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QM geometry optimization of alanine

A PDB file of alanine

Hl 1:lennon.ccr.buffalo.edu - lennon - $5H Secure Shell

File Edit Yiew Window Help

H gl © 2 B

Quick Connect | Profiles

RN LS

EE Aocelrys ViewerPro PDE file

LE Created: Tue Aug 29 14:13:48 Eastern Davlight
ATOM 1 N ALL 21la 6,979 -9.333 Z23.763
ATOM 2 H ALL 213 6,772 -5.409 24,0890
ATOM 3 CA ALL 21a 7.664 -9.259 22,430
ATOM 4 Hi ALL 2la 7.0456 -8.771 Z1.733
ATOM & CB ALA 213 §.992 -8.523 ZZ.65l
ATOM & HEBE1l ALL z2la 9.579 -9.084 Z23.360
ATOM 7 HBZ ALA z2la O.5l3 -8.463 Z21.5693
ATOM 8 HB3 ALL 2la 8.820 -7.B17 Z23.034
ATOM 9 C ALL 21la 7.943 -10.700 ZZ.06Z
ATOM 10 0 ALL 213 7.747 -11.6l6 ZZ.843
ATOM 11 020 AL& 21a §.470 -10.933 Z0.686
"ala.pdb™ [dos] 1L, 1176C

Connected ko lennon, cor,buffala, edu 55HZ - aes128-che - hmac-mds
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QM geometry optimization of alanine

Copy and paste the

coordinates
‘E 1:lennon.ccr.buffalo.edu - lennon - 55H Secure Shell
File Edit Yiew ‘Window Help
E & & = &S S @R
& Swick Cannect || Prafiles
I \
fmolecule
>0 1
Molecular Charge ‘ &7 £.979 -9.333 23.768
H 6,772 -8.409 24,090
C T.664 -9.250 22,4490
H T.046 0 -85.771 Z21.738
1 11 C §.992 -5.523 Z22.651
Mu":IplICIty Of the H 9.579 -9.034 23.3a60
1 H 9,518 -5.468 Z21.698
eleCtronIC Wave H §.820 -7.517 23.034
functlon C 7.948 -10.700 22.062
0 7.747 -11.616 22,848

Connected to lennon, cor,buffalo, edu

553HZ - ags128-chbe - hmac-mds -
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QM geometry optimization of alanine

# 1:lennon.ccr. buffalo.edu - lennon - S5H Secure Shell

Geometry

optm aton Eile  Edit  Mew Window Help
Imizati . S
H S M2 B0 & S8 % £8
& Quick Connect || Profiles
g.470 -10.933 20,6586
7,565 -9.794 24,435
H H S 598 -11.974 20,577
Hamiltonian
Jobtype opt ! geometry optimizat
exchange =~ hilvp ! hybrid exchange
: hasis — > G-314GF ! Pople's double =zet
BaSIS Set mem static 51z I Static memory
memn_total V" zooo I' Total memory

cend

Memory allocation

95HZ - aes128-che - hmac-md:

Connecked to lennon, cor,buffala, edu
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QM geometry optimization of alanine

Geometry optimized

“E 1:lennon.ccr. buffalo.edu - lennon - S5H Secure Shell

File Edit Wiew Window Help

Walue Taken a = -0,00000035

Step Taken. Stepsi i=s 0.013911
Mo imuam Tolerance Crovrgrd 2
Gradient 0.0ooo4s 0. 000300 TES
Displacement 0.006lal o.oo0l200 WO
Energy change -0.00000L O.oo000L YES

Connecked ko lennon, cor,buffalo, edu 99HZ - aes128-che - hmac-mdsS - none

Page 5



QM geometry optimization of alanine

Final geometry

“El 1:lennon.ccr.buffalo.edu - lennon - $5H Secure Shell

File Edit Wiew Window Help

H gl " 2 &

Quick Connect || Profiles

gy

YL

*% GEOMETEY OFTIMIZATION IN DELOCALTEZED INTEFMAL COOERDIN

JearciNng for a Minimum

Optimization Cycle: 13

Coordinates [Angstroms)

ATOM ®

1 W 1.477593
Z H Z.461154
i C 0. 644746
4 H 0. 570616
3 C 1.144756

Connected to lennon, cor,buffalo, edu

-1.
-0.
0.
0.
1.

¥
00941z
Te070Z
120494
279433
330412

z

0. 427757
0. 502052
0.
1
-0

407959

LA29387
511754

53HZ - aes128-che - hmac-mds
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QM geometry optimization of alanine

Final dipol moment

& 1:lennon.ccr.buffalo.edu - lennon - S5H Secure Shell

¥ By

Prafiles

;j Cuick Conneck

Caxtesian Multipole Moments

Charge (E30T x 10+10)

0. 0000
Dipole Moment (Debye)
b 0.65634 b Z.1565 Z -0.2249
Tot Z2.2674
Muadrupole Moments [(Debye-Ang)
Hx -28.7951 ey -0, 5073 Y -41.2556
HE -1.35947 Tz 0.0334 ZZ -39. 5658
Octapole Moments (Debye-Ang*2)
I W -18.0925 T 0.3591 WY 0.4397

Connected to lennon, cor,buffala, edu 953HZ - ags128-chbe - hmac-mds - none | 85
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QM geometry optimization of alanine

Atomic charges

A 1:lennon.ccr.buffalo.edu - lennon - 55H Secure Shell

File Edit Wiew Window Help

d S I 2 S % @
& Mnjck Conmect | (] Profiles
MailNken Net Atomic Charges
Atom Charge [(a.u.)
1N -0.754074
2 H 0.367207
iC -0.191653
4 H 0.2145815
5C -0. 664532
6 H 0. 222822
7TH 0.221944
g H 0.205993
Save current settings S5HZ - aes128-che - hmac-mds
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QM geometry optimization of alanine

Geometry optimized

+1 ViewerPro - [ala.pdb]

‘5 File Edit Wew Tools Modify SWindow  Help

D& E & walb||ne

TS | R PG
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QM oscillations of alanine

Coordinates after
geometry optimization

E lennon.ccr.buffalo.edu - lennon - S5H Secure Shell

File Edit Wiew Window Help

RN

& Syick Connect || Prafiles
|
fmolecule
o1l
N l1.405 -1.08a8 0. 4aa7
H Z.406 -0.906 0.505
C 0.655 0.1laé6 0.4n7v
H 0.623 0.&00 1.4135
C 1.213 1.234 -0.564
H 1.21%2 0.ga0 -1.594
H 0.a6az9 Z.1a0  -0.5:z20
H 2. 247 1.472 -0.Z8a
C -0.774  -0.18l 0.004
0 -1.101 -1.081 -0.717

Connecked to lennon, cor, buffalo, edu

S5HZ - aeslzE
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QM oscillations of alanine

Molecular oscillations
calculations

‘Hl lennon.ccr. buffalo.edu - lennon - S5H Secure Shell

File Edit  Yigw ‘Window Help

Sla - 2 BB S N @K

ick. Connect || Profiles

0,730 0.501
-l.660 -0.352
0,172

jobtype freg ! geometry optimi=zat
excharnge b3lyp ! hybrid exchange
basis 6-314G* !' Pople's double =zel
nem_static slz ! Static memory

mem total Z000 ! Total memory

fend

Zonnected ko lennon, cor bufFalo. edu S5HZ - aps12
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QM oscillations of alanine

Results of oscillations
calculations

E lennon.ccr. buffalo.edu - lennon - 55H Secure Shell

File Edit

Wiew  Window Help

e_onnect

__| Profiles

B S S @

THAMIC QUANTITIES AT £95.18 K 4ND

Thiz Molecule has

Zero point wibrational eherdy:

Atom
Atom
Atom
Atom
Atom
Atom
Atom
Atom

L= B L T ) B OO P A I

Element
Element
Element
Element
Element
Element
Element
Element

f = el e = = R T = =}

0 Imaginary Fregquencies

Has
Has
Has
Has
Has
Has
Has
Has

Connected to lennon, cor, buffalo, edu

HMas=
HMass
HMass
Hass
Mas=
Mas=
Mas=
HMasz=

67.852 keoal fmol

14. 00307
1.007%33
1Z. 00000
1.007%33
lz. 00000
1.00%83
1.007%83
1.00%83

S5HZ - aes1z
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QM oscillations of alanine

Frequency

File Edit

IR intensity

Wiew Window Help

B lennon.ccr.buffalo.edu - lennon - SSH Secure Shell

R LS

YES
5729

Faman Actiwve: TES

¥ T

. . )i} ~ 0.045 -0.072
Atomic displacements = 0 023 0018
C -0.145 -0.053

H -0.236 -0.258

o -0.022 0.154

H 0.049 -0.240

H 0.319 0.384

Connected to lennon, cor,buffalo,edu

Z

023
. 133
L0353
135
.054
056
491

-0.
-0.
. 036
-0.
0.
-0.
-0.

nas
13a

135
137
242
254

1034, 90

YES

. 445

YE3
T

071
. 407
123
282
029
.04l
213

S5HZ - aes1zE

-0.017
-0.021
0.003
o.o77
-0.004
0.015
0.054
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QM oscillations of alanine

IR intensity as a function
of oscillation frequency

08 |

06 |-

04 |-

02 |

00 : I;L - .,IL,.mlLr LT][I, hl”l ]MIM[’ _|‘ e I :

0 100 200 300 400 5100 600
frequency (cm )
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QM electrostatic potential of alanine

Copy and paste
optimal geometry

El lennon.ccr. buffalo.edu - lennon - 55H Secure Shell

File Edit Wiew ‘Window Help

R LS

| Quick Conmect || Profiles
0 \
fmolecule
o1
N 1.405 -1.086 0.487
H Z.406 -0.906 0.505
C 0.a55 0.166 0.407
H 0.6z3 0.a00 1.4135
C 1.215 1.234 -0.564
H l1.212 0.g50 -1.394
H 0.629 Z.160  -0.520
H Z.247 1.472 -0.Z286
C -0.774 -0.161 0.004
0 -1.101 -1.081 -0.717
0 -1.666 0.730 0.501

"ala-ele.in™ Z7L, T86C

Connected ko lennon, cor,buffala, edu

S5HZ - ags128-che - hmac
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QM electrostatic potential of alanine

Electrostatic
] ‘# lennon.ccr.buffalo.edu - lennon - S5H Secure Shell
pOtentIaI at the File Edit %iew ‘Window Help
atomic positions H &SR o= W 1
& Quick Canmect || Profiles
i -1.101 -1.081 -0.717
N -l.666 0.730 0.501
H 1.211 -1l.660 -0.352
H -2.547 0.459 0.172
Fend
Srem
Jobtype zp ! geometry optimizati
exchange b3lyp ' hybrid exchange
basis A G-314+G* ! Pople's double zeta
igdezp ] ! glectrostatic poten
mem static 5lz I Static memory
mem_total 2000 I Total memory
zend
Zonnected ko lennon. ccr buffalo.edu S5HZ - aes128-che - hmac
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QM electrostatic potential of alanine

Final values of the
electrostatic
potential at the
atomic positions

& lennon.ccr. buffalo.edu - lennon - 55H Secure Shell

File Edit Wiew Window Help

H &l © 2 B SO S @K

& Quick Connect || Profiles

Tqr, E3P
1

-18. 3507023
-1.0451688

-14. 6777658
~1.1017395

-14. 7262716
-1, 1034765

-1.1017031

-1.1001616

-14. 5916270
10 -2Z. 3037510

11 -22.2419862

B 1z -1.04%z093

[P T R Y« (T T O VI (L R SR )

Connected to lennon, cor,buffalo, edu 53HZ - aes128-cbe - hm.
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QM electrostatic potential of alanine

Electrostatic potential
at the grid points

E 1:lennon.ccr. buffalo.edu - lennon - S5H Secure Shell

File Edit ‘iew ‘indow Help

H &l &£ B

;'_'| Quick Conmect || Profiles

EEEY IS

1 1.211
H -2. 547
fend

Frem
jobtype
exchatige
basis
ianlty
igdesp
mem static
mem_ total
gend

-l.660 -0.352
0. 469 0,172

sp
b3lyp
G-314+G*
200

-1
51z
2000

Connected to lennon, cor, buffalo, edu

geonetry optimizatic
hybrid exchange
Pople's double =eta
grid calculatinnE
electrostatic potent
3tatic memory

Total memory

S5HZ - aesl28-che - hmac
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QM electrostatic potential of alanine

Definition of the grid
points

& 1:lennon.ccr. buffalo.edu - lennon® - 55H Secure Shell

File Edit \Wiew ‘Window Help

H &k I8 2@

&1 Quick Connect || Profiles

EEEY I

lanlty 200
igdesp -1
mem_static 51z
Kem_total 2000

electrostatic poter
Static memory
Total memory

Number of grid points

|n the X d|rect|on Elecgl.:gst,agzllg potential on a grid
. e 5.0 5.0
Minimum and 5.0 5.0

maximum values

fend
i

"ala-ele.in"™ 37L, 94iC

Connected to lennon, cor, buffalo, edu
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QM electrostatic potential of alanine

Results are written in
the plot.esp file

‘Hl 1:lennon.ccr.buffalo.edu - lennon - S5H Secure Shell

File Edit Wiew Window Help

EH &3 & B &S S @
&1 Quick Conndsk ] Prafiles
I FRYZ a. YL -6.6706 TYYZ
FIREIZ -91. 3432 STEZZ 1.4355 TYTZZ -
KLZZ -2, 2762 T 7.4159 ZLZE -1

Electroztatic potential will be co ted using the 3CF

E3PF to be evaluated
. The data will be sawed in the file plot.esp
Job mumber = 12, Threshold = 1.00E-0&

Syvmmetry turned off temporarily
FPE 0: Total mumber of integrals generated = 16095

aymmetry turned back on
In FlotFile. NFPPer = 15
Cenbensity = -99994949

JobOver = TRIE

"ala-ele.out™ 461L, LE6982C

Connecked to lennon, cor, buffalo, edu 95HZ - ags128-cbe - hm.
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QM electrostatic potential of alanine

Electrostatic potential
at one points

“E 1:lennon.ccr. buffalo.edu - lennon® - SSH Secure Shell
File Edit Wiew ‘Window Help
SEE! ¥ B ) E L W @
.-j Cuick DeRgect || Profiles

Erid point anﬂ eap walues from ACF density (all

X T Z 3
0.944363E+01 0.944563E+01 0.9445863E+01 0. Z05566E-02

I S A S S T S S S 4

"plot.esp™ 4L, 195C

Connected ko lennon, cor, buffalo, edu
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QM electrostatic potential of alanine

Three diemsional grid
definition

‘E 1:lennon.ccr.buffalo.edu - lennon® - S5H Secure Shell

File Edit Wiew Window Help

B gl 2 B S S @K

&1 Quick Canmect || Prafiles

ianlty aoo !

igdezp -1 ! glectrostatic pote
mem static Slz I ftatic memory

mem_ total 2000 I' Total memory

fend

fplots

N\ Electrostatic potential on a grid
1o -=5.0 5.0
o -5.0 5.0
1o -5.0 L0
1 0 1 0
1
fend

"ala-ele.in™ 37L, 94ZC

Connected to lennon, cor,buffalo, edu
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QM electrostatic potential of alanine

Results of electrostatic
potential grid calculations

‘El 1:lennon.ccr.buffalo.edu - lennon® - 5SH Secure Shell

File Edit Wiew Window Help

EEEY L

Erid pninﬁﬁitiuns and esp waluez from 3CF density (a

Connecked to lennon.cor,buffalo,edu

"plot.esp™ 1003L, 53142C

X T Z =3
. 944363E+01 -.944563E+01 -. 944863E+01 -.325375E-0z2
. 944363E+01 - 244563E+01 -, 734893E+01 -.40016ZE-02
LS944863E4+01 - 944563E+01 . 524924E4+01 -, 4551 50E-02
.944863E4+01 -.944563E4+01 -.314954E4+01 -, 525007YE-02
.944863E4+01 -.944563E+01 -. 104935E+01 -. 525505E-02
L944363E4+01 -.944563E4+01 0. 104935E+01 -. 479946E-02
. 944363E4+01 -.944563E+01 0.314954E+01 -.4153Z5E-02
L94436353E+01 -.944563E+01 0. 524924E+01 -.352465E-02
. 944363E+01 -.944563E+01 0. 734593E+01 -.Z951ZVE-02
. 944363E+01 -.244563E+01 0. 944863E+01 -.Z51461E-02
LS944863E4+01 - 734593E+01 . 944563E+01 -, 34602Z2E-02
L944863E4+01 - 734893E4+01 -, 734593E4+01 -, 44427EE-02
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QM geometry optimization of cytosine

Initial geometry of

cytosine

AN

+2) ViewerPro - [cyto.pdb]

,@ File Edit Yew Toaols Modify Window Help
DEE & g
H B

PEPI TR QLS

Page 1



QM geometry optimization of cytosine

Initial geometry of
cytosine

& 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

Connected ko bono,cor, buffalo,edu

File Edit Wiew Window Help
H & 2 #h S % @
| Quick Connect || Profiles
|
smolesule
01
H -24.740  23.764 104,076
) =24, 228 29,262 104.873
C -22.885 29.324 104.51:2
H -22.265  23.993 103.94:2
C -2Z2.246 29,750 105,940
H -21.163 Z29.800 105,934
C -22.952  30.26%9 107.035
" -22.447 30.614 108.183
H -22.864 31.344 108.756

S3HZ - aes128-che - hmac-mds

Page 2



QM geometry optimization of cytosine

Geometry optimization

# 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell
Edit

File
H &l @ 2 B M S5 Y @R

(| Guick Connect | Profiles

Wiew Window  Help

932 29.840 105.945

29.904 10e.032

Hamiltionian

opt ! geometry optimi=at
b3lyp ' hiybrid exchange

jobtype !
I

G-314G* I Pople's double zet
|
|

exchange
basis=

51z I 3tatic memory
2000 ! Total memory

Basis set

men_total
Fend

M emory da | Iocatlon Connected to bona,cor, buffalo,edu 99H2 - aes128-che - hmac-m

Page



QM geometry optimization of cytosine

Geometry optimization
is converged

# 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

Edit  Wiew Window  Help
S ]

.-j Cuick Connect Profiles

RN L

Minimises Along All modes

Eearching for Lamda th

Walue Taken Lamda = -0.
Atep Taken. Stepsize is
M i mam Tolerance
Gradient 0.ooooar 0. 000300
Displacement o.o0la1lz o.ooLl200
Energy change 0.o0oao0 O.oo000L

Distance Matrix [Angstroms)

Hi{ 1y W{ 2y Ci{ 31 HI 4

Connecked ko bono, ooy, buffalo, edu 959HZ - aes128-che -

Cruwreyd 7
TES
japn}
TEI

C{ 5

hmac-mds - non

Page 4



QM geometry optimization of cytosine

Converting qchem
output into a PDB file

# 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit ‘jew indow Help

H &l @ &2 B M SO S &K

;j Quick Connect || Profiles

einfhonn cytals la

cyto.in cyto.pdb cyt-vhi.ref oyt-vib.ou
Llog oyto.log cyt-vhlm.pdb cyt-vbhi.ref cyt-vib.pb
cyto.out  cyt-vblp.pdbh cyt-wib.in freq.exe
cyto.phs cyt-vhl.ref cyt-vib.log freqg.t
cyto]s pwd

[mEreinfbono col]é cp Ssansprojectasl/mfreinsperl/qcheniZpdb.
[mfreinfhonog oyt
cyt-ele.in cyto.
cyt-ele, log cyto.
cyt-ele,.out  cyto.

cyt-whlp.pdbh cyt-vib.log fred.p
cyt-whl.ref cyt-vih.out fred.r
cyt-whz.ref cyt-vibh.phs fred.v
cyt-ele.phs cyto.pdb cyt-whi, ref freq.exe fredgq.v
cyto.in cyt-vblon.pdbN cyt-vib.in freg. £ Junk
[mErein@bono cytol]s . gchenipdb.pl

Enter a name of (J-Chem output file: cyto.out I

Connected ko U2, cor, buffala, edu S5SHZ - aes128-che - hmac-rr




QM geometry optimization of cytosine

Final geometry of

cytosine
w2 ViewerPro - [cyto.pdb]
\ ﬁ File Edit Wew Tools Modify Window Help

I wab|[n@
8

P e R P £

Page 6



QM molecular oscillations of cytosine

Coordinates after
geometry optimization

& 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit \Wiew ‘Window Help

H &l © 2 B

EEEY I

+'| Cuick Connect | Profiles
|
fmolectNe
ol
H 2.257 1.240 0.005
] 1.306 0.891 0.00s
[ 0. 242 1.731 0.006
H 0.4:6 Z.796 0.005
[ -1.0E2 1.225 0.00s5
H -1.591 l.a72 o.0l1s
[ -1.131 -0.212 o.011
N -2.368 -0.785 0.04s5
H -2.415% -1.787 -0.081

Connected ko bono,cor, buffalo, edu

55HZ - aes128-cbe - hmac-m

Page 1



QM molecular oscillations of cytosine

Frequency calculations

A 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell
Edit

GR A2 RED A J5 % SN

Wiew Window Help

-0.531 0,003
0. 006

jobtype freg ! geometry optimizat
excharge b3lvp ' hybrid exchange
basis 6-31+G% ' Pople's double zet
nem static alz ! 3tatic mewmory
mem_total 2000 ! Total memory

fend

Connected ko bono,cor, buffalo,edu S3HZ - aes128-cbe - hmac-m
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QM molecular oscillations of cytosine

Calculations are finished

correctly

‘5 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit

Wiew Window  Help

d 2l ¥ B

kiZonnect || Profiles

R L

FTANDARD THERM AMIC QUANTITIES AT £95.153 E 4ND

Thiz Molecule has

Zero point wibrational energy:

Atom
Ltom
LTom
LTom
LTom
Fiy il

1l Element
2 Elenent
3 Element
4 Element
5 Element
& Elenent

moom o s o

0 Imaginary Fredquencies

Has
Has
Has
Has
Has
Has

Connected ko bono,cor, buffalo,edu

Mass
Mass
HMas==
HMas=
HMass
HMass

gl.763 kcalsmol

1.007%783
14.00307
1z.00000

1.00733
1z.00000

1.00753

55HZ - aes128-che - hmac-mi

Page 3



QM molecular oscillations of cytosine

Frequency (cm-1)

E 1:bono.ccr. buffalo.edu - U2 - 55H Secure Shell

Fil=  Edit

IR Intensity ‘NG # HE0 % SN

Conmect || Profiles

\ 19 20

Wiew  Window Help

1143.81 1228, 29
1 1.1a814 1.2325
/\t()rT]IC: 1.5326 1.3866
i | men IR Actiwve: TES TES
d Sp ace e tS IE Intens: 2.870 S0.156
Famarn Active: YE3 YE3

* T Z x T Z

-0.263 0.35%6 -0.001 -0.203 0.49%7 -0.001
-0.123 0.064 0,000 -0.037 0.052 0.000
C 0.003 -0.102 0.001 0.056 -0.055 -0.001

Connecked ko bono,ccr, buffalo,edu 55HZ - aes1z28-cbe - hmac-md:

Page 4



QM molecular oscillations of cytosine

Generating two pdb files
of a molecular oscillation
from g-chem output

File Edit Wiew Window Help

E gl 2 B b

& Quick Canmect || Prafiles

B 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

S8 % &w

[mXreinfhono cytols 13

cyto.in
[mfreinfbono
[mfreinfhono cy
cyt-ele.in cyto,
cyt-ele,log cyLo.
cyt-ele.out cyto.
cyt-ele.pbhs cyto.
cyto.in cyt-vhlm. p
[mfreinfhono cytols . Sqchemzvib.pl

Enter a wibration mumber: 10 I

Connected to uZ, cor,buffalo, edu

Enter a name of 0-Chem output file:

cyto, log cyt-vblp.pdbh cvt-vib.log fredq.
cyto.out cyt-vhl.
cyto.phs cyt-vha.
cyto.pdb ocyt-vhai.
cyt-vblm.pdbh cyt-vib.
to]s cp fsansprojectslsufreinsperlsgchenzvih

ref cyt—wib.out fredq.
ref cyt-wib.pbhs fredq.
ref fredq. exe fredq.
in fregq.t junk

og cyt-vblp.pdbh cyt-vib.log fredq.
cyt-vhl.
cyt-vha.
cyt-vh3.
oyt-vih.

ref cyt-wib.out £fred.
ref cyt-wib.pbhs fredq.

ref freq. exe fredq.
in freg. £ Junk
CY¥Lo. out

53HZ - ags128-che - hmac-

Page 5



QM molecular oscillations of cytosine

The program generates
two PDB files of two
phases of the oscillation

& 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

Edit  Yiew ‘Window Help

& S0 S @K
__| Profiles

—-FW-ru-r—- i furlani 715 Jan 15 1Z:03 freq.wbp
—-EW-rw-r-- furlamni 1583 Jan 15 12:03 Junk

—-EW-LrW-r-- nfrein i 14250 Jan 15 12:03 plot.cube
-IW-LrW-r-- nfrein 53142 Jan 15 12:03 plot.esp

—-EW-LrW-r-- nfrein

—EW—-rwi-r—--

436939 Jan 15 12:03 gohem?cube. exe
wfrein furlani Jan 15 12:03 gchemnzcube, £

—-EW-LEW-L-- wfrein furlani Jarnn 15 12:03 opdb. exe
12:03 gpdhb. £
—-FW-ru-r—- nfrein furlani :03 gpdb. inp
—-EW-rw-r-- mfrein furlani 103 pdb.pdb
—-IWHE--F-- nfrein furlani 153 gqohempdb .. pl
-IW-LrW-r-- wfrein furlani 718 23 cyto.pdb

wfrein furlani 48330 Jan 23
—-EW-LrW-r-- nfrein furlani 715 Jan 23
—-EW-LEW-L-- wfrein furlani T15 Jan 23
[wEreinfbono cyto]s I

1
1
1
1
1
1
1
—-rw-rw-r-- 1 mfrein furlani 1
1
1
1
1
-rwEr--r-- 1 gchem2vib.pl
1 cyto-a.pdb
1 cyto-b.pdb

Connecked to uZ,cor, buffalo,edu 55HZ - aes128-che - hmac-mds - r
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QM molecular oscillations of cytosine

Visualization of the
molecular

oscillation «¥ ViewerPro - [cyt-vb1m.pdb]
\ ﬁ File Edit W%ew Tools Modify Sdindow  Help

H i

k
Hs
p
<
4

)

e
v
4
2

=
vk
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QM electrostatic potential of cytosine

Optimal coordinates after
geometry optimization

& 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit \Wiew ‘Window Help

&1 ONjck Connect ] Prafiles

EEEY I

fmol Eculx
ol

2.257
1.306
0. 242
0. 456
LO02E
-1.a891
-1.131
-Z.368
-Z.415%

mEOo@DOo@DmoED
I
=

Connected ko bono,cor, buffalo, edu

240
L8591
L7351
796
L2ah
L87E
212
.75
.787

oo oo o oo oo

L0os
.00g
006
L0o5
. 00g
L0183
011
. 043
051

55HZ - aes128-cbe - hmac-m
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QM electrostatic potential of cytosine

Single point calculations
(no geometry optimization)

“# 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

ile Edit iew window  Help

S (& -] dh S S @R

Generating the
plot file

-1.1599 0. 006

ap ! geonetry optimi=zat
b3lvp ! hybrid exchange
G-314G* I Pople's double =et

Generating the

I
I
|
200 ' the plot file will
|
|
|

i -1 I electrostatic pote
eleCtrOStatlc fiel_static 512 | Static memory
mem total Z00a ! Total memory

potential

fend

SSHZ - aes128-che - hmac-me

Connected ko bona, ook, buffala,edu

Page



QM electrostatic potential of cytosine

Details of the plot

calculations
‘H 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell
File Edit Yiew \Window Help
EH & 2 @ ) E S W @
;j Quick, Connect | Profiles
Number Of p0|ntS Mem_tcutal 2000 I Total memory
. . . ANetud
in the x direction 4
fplots

Electrostatic potential on a grid
™~ 10 -4.0 4.0
A

& -4,0 4.0
10 -4.0 4.0
o _ oo 0 0
Minimum and maximum oo
values of the grid in the
x direction
Zonnecked to bana,cor. buffala, edu S5HZ - aes128-cbe - hmac-m
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QM electrostatic potential of cytosine

Results of the grid
calculations are written in
the plot.esp file

E 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew Window Help

gk -2 & # &S S &N

Ty -355.4219 HoRE
HITE £.0360 TiTE
-0.2156 TT2E -
0.4950 ZIZZ -

Electrostatic potential will ke uted using the 3CF
E3P to be evaluated

. The data will be =zaved in the f£ile plot.ezp

In PlotFile. HNPFer = lo00o
-—- DONE E3P SUMMARY ---
Genlensity = -999999

Tﬂt&l Job time: 9,00z (wall), 6.23s(cpul

Connecked ko bono, ooy, buffalo, edu 953HZ - aes128-che - hmac-m
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QM electrostatic potential of cytosine

Executing the
converting
program

Output from
gchem

# 1:bono.ccr.buffalo.edu - U2 - SSH Secure Shell
Fil= Edit

Miew  Window Help

H &l "2 208

& Quick Connect || Profiles

RN

cyt-ele.in cyt-ele.pbhs cyto.
cyt-ele.loyg cyto.in cyto
t-ele.out  oyto.log oyto

out  cyt-wib.in cyt-vib.phs=
.pbs  cyt-wib.log plot.cube
pdb eyt-wiboout plot.esp

cyto]s module load intel

'intel/9.0"

gchem?cu
gehemdcn
ipidb . exe

conflicts with the current

intel/2.003):EFREOR: 102: Tcl command execution failed: conflict inﬂelf

[mEreinfbono cydgls ls
cyt-ele.in cyt-Ne.pbs  cyto.
ocyt-ele.loyg ovyto.in oyto
cyt-ele.out  oyto.lodg N cyto
[mfreinfbono cyto]s

Connecked ko bano, cor, buffalo, edu

out  cyt-wib.in cyt-vib.phs=
.pha  oyvt-wib.log plot.cube
pdbh cyt-wib.out plot.esp

gohem?cu
qohensou
iqpdh . exe

SgchemZcube,.exe 1 cyt-ele.out plot.esp plot.cube

S5HZ - ags*fﬁjg;f7hmac mdS none | 8913

Plot file from
qchem

~ /

Cube file

Page 7



QM electrostatic potential of cytosine

Cube file

H 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit ‘jew indow Help

RN

ﬂnlecule A

converted from g-chem

13 -7.558904 -7. 558904 -7.558904
10 l.661l298 0. oooooo 0. ooooon
10 0. 000oan 1.661298 0. 000000
10 0. 00oooo 0. oooooo l.661298
1 1.00oooo 4,211974 2.3783k58 -0. 005509
7 T.000000 2. 426089 1.688975 -0.000034
& G.00ooon 0. 3589238 3. 242607 =0. 003640
1 1.00oooo 0. Te0033 L. 261626 -0.005174
& G. 00ooon -1.933105 Z2.246720 -0.00013:2
1 1. 00ooon -3.645431 3.4415:24 0.01l3895
Connected to bonao,cor, buffalo,edu 55HZ - aesl28-cbe - hmac-mds - |
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QM electrostatic potential of cytosine

Visualization of
the electrostatic
potential using
the Molekel
program

B2 molekel main window

Page 9



QM electrostatic potential of cytosine

Plane cut through
the electrostatic =2 molekel main window
potential
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QM electrostatic potential of cytosine

Plane cut through =2 molekel main window
the electrostatic
potential
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QM electrostatic potential of cytosine

Plane CUt thrOUQh =2 molekel main window
the electrostatic
potential

Page 12



QM electrostatic potential of cytosine

Plane cut through
the electrostatic
potential

B2 molekel main window

Page 13



QM geometry optimization of alanine and water

Initial geometry ++) ViewerPro - [alaw-opt-1.pdb]
Of an alan“’]e @Eile Edit Wiew Tools Modify Window Help

and water dimer DEHE &

Page 1



QM geometry optimization of alanine and water

Initial coordinates of the
dimer

H 1:bono.ccr. buffalo.edu - U2 - SSH Secure Shell

File Edit Wiew Window Help

H gl @2 &

& Quick Conmect || Profiles

EEEYLS

.oo7
.10
L3775
526
. 39E
730
L3594
=1t
123
.6l6

coom@bM@Hoo@E oS
[ e R R e i T ol TR N

Connected to bono,cor, buffalo,edu

174
.59
. 140
. 537
120
. G485
L1585
. 340
L0355
L2953

. 295
.151
. 352
. 393
.03l
LBE0
. 495
L4585
. 187
. 453

S5HZ - aes128-che - hmac-me
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QM geometry optimization of alanine and water

Geometry optimization
using cartessian
coordinates

H 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew ‘Window Help

H &k &2 &

& Guick Connect ] Prafiles

Y LS

-4.035 1.333 -0.153

H -3.825 0.595 1.281

Fend

Srem =

Jjobtype opt ! geometry optimiza
exchange b3lyp ! hybrid exchange
baszi= G-314+G* ! Fople'szs double =ze
gEom opt_coords 1] ! cartessian optimi
Wem static alz ! dtatic memory
mem_total Z0oo0 ! Total memory
iend

Connecked ko bono, ooy, buffalo, edu 93H2 - aes128-chbe - hmac-md
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QM geometry optimization of alanine and water

Optimization

converged
‘El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Yiew Window Help

gl I 2 B | £ S| @ N

MHinjimum Search - Taking\Sdwmple RF0 Ztep

Searching for Lamda that Mirmdgizes aAlong All modes
Value Taken Lamda = -0.0000
Step Taken. Stepsize is 0.0035860

Maximum Tolerance Crowgd?
Gradient 0.000266 O.000300 YES
Displacement 0.00l874 O.0o0lzZoo0 o
Energy change -0.000001 O.0o00001 YES

[

Connected ko bono,cor, buffalo, edu 93HZ - ags128-che - hmac-mds - none
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QM geometry optimization of alanine and water

Geometrical T ———
parameters of e P T L
the d|mer _1 @Elle Edit  Yiew Tools Modify Window Help
el & g H i
k \
4 :
Dimer - 1
E -146.8
s 1.82
g
o
£
i
¥
=

Page 5



QM geometry optimization of alanine and water

Geometrical
2| YiewerPro - [alaw-opt-2.pdb]
parameters of e —
. ﬁ File Edit ew Tools Modify SWindow  Help
the dimer - 2

Ny = g

L3

e
&
=
e
g
i)
£
P
i
i)
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QM geometry optimization of alanine and water

Geometrical +Z ViewerPro - [alaw-opt-3.pdb]

parameters Of ﬁ File Edit Wiew Tools Modify Window Help
the dimer - 3 hed & w g H @

Dimer - 3

<o
b

]

e
4
Y

4.
Vr

Va
Ja
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QM geometry optimization of alanine and water

Geometrical
parameters of ¥, ViewerPro - [alaw-opt-4.pdb]
the dimer - 4 &5 Fle Edt Wiew Tools Modify Window Help
e & g H & i

k

s
> Dimer - 4
Q\

=

)

e
4
si?
4.
Vo

Ve
Vi

Page 8



QM geometry optimization of alanine and water

Geometrical

2| ViewerPro - [alaw-opt-5. pdb]
parameters of E————
the dimer - 5 B T S e B S B

e & g H & i

g [T :

& Dimer 5

£

o

¢

Jo

.

o

Ve

=
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QM geometry optimization of alanine and water

Geometrical
parameters of
the dimer - 6

«| ViewerPro - [alaw-opt-6.pdb]

@ File Edit “ew Tools Modify ‘Window Help

LbeE & g H P

Dimer - 6

145.8

o R R S

Page 10



QM geometry optimization of alanine and water

Results of the

calculations

it table_1.doc - Microsoft Word

5 Edit  Yiew Insert Format  Tools  Table  Window  Help

HRNEN" BENE= RENR A - - A B

Twpe a

IR WEP == R

B s Ak R !iﬂrial

-1z - | B I |

L] -

1 1 o 1

- B

L S T

L

Hydrogen Bond | Hydrogen Bond

Maolecular System Distance Energy 1)

{Angstrom) (kcalfmol)
Dimer - 1 182 -7
Dimer - 2 1.79(1.97) -11.0
Dimer - 3 202 -39
Dimer - 4 1.93(221) T3
Dimer - 5 1.90 -7 8
Dimer - & 213 S35

1) Energy = Eldimer) — [E({acid)+E(water)]

E is anenergy of the molecule, which is
calculated atits optimal geometry

Page 11



QM energy of alanine-water dimer

Intermolecular

distance R
\ ++1 ViewerPro - [alaw-opt-1.pdb]
\L@ File Edit Wwiew Tools Modify ‘Window Help

sl S e e A H@] e s

PRP ISR ST

Page 1



QM energy of alanine-water dimer

Geometry optimization
with a constrained

Hl 1:bono.ccr. buffalo.edu - U2 - §5H Secure Shell

» File Edit “iew ‘Window Help
distance _ —

HER /2 280 # J9 % &
.-'_'| Quick Connect || Profiles

geon_opt coords ] ! cartessian optimiz

mem static 5lz I Static memory

mem_ total Z0ao !' Total memory

Distance

Zonngcked ko bono,ccr, b S5HZ - aes128-chbe - hmac-me

Atom #1 Atom #2 Value

Page 2



QM energy of alanine-water dimer

Final energy for a
constrained distance

File Edit Wew Window Help

H gl " 2 &

Quick Connect | Profiles

El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

R L

-1.783453
-3.745457
-4, 233639
-4.331159

0.228939
-0.041444
-0.658721

0.691706

ol Number of degrees of freedom: 42

Connected ko bano,cor, buffalo, edu

Energy is -400. 159374504

Distance (Angs) : 13 14

Constraints and their Current Walues
Value Constraint

Z. 000000 Z.000ao0

95HZ - aes128-che - hmac-mdS - none | &&x

Page 3



QM energy of alanine-water dimer

Final energy for a B3 Microsoft Excel - alaw.xIs

Constralned E_] File Edit Wiew Insert Formakb  Tools  Chart Window  Help  Adobe POF
distance N EE SR s n g B
Chart Area = o
A [ B [ ¢ | o | E | F [ G
u []

Aspartic Acid and Water

1
7.0

. L’______..-o

z 6.0

B

7

g

9

L~

5.0 T <

H \ )

E 4

T
10| = 3.0 4

|

1] 3
12 E 2.0 /f
131 % 10
14
15 0.0
16
17 -1.0 1
18 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0
lE Distance Rp.y (Angstrom)

Page 4



QM properties of alanine-water dimer

Atomic charges
before and after
hydrogen bonding

+#| ViewerPro - [alaw-opt-1.pdb]

ﬁ File Edit Wiew Tools Modifv Window Help

e & g H & i

%

-0.64(-0.60)

+0.58(+0.48)

-0.98(-0.93)

ik LR R SRV SR

Page 1



QM properties of alanine-water dimer

Atomic charges
before and after
hydrogen bonding

++1 ViewerPro - [alaw-opt-1.pdb]

ﬁ File Edit Wwiew Tools Modify ‘Window Help

= = g

s
s
'
]
g
fo
.

Page 2



QM properties of alanine-water dimer

Vibration involving
the hydrogen

move +#| ViewerPro - [alaw-vb1m.pdb]

ﬁ File Edit Wiew Tools Modify ‘Window Help

H®

PP PR R e

o = 1802.8 cm-1

Page 3



QM geometry optimization of cytosine and water

Initial geom_etry +1 ViewerPro - [cytw-1.pdb]
Of the CytOSIne ﬁ File Edit Wew Tools Modify SWindow  Help
and water dimer Nl & " g H &

3
i
s |
x
&

N\

)

e
o
.

Page 1



QM geometry optimization of cytosine and water

Initial geometry
of the cytosine

and Water dlmer ‘E 2:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit \Miew ‘Window Help

H SR ss "R XL
& Quick Connect || Profiles
i
fmolecule
0ol
2.854630 1.437230 -0.008651
i) 1.3952045 0.979019 0.00787:2
[ 4 0.7955813 1.682251 0.125269
H 0.355746 2.761491 0.213281
[ -0.397785 1.030995 0.137191
H -1.336697 1.562199 0.231099
[ -0. 340663 -0. 406544 0.014272
N -1.499622 -1.110329 0.0369449
H -1.443742 -2.108875 -0.109189
H -2.405717 -0.653105 0.02095:2
i) 0. 755490 -1.089530 -0.109169
"oytw-1l.in™ 29L, 1057C
Connected ko bono, cor.buffalo,edu 55HZ - aes128-cbe - hmac-m
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QM geometry optimization of cytosine and water

Geometry

optimization & 2:bono.ccr.buffalo.edu - U2 - S5H Secure Shell
File Edit Wiew Window Help

H &l 2 & & % &N

‘-j Quick Connect || Profiles

Q 3.089517 -0.973081 -0.26435355
0 -4.087328 0. 403520 -0.1313598
H -4, 4953155 0.4765317 -1.007557
H -4.516114 0.280731 0. 494656

Fend

Srem n

Jjobtype opt ! geometry optimizat
excharnge b3lyp ! hvbrid exchange
bazis= E-3145GF ! Pople's double zet
mem static Z58 I 3tatic memory

mem total Z0ao !' Total memory

gend

Connected ko bona, cor buffalo, edu S5HZ - aes128-cbe - hmac-mds
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QM geometry optimization of cytosine and water

Optimization
Converged H 2:bono.ccr.buffalo.edu - U2 - 55H Secure Shell
File Edit Wiew Window Help
2 &G ¥ BB | E1 S @R
‘-j QuickNSgnnect | Profiles
I 0.526153 . 534630 0. 538096 0.551866 0. 534507

Minjimum Zearch - Taking\Sjmple RFO Ztep

Zdearching for Lamda that MibNgizes Along 4ll nmodes
Walue Taken Lamda = -0.0000

atep Taken. 3Stepsize iz 0.016910

Maximuam Tolerance Crwropd =
Gradient 0.0o00z4 0.0o00300 TES
Displacement 0.006869 O.oo0Llz00 o
Energy change =0.00000L O.oo0001 TES
Connecked ko bano, ooy, buffalo, edu 95HZ - aes128-che - hmac-mds - none
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QM geometry optimization of cytosine and water

Final geometry
of Dimer -1

«1 ViewerPro - [cytw-1.pdb]

ﬁ File Edit Yew Tools Maodify Window Help

Page 5



QM geometry optimization of cytosine and water

Final geometry

of Dimer -2 +& ViewerPro - [cytw-2.pdb]

E File Edit Wew Tools Modify SiWindow  Help
Dl & g H & b
3

gfj\ Dimer - 2 2

s

o \

7

Jo

a.

Jr

Ja

Ja
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QM geometry optimization of cytosine and water

Final geometry
of Dimer - 3

«21 ViewerPro - [cviw-3.pdb]

55 Ele Edt view IdYs Modify Wwindow Help

Dl & g H & i

Dimer - 3

1.94

T Se o R 4D e o

1.85

Page 7



QM geometry optimization of cytosine and water

«1 ViewerPro - [cytw-5.pdb]
@ File Edit Yiew Tools Modify Window Help

Final geometry

of Dimer - 4 Lhe=E & g H i
h
| Dimer - 4
jrd
g
i
2.

Page 8



QM geometry optimization of cytosine and water

@ table_cytw.doc - Microsoft Word

F|na| results ! File Edit ‘Miew Insert Format  Tooks  Table  Window  Help
P 2SS s B Y - | | 100%
QP A kDD R T YIS
E|-- ""'1"E'"'.E"'."ﬁ"3"""'4
.
- Hydrogen Bond | Hydrogen Bond
N\ | Maolecular System Distance Energy 1)
. {Angstrom) (kcalfrmol)
.| Rimer-1 2.00 6.3
_ Dimer - 2 1.93(1.99) -1149
: Rimer- 3 1.85(1.94) 125
~ | Rimer-4 1.93 76

10 Energy = E(dimern — [Elacid)+E{water)]

E is anenergy of the molecule, which is
calculated atits optimal geometry

Page 9



QM geometry optimization of cytosine and water

Calculations with a
constrained distance

+ ViewerPro - [cytw-1.pdb]

.:’j File Edit Wiew Tools Modify Window Help

Page 10



QM geometry optimization of cytosine and water

Constrained distance
between two atoms

& 2:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help

H &l © 2 B

& Quick Connect || Profiles

EEEY LT

hazis
dgom_opt coords

Fopt

CONSTEAINT

stre 10 14 1.6
ENDCONSTEAINT
fend

Connected ko bono,cor, buffalo,edu

B-31+GF

200
256
Z00a

S3HZ - aes128-che - hmac-mc
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QM geometry optimization of cytosine and water

Final energy with a
constrained distance

# 2:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew ‘Window Help

&& 02 & B &) S S @

L T3E979 -1.059863 -0,0013549
927840 -0.414793 -0.004381
3.041205 -0.9320210 -0, 004879
-3.58486584 0.132866 -0,010391
-4, 352800 0.2113149 -0, 836080
=-4,4535001 0.247696 0.713428
umher of degrees of freedom: 42

Point Group: c

Energy is -471.375570143

Constraints and their Current Values
WValue Constraint
Diztance (Angs): 10 14 1600000 1. 600000
12;

959HZ - aes128-che - hmac-mds - none | §3x15

Preview printing
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QM geometry optimization of cytosine and water

Energy as a fu nCtion E3 Microsoft Excel - cytw. xls

. (7] File Edit  View Insert Format  Tools Data  Window Help  Adobe FOF
of a constrained 'ﬁﬁﬂﬁhﬁﬂ?m&‘ﬂ 7 E'.
. : i L =3 [J3 - : Aria
distance - -
[21 - ps
A | ¢ [ b | E | F | G
1
S Cytosine and Water
3 7.0 4
4
= 6. ‘\A
B 50
! E //
B| E 40 .
9| ® ‘
0] 2 30 //
1] 3 \
12 E 2.0 T }
13 % 40
14
15 0.0
16
17 -1.0 1
18 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
;ﬁ Distance Rp.y (Angstrom)

Page 13



QM proton transfer in Thymine and Adenine dimer

Initial geometry of Thymine
and Adenine dimer

+#1 ViewerPro - [ta-opt.pdb)

ﬁ File Edit Wiew Tools Modifs\ Window Help

L3

s
s
i’
o
g
fo
2.

Page 1



QM proton transfer in Thymine and Adenine dimer

Initial geometry of the
dimer taken from an
experimental PDB file

#l 2:bono.ccr. buffalo.edu - U2 - §5H Secure Shell

File Edit “iew ‘Window Help

H &l @ &2 B

__| Profiles

+ Nuick Conneck

EEEY I

Smn:nlec:u&

o1

-Z2.499
-£1.341
-20.331
-£1.396
-z0.105
-z0.044
-z0.082
-19.243
-ZZ.630
-ZZ.800

o o = i = s [ i s =

41.
41.
41.
40.
39,
38.
39.
4n.
39,
3d.
"ta-opt.in” 43L, 1701C

963
372
76z
312
aa7
a55
7an
231
T3
o9

10&.
10&.

103

1o

107

Connecked ko bono, ooy, buffalo,edu

a7
173

. 435
107.

330

.831
107.
105,

127
744

216
l0a.
l0a.

209
155

55HZ - aesl28-cbe - hmac-r
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QM proton transfer in Thymine and Adenine dimer

Geometry optimization
of the dimer

# 2:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help
H Sk @ 2 B S e &N

;j Quick Connect | Profiles

] -27.204 40,710 107.330
-Z8.449 39,646 106.092

C -28.389 38.735 105.082

H =N0. 385 38.583 104, 340

gend

$rem *

jobtype opt ! geometry optimizatis
excharnge h3lvyp ! hybrid exchanges
baszi= B-314+GF ! Pople's double zeta
nem static 258 I Static memory

mem total Z00a ! Total memory

gend
Connected ko bono,cor.buffalo, edu S5HZE - aes128-chbe - hmac-mds
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QM proton transfer in Thymine and Adenine dimer

Optimization
converged

#l 2:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File
HE &Sk 7 ¥ B dh | E | | @ N?

& Quick Conmect || Profiles

Edit  Miew Window Help

inimum Zearch - Taking 3imple RFO0 Step

Seaxching for Lamda that Minimizes Along A1l modes
Walue\Taken Lamda = -0.0000010%9

Stepsize iz 0.013774

Maximum Tolerance Cregd?
Gradient 0. 000093 0. 000300 TES
Displacement 0,0066353 O.001z00 o
Energy change -0. 000001 0.00o00ol1 TES
Connected ko bono.ocr . buffalo.edu S5HZ - ae
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QM proton transfer in Thymine and Adenine dimer

A series of calculations for
the constrained R value

v ViewerPro - [ta-opt. pdb]

&5 Fle Edit View Tool\ Modfy Window Help
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QM proton transfer in Thymine and Adenine dimer

A constrained distance
between two atoms

#l 2:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew ‘Window Help
HE &Sk 7 ¥ B dh | E 0 S &N

& Quick Conmect || Profiles

gedy _opt_coords ]
geon\opt_max cycles 200
mem Stgtic 256
nem ot Z0ao
fend

Fopt

CONSTRAINT

stre 11 12 0.6
ENDCONSTELINT
zend

Connecked ko bana, oo, buffala,edu SSHZ - aes128-che - hmac-m
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QM proton transfer in Thymine and Adenine dimer

Final energy for a
constrained distance

# 2:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit %iew ‘Window Help

M Sl 2 B B E) S | @ N?

I 27 -0.5933764 -Z.434777 -0.014665
23 N -Z.961832 -1.545045 0. 030950
29 C -3.65876l1 -0.699654 0. 029727
30 H -5.713705 -1.268053 0. 1034350

Point Group cl Mumher of degrees of freedom: 84

Energy is -921.103213003

Constraints and their Current Values

Value Constraint
Distance (Angs): 11 12 0. &00000 O.&00o000
Connecked ko bono,ccr, buffalo,edu S3HZ - aes128-che - hmac-mds - none | &9
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QM proton transfer in Thymine and Adenine dimer

The energy as a

E3 Microsoft Excel - ta.xls

. e File Edit  Miew Insert  Formak  Tools  Daka  Window  Help  Adobe POF
function of the =] : i o
: NN BEYIENENE A NN - S . -
R(N-H) distance
H1E - 2
A~ | B | ¢ | D | E | F | &
1
2 Protin Transfer hetween Thymine and Adenine
NS 45.0 -
4 40.0
5
B g |
7T 300 P
B £ 250 \
9| % \
10/ = 200 \
1] 2 150
12 2
13 w1010
14 5.0
15 /
0.0
16
17 -5.0 1 1
18 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2
;g Distance Ry.g {Angstrom)
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QM proton transfer in Thymine and Adenine dimer

A constrained
interatomic distance

+i1 ViewerPro - [ta-opt.pdb]

&3] ERNEdt View Tools Modify Window Help

'}

O
¥
i

Wi PR R e

Page 9



QM proton transfer in Thymine and Adenine dimer

The energy as a
function of the

Edit

EJ Microsoft Excel -

; @_] File:

Wi

ta2.xls

Insert

Format  Tools  Chart  wWindow Help  Adobe PDF

R(N-H) distance NG HRSATEI s @ s fm
“alue (%) axis [ = &
A | B | ¢ | D  E | F | G

1
.-A Protin Transfer between Thymine and Adenine

3 \ - 45.0

4 } 40.0

g \\ [ 35.0

7 A 300 <
g ] E
5 { 25.0 %
10 P 200 £
1 S, o SO N \ I 150 B
b NI, :
14 \ 5.0

15

16 \{ 0.0

17 L T = -5.0

18 2.2 2.0 1.8 1.6 14 1.2 1.0 0.8 0.6

;ﬁ Distance Ry.y (Angstrom)




QM tautomerization - Alanine

Two tautomers

Of alan|ne ++1 ViewerPro - [ace-1.pdb]
\ ﬁ File Edit Wew Tools Modify Window  Help
N =Ed & B g H G

/

o e R S
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QM tautomerization - Alanine

Geometry
optimization

E 2:bono.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit \Wiew ‘Window Help

H &l 2 B B &) S @

&1 Guick Connect ] Profiles

-1.013 -1.117 -0.735%
0.e0a6 0,453
-1.548 -0.429

0.1z2s8
Jjobtype opt ! geometry optimiz:
exchange b3lyp ! hybrid exchange
basis G-314G* I Pople's double =ze
oL
Tace-1.in" Z6L, S06C 17,1

Connecked ko bono, ooy, buffalo, edu 93H2 - aes128-che - hmac-no
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QM tautomerization - Alanine

Flnal reSUltS Lt table_ace tau.doc - Microsoft Word
! File Edt Wew Insert Formatb  Tools  Table  Window  He
RN WA LA O ey e A R g
- eI X]

) £
- Relative
. Maolecular System |Energy 1)
. (kcalfmol)
Z Tautomer - 1 0.0
- Tautomer - 2 0.9
O
N 1) Zerois the energy of the most
: stable tautomer
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QM tautomerization - Alanine

Geometry
optimization with
a constrained
distance

& 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File = Edit Wiew Window Help

B gl © 2 B B E) S T @K

&1 Quick Connect || Profiles

Hasis B-31+GF ! Pople's double zet
geon opt coords 0 ! cartegsian coordin
geon opt max cycles 200 ' long geometry opti
ey static 256 I Static memory
nem Ngotal Z00a ! Total memory

fend

Fopt

CONSTRAINT

stre 10 11 n.9

ENDCONSTRAINT

gend

53HZ - aes128-che -
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QM tautomerization - Alanine

E3 Microsoft Excel - ace.xls

Final results

@_] File Edit Wiew Insert Formak  Tools Data  Wwindow  Help  Adobe POF
NG SRTE % i o BA
[7 - B -2BE. 404485569
A | B | ¢ [ b | E | F | &

Proton Transfer in Acetic Acid

e
L /1N
AR
.“"l.
\
// \
A

Distance Rp.y (Angstrom)




QM tautomerization - Alanine

+2| ViewerPro - [ace-1w.pdb]
Alanlne and E Fil= Edit Wiew Tools Modify Window Help
water dimers Dl & i

\ 1.96

1.79

Ta Bawy 4D D A A

1.95
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QM tautomerization - Alanine

Geometry
optimization

File Edit

Wiew  Window  Help

& 1:bono.ccr. buffalo.edu - U2 - 55H Secure Shell

H &l "2 2B #& &840 % @

& Quick Canmect || Profiles

H
H
fend

-Z

frem
jobtype
excharnge
bha=is=s

mem static
mem_ total
Fend

LT2E

Connected to bono,cor, buffalo,edu

-4.326 -0.790 -1.125
-0.937 -0.891

opt
b3lyp
E-S1+G+
256
2000

geonetry optimizati
hybrid exchange
Pople'z double zeta
3tatic memory
Total memory

S5HZ - aes128-che - b
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QM tautomerization - Alanine

Flnal reSUItS g table_acew_tau.doc - Microsoft Word

! File Edit Wew Insert Format  Tools  Table  Window  Help

RWET - RN RV X A e A R R oRa) Y

QP Sk 2 B SR R

El--u------u 1 Er---lziﬁ-u---3-
% A Relative

) Molecular System |Energy 1)

~ (kecalimol)

: Jautomer - 1 00

- Jauomer - 2 0.1

1) Zercis the energy of the most
stable tautomer
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QM tautomerization - Alanine

Calculations with a
constrained

. E 1:bono.ccr.buffalo.edu - U2 - $5H Secure Shell
distance

File Edit Wiew ‘Window Help

H &l &2 BB S D S @

.-j Quick Connect || Profiles

feom_opt max owoles 200 ' long geometry optini
meR static zhe | Static memory
mem_sgtal Z000 ! Total memory

gend

Fopt

CONSTRAINT Q

stre 10 11 0.9
ENDCONSTEAINT

cend

Connected ko bono,cor, buffalo, edu S3HzZ - aes128-che - ho
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QM tautomerization - Alanine

Energy of the

EJ Microsoft Excel - ace-w.xls

proton tranSfer @_] File Edit Wiew Insert Format  Tools  Data  window  Help  Adobe PDF
SN EEH R GERITE % aE S Hio o B A
S - e -344 800017657
A | B | ¢ | b | E | F | &
2 Proton Transfer between Acetic Acid and Water
3 45.0 1
g 400
B 35.0 \\
/ 3 J30.0 \Q
8] F 250
nm| =
11 = 20.0
121 2 150
13| &
14 10,0
15 5.0 - s e
16 ' 1 i A
17 0.0 ./ \F———‘ 1
18 e 10 12 14 16 18 20 22 24 26 238
;g Distance Rg.y (Angstromy)
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QM tautomerization - Alanine

Alanine dimers 31 ViewerPro - [ace-1d. pdb]

ﬁ File Edit Wiew Tools Modify  Window Help

D=l & g

s
s
=
hr]
g
o
2.
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QM tautomerization - Alanine

Geometry
optimization

El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew ‘Window Help
H &gl & 2 B b )| N @R

& Quick Conmect || Profiles

0 1.320 1.286 0.129
0.324 1.161 0.14z
fend

FYem A

jobhtype opt
exchange b3lyp
bazis B-31+G*
mem static 256
mem total 2000
gend

"ace-ld.in™ 35L, 1311C

geonetry optimizati
hybrid exchange
Pople's double zeta
Static mewmory
Total memory

Connected ko bana,cor, buffala, edu 55HZ - aes128-che - hmac-mds -
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QM tautomerization - Alanine

@i table_aced_tau.doc - Microsoft Word

Flnal results ! Fle Edt Wiew Insert  Format  Tools  Table  window  Help
R DRV VA A ey e A R Rl
HVA R N RIS S

E||| 1 E’"'I2y_\l'l"3
) &
- A Relative
. Molecular System |Energy 1)
~ (kcalimol)
Z Jautomer - 1 0.0
- Jautomer - 2 0.0
[]
N 1) Zerois the energy of the most
. stable tautomer
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QM tautomerization - Alanine

Geometry
optimization with
a constrained
distance

H gl © 2 B

;j Quick Connect | Profiles

Hl 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Yiew Window Help

RN LS

hasis=s
fgeam_opt_coords
geon_opt ma¥ cycles
LEm_ sStatic

ey total

gend

fopt

CONSTRAINT

stre 10 11 0.9
ENDCONSTRAINT

Hend

Connected ko bono,cor, buffalo, edu

B-314+G*

Z00
Z56
Z000

Pople's double =zet
cartessian coordir
long geometry opti
Static memory
Total memory

53HZ - ags128-che - hmac-md:
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QM tautomerization - Alanine

Energy of proton

E3 Microsoft Excel - ace-d.xls

. (] File Edit Wew Insert  Format  Tools Data  Window Help  &dobe PDF
transfer in the _—]- o Sl e -
di INEEHRSRITE s @EF  Hiv o B A

Imer 15 - F -006.545257940
A [ B | ¢ | b [ E [ F [ 6
1
\ 2 Proton Transfer in Acetic Acid Dimer
EL 45.0 -
4 40.0
5
E \
il = S
a E 30.0 \
9] F 250 S
1| =
11 E 20.0
121 2 150
12| &
14 10.0
15
5.0 - A3
16 ( L~
18 o8 10 12 14 16 18 20 22 24 26 28
;ﬁ Distance Rp.y (Angstrom)
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QM tautomerization - Alanine

. S Spartan 06 - ace-1:M001
EleCtrOStath File Edit Model Geometry Build Setup  Display  Search

potental | gzl [V +

1
1.
S

(%] | DL £]s

\
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QM tautomerization - Alanine

S Spartan “06 - ace-Tw:M001
File Edit M™odel Geomebry Buld Setup  Display  Search

V3

Electrostatic
potential of

Bll=2S

G| ¢]| @l 5]

hydrogen
bonded dimer
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QM tautomerization - Cytosine

Geometry

optimization of =3 ViewerPro - [cyt-1.pdb]

three CytOS|ne ﬁ Fil= Edit “iew Tools Modify ‘Window  Help

tautomers T gd & o me mg H ® i

\

o e R S
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QM tautomerization - Cytosine

Geometry
optimization of
three cytosine
tautomers

“E 2:bono.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit | Wiew indow  Help

H &l &2 B M S R @K

& Quick Connect ] Prafiles

3.371 0,645 0.00a

H 2,855 1.976 o517
H L8535 1.969 -0.5816
gend

2\
$rem
jobtype opt ! geometry optimiza
excharnge b3lyp ! hybrid exchange
baszi= 6-314GF ! Pople'zs double =e
ﬂem_static 258 I Static memory
mem total Z000 ! Total memory
gend
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QM tautomerization - Cytosine

{1 | table_cyt_tau.doc - Microsoft Word

Final results of

! File Edit Wew Insert Formak  Tools  Table  Window  Help

the calculations AEVETE NN A e A o W
iQEE N AL LD D SR i
|§:%(_\||2|3

o+

) A Relative
. Molecular System |Energy 1)
. (kcalmol)
: Tautomer - A 0.0
- Tautomer - B 27

Tautomer - C 209

O

1) Zerois the energy of the most

stable tautomer
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QM tautomerization - Cytosine

E3 Microsoft Excel - cyt-ph-1.xls

@_] File Edit Wiew Insert Format Tools Data  window  Help  Adobe PDF

Energy of the : :
. 9y HER=A" RERR= NENE A N - Elelﬂvlﬂlé
first phase of T =
proton transfer A | 8 | ¢ | o [ E [ F [ @&
L2 Proton Transfer in Cytosine, Phase - 1
50.0 -
4 0
g 40.0 P
c )
7| = 350 A
5 7
51 = 300 / h\
0] = 250 i
1; % 20.0 A \\
13| & 150
14 10.0 i \ //
12 5.0 s/ . B ~
17 0.0 JJ .
18 0.8 1.2 1.6 2.0 2.4 2.8 3.2
19

Distance Rg.y (Angstrom)
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QM tautomerization - Cytosine

B3 Microsoft Excel - cyt-ph-2.xls

Energy Of the @_] File Edit Wwiew Insert Format Tools  Data  window  Help  Adobe POF
second phase of ;) - 3 4 o %@ 6 - s Bio - B A
proton transfer 5 - A -434.212710301
A | B | ¢ [ o [ E [ F [ &
(1
Proton Transfer in Cytosine, Phase - 2
3 50.0
4 A5 ™,
g 10.0 \\A / \,,
7| = 350 \
8 £ 300 / \
9| ® /
0l £ 250 \\
1] 3 200 A
12| @ , gt
13| w 15.0 B } C
14 10.0
15 ol 3/
15 ) u
17 0.0 1
15 0.8 1.2 1.6 2.0 24 28 3.2
;g Distance Rp.y (Angstrom)
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QM tautomerization - Cytosine

+&) ViewerPro - [cyt-aw.pdb]
TWO tautomers @Eile Edit WView Tools Modify Window Help
of the cysteine DEH & g
and water dimer

o

h
¢
J

e
&
A
Iz

Va
=
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QM tautomerization - Cytosine

Energies of
the CalCUIated EE' table_cytw1_tau.doc - Microsoft Word
dlmerS ! File Edit Wew Insert Format  Tools  Table  Window  Help

WA= MRV RN A <Ry e A R Y
H AR RIS Y

-|------|--1 Er---lziﬁ-u--3-
_ N &

) Relative

. Molecular System |Energy 1)

3 (kcalfmol)

_ Jadtormer - AW 00
- Tautomer - BW 30

O

1) Zerois the energy of the most

stable tautomer
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QM tautomerization - Cytosine

E3 Microsoft Excel - cytw-ph-1.xls

Energy Of proton @_] File Edit “iew Insert Formak Tools Data  Window  Help  Adobe PDF
transfer HANEN" BENE= RENE AN TE=RE=N E_ii':' -| B | A
5 - A -510F943787E2
A | B | ¢ | Db | E | F | @&

2 Proton Transfer between Cytosine and Water, Phase - 1
3 0.0 4
4 45,
5
E 40.0 \\
7| = 350 -
8| E ™

= 30.0
3] 8
10| = 25.0
1] & 200
12 %
13 w 15.0
14 10.0 4
15 5o LA //.\x B
16 ) ‘?-_——-—-Y
17 0.0 \o/ t t :
18 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2 24
;ﬁ Distance Rp.y (Angstrom)
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QM tautomerization - Cytosine

Two +2) ViewerPro - [cyt-cw. pdb]
taUtomerS Of ﬁ Fil= Edit Wew Tools Modify Window Help
the cysteine = |
water dimer
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QM tautomerization - Cytosine

Results Of the v} table_cytw?2_tau.doc - Microsoft Word
calculations

! File Edit Wew Insert Formak  Tools  Table  Window  Help
HRWER= DRI RN A AP N e AL R
H Y- ERAE Y I IEX]

El D L i Er o -I2 e L
N

- Relative

. Molecular System |Energy 1)

3 (kcalfmol)

} Jautomer - CW 56
- Tautomer - DV 205

|

1) Zerois the energy of the most

stable tautomer
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QM tautomerization - Cytosine

E3 Microsoft Excel - cytw-ph-2.xls
El_] File Edit ‘Wiew Insert Format  Tools  Data  window  Help  Adobe PDF

Energy of proton

transfer between  Enpegiy g e g om0 - inja
tautomers of the 5 - A -510.660264735
: A, B G ] E F ]
L2 Proton Transfer between Cytosine and Water, Phase - 2
3 50.0 -
4 \s.u\
5
B 40.0
7 = 35.0
5| E s
= 30.0
91 8
10| == 25.0
1| & 200
12| /S D
14 10.0 - C /
15 1/
15 5.0
17 0.0 J-/ .
18 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2 24
l? Distance Rg.y (Angstrom)
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QM tautomerization - Cytosine

Two taUtomerS +2| ViewerPro - [cyt-cww. pdb]
of a cysteine B Ee Edt Vew Toos Modfy Window Help
water trimer DEl & w g

L3

i
&
£’
jr
7
do
a.
r
i
i
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QM tautomerization - Cytosine

Results of the

| I t o table_cytww2_tau.doc - Microsoft Word
Calculalions 5 Edit  Wiew Imsert Format  Tools  Table  Window  Help

SN E ST B S0 @

H VAR R - XS

E||| 1 E’II'.ZE‘IIII3'
AN k2

) Relative

. Molecular System |Energy 1)

3 (kecalimol)

_ JTautomer - CWW 0.0
_ Tadtomer - DWW 14 9

O

1) fercis the energy of the most

stable tautomer
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QM tautomerization -

Cytosine

Energy of proton

B3 Microsoft Excel - cytww-ph-2.xls

tl’anSfer |n CytOS|ne E_] I-Ei; ;dit 'iiiew lnsrr.;" En'iat Tools Qataj ﬂindu:qu .uelp .ﬁiu:h:ulge ;:'D;
. . J _é l.j _:L * =3 ﬁ T n - B =
dlmer and trlmer 12 - B 510691407257
A | B | ¢ | D | E | F | G
SN )
3 \N]\ Proton Transfer between Cytosine and two Water, Phase - 2
: | I
g \ j,‘ir H\ — 4— One water
= 20.0 \\A 7 "‘\ \ —+—Two waters
7 = f \
[=]
5 E 15.0 1 .-qi
9| § V 1 —
m| =
/
1] B 400 1A D
12| & :
13| W o)
14 5.0
15
16
17 0.0 1 1
18 0.5 1.0 1.2 1.4 1.6 1.3 2.0 2.2 2.4
13 Distance Rqy (Angstrom)
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QM tautomerization - Cytosine

S Spartan " 06 - cyt-1:M001
File Edit Model Geometry Build Setup  Display  Search

Electrostatic

potential of OV | | =
cytosine B2 [V +5i1<%% ¢ DL £
tautomer - 1
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QM tautomerization - Cytosine

Electrostatic S Spartan 06 - cyt-2:M001
pOtentIa| Of File Edit Model Geometry Build Setup  Display  Search

cytosine BBl [V %% & DL (¢
tautomer - 2
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QM tautomerization - Cytosine

S Spartan " 06 - cyt-3:M001
File Edit Model Geometry Build Setup Display  Search

‘{}I/

Electrostatic

potential of Q| v +

cytosine
tautomer - 3

\'f
P

E | LN e
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QM tautomerization - Cytosine

S Spartan “06 - cyt-aw:M001

File Edit Model Geometry Build Setup Display  Search

Electrostatic
potential of Bl VvV +:%% & DL e
cytosine water
dimer (AW)
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QM tautomerization - Cytosine

S Spartan "06 - cyt-bw:M001
File Edit Madel Geometry Build Setup  Display  Search

DS E [V +0i%%

Sy

Electrostatic
potential of
cytosine water
dimer (BW)

I
sle
PN

E| LM e
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QM tautomerization - Cytosine

S Spartan 06 - cyt-cw:M001

File Edit Model Geometry Build Setup  Display  Search

RS- [V +<%% & DL £

Electrostatic
potential of
cytosine water
dimer (CW)
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QM tautomerization - Cytosine

S Spartan “06 - cyt-dw:M001

E|eCtI"OStatIC File Edit Model Geometry Build Setup  Displawy  Search

potential of D\@|I“\H\ ’V [:¢]? % H 1?443%?..\ ¢|{:

cytosine water
dimer (DW)
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QM Reaction Profiles - Menshutkin reaction

Menshutkin
reaction

+2 ViewerPro - [r34.pdb]

@ File Edit Wew Tools Modify SWindow Help

DEE & B @ W g H B
RN
&
3 Reactants
5
o
i} Transition State
4.
Pz
Ve
2 Products
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QM Reaction Profiles - Menshutkin reaction

Reaction

coordinate for = ViewerPro - [r34.pdb]
reactants &5 File Edit View Tools Modfy Window Help
DEE & g H i

ToSexgy 3 s fow

\ R(N-C)
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QM Reaction Profiles - Menshutkin reaction

Constrained
geometry
optimization

“El 3:bono.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit ‘jew indow Help

H &l &2 B

& Quick Connect ] Prafiles

RN LS

Srem

jobtype opt
exchange b3lyp
haszis B-31+G*
sy static 258
mem Ngotal 2000

fopt

CONSTEAINT

3tre 1l 5 2.6
ENDCOMNATEAINT
fend

Connected to bona,cor, buffalo,edu

SSHZ - aes128-che - hmac-
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QM Reaction Profiles - Menshutkin reaction

Reaction
coordinate for
products

+&1 ViewerPro - [p38.pdb]

ﬁ File Edit Wew Tools Modify iWindow  Help

L= & g H # P

T

R(C-CI)

Fa Sy 3 ) o
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QM Reaction Profiles - Menshutkin reaction

Constrained
geometry
optimization

H 3:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew ‘Window Help

E &gl F 2 B

& Quick Cammect || Prafiles

WEEEIE WL

FLED

Jobtype opt
exchange b3lyp
basis G-314G*
e Static 256

med total 2000

Fopt

CONSTRAINT

stre 5 & Z.6
ENDCONSTEAINT
zend

Connecked ko bono, ooy, buffalo,edu

23

593HZ - aes128-che - hmac-md
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QM Reaction Profiles - Menshutkin reaction

Results of the
calculations

Reactants

Products

E3 Microsoft Excel - profile.xls

@_] File Edit Wiew Insert  Format  Tools  Chark W
RWET = PRV NENE A P e e
Chart &rea | = i
ANl A | B | | D E F
1 |R(CCL) R(CNY R-Del Energy  kcalfm
2 1.84 3.40] -2.30[-556.6657 0.00
N~ 1850 300 -1.83(-556.6643| 0.47
4 1.88 Z2G60| -1.45|-5956.65293 4.05
o 2000 2200 -0.94{-556.6334| 17.11
5 2220 2000 052555 R223 2722
7 2600 192 0055556151 31.73
- 3000 1600 OBR|(-555.6143) 32.28
9 3400 1.86) 1.10(-556.6062| 36.91
10 3800 156 1.50[-556.5955] 43.45
11
12 -556.6R5T
13
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QM Reaction Profiles - Menshutkin reaction

E3 Microsoft Excel - profile.xls

ReaCtIOn prOflle EI_] File Edit  Miew  Inserk Fvgrmat ILTD'S_ Data  Window .ﬂelp ad
=N BEYIE NN A NN S . -
J20 - 2
G | H | | o | K | L
1
- Feaction Profile of Menshutkin Reaction
3 \ng B3LYP/6-31+G"
1 45.0 ]
] - AN
B 40,0 ,/’
7| = 350 _,’
5| 2 _A—T
5 E 0.0 ,p
10 E 25.0 7
11 E 20.0 i
12| 5 15.0
13 & 100
]
15 0.0 {o—=—]
17 -5.0 1
18 2420 16 -2 0.8 0.4 00 04 0.8 1.2 16 20
;ﬁ Reaction Coordinate Re.y - Ry - Rrs (Angstrom)
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QM Reaction Profiles - Peptide Reaction

+| ViewerPro - [react.pdb]

Creating a
peptide bond

ﬁ File Edit Wiew Tools Modify ‘Window Help

=
e
=
r]
g
]
.

Page 1



QM Reaction Profiles - Peptide Reaction

Reaction

coordinate in

reaCtantS \ E File Edit Wew Tools Modify SiWindow  Help
T=H & Be wy H & B

R(C-N)

WEr PR R S

Page 2



QM Reaction Profiles - Peptide Reaction

Geometry
optimization with
a constrained
distance

“E 1:bono.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit ‘jew indow Help

H &l &2 B

& Quick Connect ] Prafiles

RN LS

haziz

geom_opt coords
geon_opt_max cycles
men static
menN\total

fend

fopt
CONSTRELAINT

atre 2 7 l.6
ENDCONSTEAINT
fend

Connected to bona,cor, buffalo,edu

6-314+GF
00

ala
2000

S5Hz

- aes128-che - hmac-n
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QM Reaction Profiles - Peptide Reaction

Reaction

coordinate in

prOdUCtS &5 Fle Edt View Tools Modify Window Help

s

R(N-H)

WP e RS G /
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QM Reaction Profiles - Peptide Reaction

Geometry optimization
with a constrained

. Hl 1:bono.ccr. buffalo.edu - U2 - §5H Secure Shell
distance

File Edit %iew ‘Wwindow Help

H &l @ 2 & &)L K &N

.-'_'| Quick Connect || Profiles

bhasi= B-314+G*
geom opt_coords 0
gEOm 0Opt max cycles Z00
e Static alz
memM\total Z0ao
Fend

A\
Fopt
COMNSTEAINT
stre 2 5 Z.6
ENDCONZTEAINT
Fend

"prod-Z26.in"™ 36L, 1034C

Connecked ko bono,ccr, buffalo,edu 55HZ - aes128-che - hmac-m
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QM Reaction Profiles - Peptide Reaction

Results of the
calculations

Reactants

Products

E3 Microsoft Excel - profile.xls

El_] Fil=  Edit Wiew Insert Format  Tools C
ARNG=A" REAN= REN AN =R
F1g - p3
~| A | B |l c| D | E |
1 |R(MH) R{CH) H-Del Energy  kcalfm
2 1.02 220 -1592-3249458 1132
3 1.02 200 -1.72-3249384 1596
L 1.02 180 -1.52-3249304 2096
g 1.02 160 -1.32-3249211 26.81
B 1.200 1400 -0.894 3248993 4047
7 1400 138 -072 -3249425 1339
a 1600 137 -0.4581-3249551 544
9 180 137 -0.31-3249608 1.91
—0 200 1.37 011 -32489621  1.09
11 2200 137 009 -3249:32 036
12 2400 137 029 -32459:34 028
13 2800 137 049 -324 5935 0.00
14
15 -324 9535
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QM Reaction Profiles - Peptide Reaction

E3 Microsoft Excel - profile.xls

ReaCtIOI’] prOfI|e E_] File Edit ‘iew Insert  Format  Tools Data  Window Help 4
HRNER= NENIE RN AN RN - ST AN - HE
L23 v 3
~NG | H o ok e
1
2 \ Peptide Reaction - B3LYP/6-31+G*
3
1 60.0 -
5
50.0
B
7 40.0
8 /
4 30.0

20.0 \k
10.0 4

14 \‘5

15 0.0 b

=
Energy (kcal/mol)

16

17 -10.0 1

18 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
;ﬁ Reaction Coordinate Ry - Ry - Rrs (Angstrom)
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QM Reaction Profiles - Peptide Reaction

Transition state
structure of the :
peptide reaction |ERAECRULTLY!

\ @ File Edit Wiew Tools Modify Window Help

EEIEEEEr G e

.

WErP PR R Qe S
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QM Reaction Profiles - Peptide Reaction

Transition state
structure of the
peptide reaction,
which is stabilized
by a water

molecule \

+# ViewerPro - [react-12w.pdb]

ﬁ File Edit Wwiew Tools Modify Window Help

DeE & g H & o

.

PEF RO
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QM Reaction Profiles - Peptide Reaction

Reactants
and products
of the peptide
T 0l s RIS RNl == ViewerPro - [react-w.pdb]
presence of a | &k et vew Toos vodfy windon e
water w——
molecule
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QM Reaction Profiles - Peptide Reaction

Reaction
Coordlnate for ﬁﬁile Edit  Miew Tools Modify  Window  Help

reactants Y |EEEIE wal||n®

+| ViewerPro - [react-w.pdb]

7

o

)

i
i
e
4
7

g.
Iz
Va
e
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QM Reaction Profiles - Peptide Reaction

Geometry optimization
with a constrained
distance

E 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell
File Edit Wiew ‘Window Help
H & = | S B @

.-j Quick Connect | Profiles

gean_opt_coords 1]
geom opt_max cycles 200
em Static alZ
memN\total Z000
§end

Fopt
COMSTRAINT

atre 2 7 1.8
ENDCONSTEAINT
Fend

Connecked ko bono, cor, buffalo, edu S5HZ - aes128-che - hm
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QM Reaction Profiles - Peptide Reaction

Reaction +#1 ViewerPro - [prod-w.pdb]
Coordlnate for @ File Edit Wiew Tools Modify ‘Window Help
products hEd & L H®
\ h

Ea

% \

E

o

¢

fo

£

e

Ja

s
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QM Reaction Profiles - Peptide Reaction

Geometry
optimization with
a constrained
distance

#l 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew ‘Window Help

HSh "2 =@

& Quick Conmect || Profiles

RN

basis
geon_opt coords
gedn opt_max_cycles

Fopt A
CONSTRAINT
stre 7 9 1.8
ENDCONSTELINT
zend

Connecked ko bono,ccr, buffalo,edu

B-314+G*
200

51z
Z0ao

25HE

- aes123-cbe - hmac-md

Page
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QM Reaction Profiles - Peptide Reaction

Final results

Reactants

Products

E3 Microsoft Excel - profile-2.xls

E_] File Edit Wiew Insert Formak  Tools D
WA FEVIE REVEA <P TEve
E1d - pi
A | B | C O E

Al |R(CO) RCM) |R-Del Energy  kcalim

2 1.60 2200 -1.44-401.3814 462

i 160 200 -124-401.3758 816

4 1680 1800 -1.04 -401.2699 11.83

_>1.5D 160 -0.84 -401 3632 16.03

B 185 1450 -0.69 -401.3432 2861

7 1600 145 -059-401.3332 3487

a 1.80 1.40 -0.34-401.3506 2398

=) 2000 1400 -0.14 -401 3661 1422

10 2200 137 0.09-401.3779 B83

MY 240 137 0.29 -4013849 246

12 2600 127 049 -401.323588 000

13

14 -401 3888

15

Page 15



QM Reaction Profiles - Peptide Reaction

B3 Microsoft Excel - profile-2.xls

ReaCtIOH prOflle Of the @_] File Edit Wiew Insert  Format  Tools  Daka Window  Help
peptide reaction witha 0 S 34 0¥ @& 2@ F) 0 - Biw
E15 - pi

presence of a water .
molecule 1 _ o

2 Peptide Reaction with Water - B3ILYP/6-31+G*

i 60.0 -

5 50.0

NG

7 40.0

5| ¢

85 % ) h

al § 30.0 /\\

1 = 200

12| 5 /

13| & 100

14 e

15 0.0

15

17 1000 1

18 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

lg Reaction Coordinate Ry.c - Re.o - Rrs (Angstrom)
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QM calculations of pKa in amino acids and base pairs

Definition of pKa

HA+H,O—> H,O"+ 4

g - 0 114]
[HA]
K =e *T

Page 1



QM calculations of pKa in amino acids and base pairs

Reactants in the
deprotonation

reaction of -
aspartic acid +#1 ViewerPro - [r30.pdb]
with water & Fle Edt View Tools Modfy Window Help

Page 2



QM calculations of pKa in amino acids and base pairs

Products in the

deprqtonatlon 7 ViewerPro - [p26.pdb]

reaCtlon Of ﬁ File Edit Wiew Tools Modify ‘Window Help

aspartic acid NEd & ‘" g H @

with water \

Page 3



QM calculations of pKa in amino acids and base pairs

Geometry
optimization with
constrained distances
and angles

& 2:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew Window Help
H &l @ 2 & #h 5 S @K

&1 Quick Connect || Profiles

basi=s G-31+G%
qeon_opt max cycles 200
mem static 125
e total 2000

Fopt
CONSTREAINT

ztre 14 1lg 2.6
bend 14 16 19 140.0
bend 14 16 18 140.0
bend 11 15 17 90.0
ENDCONSTEAINT

fend

Connected to bono,cor, bufFalo,edu S5HZ - aes128-che - hmac-mds -

Page 4



QM calculations of pKa in amino acids and base pairs

Final results

Reactants

Products

B3 Microsoft Excel - profile. xls

E_] File Edit Wiew Insert  Format  Tools  Dat:
WA DN RENE A AP
010 - 2
A e | | D | E |

1 |ROH) RHO R-Del Energy  kealfm

2 1.00 300 -274 5837598 793

3 1.00 260 -234 5837618 B70

b 1000 2200 -1.94-588.7664 377

] 1.00 180 -1.54 5857724 0.00

G 1.00 1400 -1.14 5857660 4.04

J o 1400 100 03545887232 50.89
—a 1800 1.00 00 -5857071 41.02

9 2200 1.00 045 -588.6923 5031

10 1

11 -088.77 24

12

13

Page 5



QM calculations of pKa in amino acids and base pairs

B3 Microsoft Excel - profile.xls

Potential energy 0] Fle  Edit  iew Insert Format  Tools Data  Window Help A
surface of the JJH Al o |V @] & 5@ E_EWH
. . D10 - b
deprotonation reaction 5 1 0 | 1 1 1 T ¥ | T
1
2 Aspartic Acid and Water
B3LYP/6-31+G*
N 60.0 -
F)
a
5]
7 | — 400
B| E
4 5
10] 2 200 /
1 2 /
1% E ‘.“-W
Ll
14 0.0
15
16
17 -20.0 1
18 30 25 20 15 10 05 00 05 1.0
;ﬁ Reaction Coordinate Ro.y - Ry.o (Angstrom)
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QM calculations of pKa in amino acids and base pairs

Separate +¥! ViewerPro - [p26.pdb]
calculations for |/# e Edt vew ook podfy Window el
all molecules DEE & iR H @ 3
used in the
reaction &
4
p's
o
i
i
g
i
Ve
& - &y
Neutral Anion and
molecules Cation

Page 7



QM calculations of pKa in amino acids and base pairs

Calculations of
the anion in
the singlet
electronic state

File Edit  Wiew Window Help

H gl " 2 &

.-j CQuick Conneckt | Profiles

“Hl bono.ccr.buffalo.edu - U2 - §5H Secure Shell

EEEY L

Connected ko bono,cor, buffalo,edu

AN
fmaolecule
-11
N -1.781458 1
C -0.670455 0
H -2.057544 1
H -z.596902 1
H -0.378521 0
C -1.160860 -0
C 0.521592 1.
0 -1.670872 -1
0 -1.226047  -0.
H -1.546528  -1.
C 1.678443 0
kE 0.211730 1.

.B71435
. B90432
. G0Z6390
307752
LB02313
LT01353

155490

L 503432

Ga7575
7958361

113737

386719

-0.518913
-0.534715
0. 454020
-l.012266
-1.634531
-0.195715
0.244727
-0.962316
1.15%7759
1.282167
0. 286603
1.279166

S3Hz - aes128-cbe - hmac-md:

Page 8



QM calculations of pKa in amino acids and base pairs

Aspartic Acid

«1 ViewerPro - [asp.pdb]

ﬁ File Edit Yew Tools Modify Window Help
Deprotonation DEld & g H &
energy:

E =173 kcal/mol

oy PR R e

Page 9



QM calculations of pKa in amino acids and base pairs

Cysteine

«1 ViewerPro - [cys.pdb]

ﬁ File Edit Wiew Tools Modify  Window Help
Deprotonation Ded & g H ©)
energy:

E = 181 kcal/mol

oS R R e
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QM calculations of pKa in amino acids and base pairs

Glutamic Acid

ﬁ File Edit Wew Tools Modify Swindow  Help
Deprotonation DEld & g H &
energy:

E = 199 kcal/mol

W TS Rt

Page 11



QM calculations of pKa in amino acids and base pairs

Histidine ()

+#| ViewerPro - [hid.pdb]

E File Edit Yiew Tools Modify Window Help
Deprotonation R= == g H ®
energy.

E = 181 kcal/mol

oS PR R WL

Page 12



QM calculations of pKa in amino acids and base pairs

Histidine ()

+&1 ViewerPro - [hie.pdb]

ﬁ File Edit Wiew Tools Modify Window Help

Deprotonation
DEE & g H & gt

energy:

E =175 kcal/mol

ER - MR 4

Page 13



QM calculations of pKa in amino acids and base pairs

Threonine

+1 ViewerPro - [thr.pdb]

ﬁ File Edit Wiew Tools Modify Window Help
Deprotonation DEl & ‘" o H @
energy.

E = 196 kcal/mol

o e R et

Page 14



QM calculations of pKa in amino acids and base pairs

Triptophan

«1 ViewerPro - [trp.pdb]

ﬁ File | Edit  Wew Tools Maodify Window Help
Deprotonation DEH & ¢ H @
energy:

E = 180 kcal/mol

To By 40 s fow

Page 15



QM calculations of pKa in amino acids and base pairs

Tyrosine

+2) ViewerPro - [tyr.pdb]
Deprotonat|on @ File Edit ‘“iew Tools Modify  Window  Help
energy. DEE & g H # i

E =178 kcal/mol

Fo Sewy W D 4w

Page 16



QM calculations of pKa in amino acids and base pairs

e table_pKa.doc - Microsoft Word

! File Edit ew Insert  Format  Tools  Table  Window  Help

Final results ARRE=R" BN E= NN A YRR - AN RN
1S R A I N e
CIEENEEEE SRR RS SRR SRR
) N Amino Acid W
. (kealfmol)

: ASP 173
: CYS 181
: GLU 199
~ HID 181
' HIE 175
: THR 196
: TRP 180
A TYR 178

1) Calculated as an energy difference
E = E(H*)+E(A)-E(HA)

Page 17



QM calculations of pKa in amino acids and base pairs

Stabilization of

neutral aspartic »| ViewerPro - [asp-wat.pdb]
aC|d and Water by ﬁ File Edit ‘“ew Tools Modify MWindow Help
two water DEE & il )

molecules

h
s
1.78

o TS e R

1.91 ?

Page 18



QM calculations of pKa in amino acids and base pairs

Stabilization of
lonic aspartlc acid »+| YiewerPro - [asp-wat-dp.pdb]

and Water by tWO ﬁﬁile Edit  Wiew Tools Modify Window Help
water molecules NEd & =T

H &

1.21

Page 19



QM calculations of pKa in amino acids and base pairs

DeprOtOnation energy T table_pKa-1.doc - Microsoft Word

Of acetlc aC|d ! Fle Edit Wew Insert Format  Tools  Table  MWindow  Help
stabilized byawater HRNE=A" BN RN S-S =N - A RN Ry
molecule 1S RIS N

Ellg:&1|2|

) [+

. Deprotonation

i . Amino Acid | Energy 1)

~ (kealimol)

) ASP 173

- ASPAWAT 135

]

1) Calculated as an energy difference
E = E(H)+E(A)-E(HA)
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QM calculations of hydronium ion

Optimal geometry
of hyd ronium ion +¥| ViewerPro - [wat-p.pdb]

@ File Edit Wiew Tools Modify ‘Window Help

WP PR R NS

Page 1



QM calculations of hydronium ion

Optimal geometry
of a dimer of
hydronium ion
and a water
molecule

+¥| ViewerPro - [wat-wat-p.pdb]

E File Edit Wiew Tools Modifv ‘Window Help

DEH & mabl|ne

h
i

N

ﬁ‘ \ 1.21
i
4
a.
i

)

1.21

Va
i
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QM calculations of hydronium ion

Geometry optimization
with a constrained
distance and angles

H 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit ‘iew “Window Help
EH & ¥ B S S @

& Quick Connect ] Prafiles

excharnge b3lyp
haszis B-31+G%
d§om opt max cycles 200
mei\static 128
men_tstal 2000
fend

A\
fopt
CONSTRAINT

atre 2 3 Z.6
bend & 3 4 163.5
bend & 3 1 16&3.5
ENDCONSTEAINT

fend

Connected ko bona,cor, buffala,edu SSHZ - aes128-che - hmac-mds
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QM calculations of hydronium ion

Results of the
Ca|CU|at|0n E3 Microsoft Excel - profile.xls

(2] Fle  Edt  iew Insert Format  To

NN PN N2 O i

Chart Area = &
ANl A | B | Cc | D
1 |RHDY Energy kcal/m
2 1.00] -153.1677 295
3 1.20| -153.1725 0.00
4 1.40| -153.1713 0.76
5 1.80| -153.1614 B.93
B

7

5]

9

220] -153.1492) 1458
280( 1531401 2032
3.00) -153.13400 2414

—— N

10 -183.1725
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QM calculations of hydronium ion

Potential energy

E3 Microsoft Excel - profile.xls

Surface Of the @_] File Edit Miew Insert  Formak IEJD'S_ Data  Window .ﬂel? Adi
. . =N BEYIE NN A NN S . -
deprotonation reaction |5 - - |
of hydronium ion | E | F [ 6 T H [ 1T T J 1
© H30+ and H20, B3LYP6-31+G'
1 25.0 1
&
5 20.0
7| = S
5| 2 150
5| =
0] 2 100 A
1 > /
12| 5
13 = 5.0 /
14
15 0.0 \/
16
17 -5.0 1
158 0.5 1.0 1.5 2.0 2.5 3.0 3.5
;g Reaction Coordinate Rp.g {Angstrom)

Page 5



QM calculations of hydronium ion

Deprotonation energy

of hydronium ion T} table_pKa-1.doc - Microsoft Word
Calculated |n a ! Fle Edit ew Insert Format  Tools  Table  Window  Help
molecule H AT A I A
[E] ez e
. 1 | PERIOIONAon
) A ﬁm Energy 1)
By (kcalfmal)
) ASH 36

1) Calculated as an energy difference
E = Ei(H; O ) +E(H O)-E(Hz:0*H O)

Page 6



QM calculations of excited electronic states

Schrodinger equation

HY = EY

Ground electronic state > \{J E
g g

Excited electronic state > ‘lje E o

Page 1



QM calculations of excited electronic states

Bacteriorhodopsin

Page 2



QM calculations of excited electronic states

The reaction cycle of
bacteriorhodopsin

proton flux

Page 3



QM calculations of excited electronic states

Molecular function of
bacteriorhodopsin

hv

) H*

H*

charge separation chromophore proton transport
protonation ——
(/' E |
.‘l\-#
voltage color energy
ps ys ms

Page 4



QM calculations of excited electronic states

Experimental UV

spectrum of bR \
F

2- hv

absorbance [arb. units]
=k
i

Page 5



QM calculations of excited electronic states

_ _ +#) ViewerPro - [br-opt-20.pdb]
The aCtlve Slte Of @Eile Edit View Tools Modify  Window  Help

bacteriorhodopsin ||p zg &

N

mal|n®

I IR Ak

Vo
Ve
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QM calculations of excited electronic states

The trans conformer
of retinal

3| ViewerPro - [br-opt-20.pdb]

_"h g Edit Wiew Tools Modify Sdindow  Help

= L H H gt

E=570 nm
(17500 cm-1)

Trans - Conformer
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QM calculations of excited electronic states

The cis «#1 ViewerPro - [br-opt-20.pdb]
Conformer Of @ File Edit Wew Toaols Modify ‘Window Help
retinal DEE & - ¢ H @

Cis - Conformer

E =410 nm
(24400 cm-1)

ey Tl e Q4D

Page 8



QM calculations of excited electronic states

A small computational
model of retinal

+7| ViewerPro - [br-opt-20.pdb]

ﬁ Filz \Edit Wiew Tools Modify Window  Help

Page 9



QM calculations of excited electronic states

Geometry optimization

of retinal with a

constrined dihedral

angle

E 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit  %iew Wwindow Help

H & ¥ BE

& Guick Canmect | Profiles

RN

Jobtype

exchange

basis

e0m opt max cycles
wew static

Fopt

CONSTRAINT

tors 1 3 5 6 40.0
ENDCONSTELINT
Fend

Connecked ko bana, oo, buffala,edu

opt
b3lyp
B-31+G%
200

125
2000

55H2

- aes128-che - hmac-me

Page
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QM calculations of excited electronic states

Calculations of five
excited electronic

states of retinal model
using TD-DFT

“El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help

H gl " 2 & B &) N @K

& Quick Canmect | Profiles

3.105 -0.408 .00z
3.193 -1.420 a.oo9
3. 287 0.653 -0.004

b3lyp
G-31+G*
cis_n roots 5
rpa Lrue
WEm_Static 128
mem_total Z000

fend

Connected ko bano,cor, buffalo, edu 55HZ - aes128-che - hrmac-mds

Page
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QM calculations of excited electronic states

Results of the
CaICUIationS for the Microsoft Excel - pes-smaller.xls

ground electronic ] Ele Edt Wiew Insert Format  Jools  Chart  Window Help  Adobe P
state, the excited RN RER= RENE AN TN - RS AN RR R R N
. . Chart & - f
singlet and triplet 2T B lc ] o T E T F T 6]
1 Singlet Singlet Triplet
2 Ground Ground Excited Excited Excited Excited

3 au crm-1  au crm-1 au crm-1

4 0 -289.15232 0 -288.99731 34021 -289.07307 16406
5 200 -289.15100 400 -288.99514 34386 28907623 16797
5 400 289145400 1628 -288.99162 0 35379 28907141 17866
7 B0 -289.13468 3980 -288.98693 364080 -289.05435 19410
g a0 -289.11821 7441 -288.98780 D626 -289.05851 20670
g 1000 -288 11704 7853 -288.993000 35076 -289.06151) 20041
10 1200 -289.13264 44258 -288.99028 39673 -289.06552 0 19160
11| 1400 -289.14343 2060 -288.99373 349150 28906990 18195
12| 160 -289.14928 776 -288.99334 33905 2800722 17R92
13| 180 -289.15093 404 28900002 33534 28907279 17864

14 -289. 15282

Page 12



QM calculations of excited electronic states

RGSUHS Of the E3 Microsoft Excel - pes-smaller.xls
calculations for the |'2) Ee Edt vew Inset Formet Jools Deta Window Help  Adobe POF

: 5 = M-Sk~ 3 [ - SR 3 oA Z
ground electronic ~ [Fedie . R IA DB 8= -2l %
state, the excited 5 1 1 | 4 [ K T T [ ™ | W

Singlet and tr'plet Rotation Energy of bR Smaller Model

i
2

10000 ;
e e s o S BN
B
7
g
3

32000 —#— Ground
—4—Excited Singlet

= 24000 —#—Excited Triplet
=

] 2 16000

12 o

13

14 8000

15

16

-‘IF '] I I I I

15 0 20 40 60 80 100 120 140 160 180
139 Rotation Angle {Degrees)
20




QM calculations of excited electronic states

The bigger model of
retinal

+7| ViewerPro - [br-opt-20.pdb]

5| File Edit Yiew Tooks Modfy Window  Help

o PR R e

Page 14



QM calculations of excited electronic states

Results of the
calculations for the
ground electronic
state, the excited

Microsoft Excel - pes-bigger.xls

E‘_W File Edit Wiew Insert Format Tools  Chart  Wwindow Help  Adobef

. . HRNER" NN RN A N TN - RS AR RN IR R
singlet and triplet Chart Area | = A
Al B | c | D0 [ E T F T 6]
™ Singlet Singlet Triplet

2 Sround Sround Excited Excited Excited Excited
a au crm-1  au -1 au -1

4 0 -405.859254 0 -40577133 26601 -405.840420 11457
5 200 -405.89315 0 -135 -405.77063 0 26754 -405.839110 11724
5] 40 -405.868786 1027 -405.76473 28051 -405.83317 0 13029
7

g

=)

B0 -405.87608 3603 -405.757450 29640 -405.52430 0 14976
80| -40586234 BEZ2S -405.75334 350549 -405.51384 0 17271
100 -405.86181  B744 -405.75933 29235 -405.81613 16770
10 1200 -405.874371 3890 -405.75547 294250 40582407 15040
11| 140 -405.85391 1894 40576477 28041 -405835075 13557
12 160 -405.85117 | 300 40577162 2B635 -405.83537 12545
13| 180 -405B5225 B2 405773300 281700 -405.83627 12349

15 -405.59254

Page 15



QM calculations of excited electronic states

Results of the

E3 Microsoft Excel - pes-bigger.xls

Ca|CU|atI0nS for the @_] File Edit  Wiew Lnser;" Format  Tools Data  Window  Help  Adobe F'DI;J’ ]
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