'f;,/!- ﬂqtsﬁsth‘K ing 9 = 0,

-----------------

Table 4.22 The tofal nérgy ‘andthe ratation barriers of

tterion pl ' or  molecules,

Yy Borid 2.757" ,Fixing ¢ = 0°and

glycine #z
fixing hydro
_ C00" and water 1,2 ...
Table 4.23 Thel “fotal energy @nd theTotarion barriers
plqg 5 water
moleculéss, fixing hygdrogen bond 2.75 A",

Pl od Y11 Vhod PHERNRGR 20,

-C00 and water 1,B-.cccceeeees T e
) mm’!amuma L e
of glycine zwitterion plus 5 water
molecules, fixing hydrogen bond 2.75 A",
fixing ¢ = 0"and fixing water 4,5, rotating
00 208 WAt 1, 2.3 cevennarendessasiisponsesansis

%iiil

Pages

70

71

73

74



List of tables continued

Table 4.25

Table 4.26

Table 4.27

The total energy and the rotation barriers of
glycine zwitterion plus 5 water molecules,

.75 A", fixing ¢ = 60",

fixing hydrogen bond

fixing water’ 2 ‘,i @fse water molecules

moleculé ; ~v?f:.u : [“ ' EPUUP to

; ‘ -

jof | barriers

Tus '-uf;r molecules,

AsZd) m“ﬂb‘?ﬁﬁifﬂ“ﬂﬁ”h“i;is

wmmmﬂmq yEARLL....

Table 4.23 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

xiv

Pages

7



XV

List of tables continued

Pages
shell, rotating -hIH:,.}"F and water £,4,5

Table 4.29 The total energy and the rotation barriers of

glycine zwitterion plus 4 water molecules

e eeeeennns ol 79

Table 4.30 alwen®toy and the Tovation barriers of
molecules,
ng ¢ = 0°
-NH;" and
water 2 R B . - cccnscasnnsaans 80
Table 4.31 The totalfengrgy . 3 rota \ n barriers of
glycine Zwitterzon ¢ water molecules,
fixing hydroges Hond 7 fixing ¢ = 0°
- -'_"f m”; and water

Table 5.1 The interacti ion energles‘pf glycin zwitterion

ALEI DN IHBAAT. o

ifferent conforghation ... mcccccccvcca@eprcssecaas 82
mwmﬁm'ifuumfamnaa.w 5
Table 5 2 Total energy and hydration energy of hydrated

glycine zwitterion, in various hydrogen
DO BESEBNEE [ ovmaieis e o s s s o s o o i 84

Table 5.3 The barriers for internal rotation of
hydrated glycine zwitterion are a function of

Hydrogen bond ‘diStance ....cccessrscscccccccccssess 101



xvi

List of Figures
Figure A The structure of two different conformation

Figure 1.1 The potential energy surface of molecule .......... 7

Figure 4.1 The glycine zu

N,C1,C | 40

Figure 4.2 The

ssssssesEEEEE s EE 41

Figure 4.3 tterion
I.ﬁi‘..."...“ ----- - 45
Figure 4.4 T

- jrli - E R A SRR R e s R e 46

Figure 4.5 The optimization of glygine zwitterion

ﬂm«mw ENIWEINF s @

nptmzatmrl’of glycing-zwitterion g
awmﬂnﬁmummmaﬂ ....... "
F1gure 4.7 The optimization of glycine zwitterion
and water 6 ....... N R TR o, TRy
Figure 4.8 The optimization of glycine zwitterion
and water 8 il e e s R R T e S e a e 49
Figure 4.9 The nine most stabilized water positions around

glycine zwitterion with fixed hydrogen bond distance 2.75 A" .. 58



xvii

List of Figures continued

Pages
Figure 5.1 The glycine zwitterion with 5 water molecules in
the hydration shell by CNDO optimization ...... =T 83
Figure 5.2 The most favored water molecules around Formate
optimized by ab
...................... 84

Figure 5.3 The glycimesazwitterion “water molecules in

the firs®hyderaito ATY

s™Are *ff;f i ';; NHH‘;& _; ________________ 3 .
:Zd /‘\ | 6

Figure 5.4

Figure 5.5

L rar.@ts are
Miii.it?."‘iiiiﬁﬂiﬁiiﬁiﬁiiii Bg

o s UL L 1 ELA4 AL
n TR ESHLIANEIA Y

the direction of the charge transfer

between groups of atoms. (The result is

taken from table 4.16) ............ R - 90
Figure 5.7 The rotation pathway of glycine

zwitterion, changing conformation (0,0)

g3 0 oy O e S B N e i e 92



xviii

List of Figures continued

Pages
Figure 5.8 The rotation pathway of glycine
zwitterion, changing conformation (60,0)
to (60,90) ...ieesea R A R A e W 92
Figure 5.9 The predicted mo
93
Figure 5.10 The glyci
95
Figure 5.11 The
96

Figure 5.12 The

}"

-y
4111115 4T S
W’f&iﬁmhﬁﬁﬁiﬁé’aw", .

Figure 5.14 The rotation pathway glycine

zwitterion including 5 water molecules
in the hydration shell, fixing ¢ = 607,
rotating ¢ from O to 90" (figure 5.13) .....cvv.... 100



List of Figures continued

Figure 5.15 The comparison of the rotation pathways
for hydrated glycine zwitterion rotating

-NHS’ group and water 2,4,5, at varying
hydrogen bond digtances, A = 2.65 A",

I

B=2.75 A iRRAREAIA, . .........

Figure 5.16 Model of Flyeiiie i éuding 4

water me

C L] 1'-"‘ hvdratfio
L o

;"4_] Srgn B : b ~\ Gssssssssas

Figure 5.17 The i

AUEINENINEINg

xix

Pages

R 102

ARIANTAUNNIINGIAY



	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

