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Podstawy teoretyczne i mozliwosci
aplikacyjne kwantowej teorii
atomow w czasteczkach - QTAIM
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wstep

e Chemia klasyczna
molekuta = atomy + wigzania

e Chemia kwantowa
molekuta = jadro atomowe + elektrony

o QTAIM taczy oba podejscia
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wstep

e Funkcja falowa

wielowymiarowa, trudna do wizualizacji i
interpretacji

e gestosc¢ elektronowa

p(r)= NZ(IerIdr3 ...J‘der//*y/)

ns

tatwa do wizualizacji, intuicyjna interpretacja,
uzyskiwana z funkcji falowej (bez straty
informacji) lub bezposrednio z eksperymentu
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gradient paths
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punkty krytyczne

Aby scharakteryzowac pole skalarne gestosci elektronowej
podajemy liczbe i rodzaj zwiqzanych z nim punktow krytycznych
czyli takich w ktorych gradient gestosci elektronowej rowny jest
zeru.

Vp(r):i§+j§+kz Vp=0

Informacji o charakterze tych punktow dostarcza nam druga
pochodna.

azp azp azp 82p 0 0
ox* 0Oxdy 0xdz ox?> ) A 0 0
A)=| OP 9P P A=l 0 2P —{o A, o}
| dyox dy® dyoz dy’
d’p d’'p d'p 0 0 2p| \O 0 A
0z0x 0zdy 9z° 9z
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punkty krytyczne

Charakteryzujac poszczegolne punkty krytyczne uzywamy pary

liczb (r,s); pierwsza - r - rzad (rank) - mowi o ilosci niezerowych

wartosci A., a druga - s - sygnatura (signature) - jest suma

znakow.
«(3,-3) - lokalne maksimum, maksimum gestosci elektronowej wzdtuz wszystkich osi
wyznaczonych w procesie diagonalizacji drugich pochodnych, sa to najczesciej punkty w
ktorych znajduja sie jadra atomowe - N(NA) ((non) nuclear attractor),

«(3,-1) - lokalny punkt siodtowy, minimum gestosci elektronowej wzdtuz jednej osi,
maksimum wzdtuz pozostatych - BCP (bond critical point), w teorii AIM jego wystepowanie
jest warunkiem istnienia wigzania chemicznego,

«(3,1) - lokalny punkt siodtowy, maksimum gestosci wzdtuz jednej osi i minimum dla
pozostatych - RCP (ring critical point),

«(3,3) - lokalne minimum, minima gestosci elektronowej wzdtuz wszystkich osi - CCP (cage
critical point),
« (0,0) - punkt krytyczny w nieskonczonosci
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punkty krytyczne

fring line

|RCP

BCP

- (351)
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punkty krytyczne

Ilos¢ punktow krytycznych dla danego uktadu nie jest dowolna i okresla jq
reguta Poincarego-Hopfa:

(N(NA) — BCP + RCP — CCP = 1

Wiasciwosci punktow krytycznych:

- gestosc¢ elektronowa w punkcie krytycznym o(r)

. s e 2 2
- laplasjan gestosci V P =4, + 4, + 4, J oo o
ox 35 A 0 0
A A=| 0 o 0 |=|0 4, 0
/12 0z

-eliptycznos$é¢ & (ellipticity) -asymetria rozktadu p w ptaszczyznie prostopadte;
do sciezki wigzania w BCP
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punkty krytyczne

Wiasciwosci punktow krytycznych:

- gestosé energii kinetycznej G(r)

-gestosc¢ energii potencjalnej V(r)

f V2 p(r)=2G(r)+ V(r)
4m

-lokalna gestos¢ energii catkowitej H(r)

H(r)= G(r)+ V(r)
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graf molekularny
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Interatomic surface (I1AS)

( Vo(r) n(r)=0

Zero-flux surface
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Interatomic surface (I1AS)

H20"'H20
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Interatomic surface (I1AS)

UWAGA:

Jest nieskonczona ilosc IAS
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Interatomic surface (I1AS)

Rysunek 1.  Topologia gestosci elektronowej czasteczki glicyny. Na rysunku uwzgledniono miedzyatomowe
powierzchnie graniczne w przestrzeni czasteczki [4]. Rysunek wykonany przy pomocy programu
MORPHY98

Zastosowanie topologicznej analizy gestosci elektronowej do opisu oddziatywan niekowalencyjnych, B.
Bankiewicz, A. Rybarczyk-Pirek, M. Matecka, M. Domagata, M. Palusiak, Wiadomosci Chemiczne 2014,
68,5-6
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Atoms in Molecules
Wreszcie atom

Atom = nuclear atractor + wszystkie gradient paths, ktére sie na nim
konczg ograniczony przez zero-flux surface
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Wreszcie atom

N(Q) =j pdr.  populacja elektronowa 2(Q) = (Zg — N(@)e. tadunek
0

M@Q) = —e j rep(Mde. @atomowy moment dipolowy

A(A) = —f (2T (ry, 1) — p(ry) p(ry))drydr,  Indeks lokalizacji
A

5(4,B) =—-2| @2I(ry,1r) — p(ry) p(ry))dr dr, Indeks delokalizacji
AB

Number of electrons N
Laplacian of atom

Lagrangian kinetic energy

G(A
Hamiltonian kinetic energy K(A) = [odxK(x) = [ dx ((h?/2m)N [dt' ¥ - V2y* + V24 - )
Virial field VA) = [odx(=x-V . .oX) + V- (x-0(x)))

Energy of atom

Total integrated volume (0.001 au isosurface)
Total integrated volume (0.002 au isosurface)
Electron density over integrated volume (0.001 au isosurface)
Electron density over integrated volume (0.002 au isosurface)

VOL1(A) = [dx (1, if p(x) = 0.001, else 0)
VOLo(A) = [odx (1, if p(x) = 0.002, else 0)
NVOL; (A) = [ dx (o(x), if p(x) = 0.001, else 0)
NVOL2(A) = [ dx (p(x), if p(x) = 0.002, else 0)

— —
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Wreszcie atom

TABLE I

AlM2000

Definitions of Atomic Properties for Basin Integration.

Name of Atomic Property

Definition of Property for Atom A with Basin 02

Number of electrons

Laplacian of atom

Lagrangian kinetic energy
Hamiltonian kinetic energy

Virial field

Energy of atom

Missing information

Atomic average of 1/

Atomic average of

Atomic average of 2

Atomic average of i#

Atomic average of Vo - Xirg

Atomic average of Vp . x

Atomic average of Vo X ra

Aomic average of ¥ - x. %
Electric dipole (x)

Electric dipole ()

Electric dipole (2)

Attraction of density A by nucleus A
Attraction of density A by nucleus A (corr.)
Attraction of density A by all nuclei
Attraction of density A by all nuclei {corr.)

Electron—electron repulsion contribution
to energy of atom A

Electron-electron repulsion contribution

to energy of atom A (corr)
Potential energy of repulsion (corr)
Total potential eneray of atom
Atomic quadrupole (o)
Atomic quadrupole (xy)
Atomic quadrupcle (z)
Atomic quadrupole (yy)
Atomic quadrupole (yz)
Atomic quadrupcle (zz)
Force exerted on nucleus A by density of A (x)
Force exerted on nucleus A by density of A (y)
Force exerted on nucleus A by density of A (z)
Force exerted on all other nuclei by density of A (x)
Force exerted on all other nuclei by density of A (v)
Force exerted on all other nuclel by density of 4 (z)

Ni&) = f X p(x) = foax(N fdr i)
LUA) = fpdxlix) = [ 0oxi—372p)
GlA) = [ dxG(xX) = [ X ((DP/2m)N fdr’ Tir* - ¥y
KUA) = jo axKX) = fo e ((Z2mN [ de’ v - T2t 4+ V240 . o)
VIA) = fo i (X V-0 (X) + V- (x- o (x)))
ElA) = fot (K(x) - (1 - A))
104) = [ % (~(iN) - In{oiN))
R_q(4) = o dx (plta)
Ry(A) = fp ox{e - 1a)
RalA) = fpdx (o -3)
Rald) = fpaxie-i})
GR_1[4) = fio X (Vo - X/ra)
GRo(A) = Jiy 0% (Vo -X)
GRy(A) = fo OX(Vp X -fa)
GRalA] = jp X (Vo - x-15)

My (A
My(A)) = Jpdxip da)
Mz (4)

VI (4) = fi, dX (—Zap(X)ira)

Vel () = 2 )
VoalA) = foy O [~ X5 Zap ()1}

VCna () = 20y 14)
VeoA) = fip 0X Voo ()
VCas(A) = 250 (4)

Vrep(A) = 2E(A) — VCns(4)
Viot(A) = VCns(A) + Vrap (4)

(Ont»ﬂ) CigrlA) OxzfAJ)

QnylA) Q) QualA)
Oxzlf) Qpeld) Qz(A)
= fndx(=3p dy - df +p.d}-dy E)

Flf)
(FAY(A) = Jo®x(p Zs-dairl)
Fazld)

Fay(4)
Fayld) | = jpdx (Tap - Z - dgirg)
Fa(4)

JOURNAL OF COMPUTATIONAL CHEMISTRY
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TABLE I.

{Continued)

Name of Atomic Property

Definition of Property for Atom A with Basin £2

Total integrated volume (0.001 au isosurface)

Total integrated volume (0.002 au isosurface)

Electron density over integrated volume (0.001 au isosurface)
Electron density over integrated volume (0.002 au isosurface)
Basin virial

Surface virial

Ehrenfest force (x)

Ehrenfest force {y)

Ehrenfest force (z)

WVOLy (4) = }ho’xﬁ. if p(x) = 0.001, else 0}
VOLs ) = [y dx (1, if pix) 2 0.002, else 0)
NVOL4(4) = g dx (o (x), if o(x) = 0.001, else 0)
NVOLp(4) = }s-x ax (p(x), it p(x) = 0.002, else 0)
Viag i) = [dx(—x- V.o fx))
Vaurr(4) = —2K(A) — Vaas(4)

EFA)
EF ) | = fpax (-7 o)
EF:(A)

TABLE Il.

Definition of Properties for Surface Integration.

Name of Surface Property

Definition of Property for Surface S between
Atoms A and B

Surface integral of electron density

Surface integral of Laplacian density
Lagrangian kinetic energy

Hamittonian kinetic energy

Surface integral of Ve - n(x)

Hypenvirial gradient {n = —1), atom A
Hypenvirial gradient {n = —1), atom B
Hypendrial gradient (n = 0), atom A
Hypenirial gradient (n = 0), atom B
Hypenirial gradient (n = 1), atom A
Hypenirial gradient (n = 1), atom B
Hypenrvirial gradient (n = 2), atom A
Hypenvirial gradient {n = 2), atom B
Hypenvirial gradient (n = —1), total
Hypenvirial gradient {n = 0), total

Hyperirial gradient (n = 1), total

Hypenvirial gradient {n = 2), total

Wirial of force exerted on surface of A

Virial of force exerted on surface of B

Total virial of force exerted on surface

Total force exerted on electrons of atom A ()
Total force exerted on electrons of atom A i)
Total force exerted on electrons of atom A (2)
Gradient of force exerted on electrons of atom A
Total integrated area (0.001 au isosurface)

N(S) = f5x (%)
L(S) = jzoxLix)
G(8) = J5 X GIx)
KI(S) = 5 dxKx)

GRN(S) = f30X (V- n(x)
VR_y (S) = [5 % (pd] - nix)ira)
VA_1g(8) = [50% (—pdg - nix)irg)

VRga(8) =[5 (pd] - nix))
VR a(8) = [5 X (—pdf - nx)
VR, 4(8) = [5aix (pd - nixire)
V1 g(S) =[5 tf (—pdf - n(xirs)
VR 4(8) = [seix (pel} - n(x)rg)
VAa(S) = [ dx (—pdg - nixirg)
VA4 =VR_y s +VA_18
VA = VAo + VAng
VRy = VR4 4+ VR4
VRg =VAz 4 + VAzg
Va(S) = J5tx (~d} - o -n(x)
Vig(8) = [z ix (dF - & - nix))
VIS) = Va(S) + Va($)

SGNL(S)

SGN(S) | = J; 0% (- -nix)

SGNz(S)

SGN(S) = fzdx(divia) - n{x))
AREA(S) = fsdx (1, if p = 0.001, else 0)

550
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Edited by Chérif F. Matta $WILEY-YCH
and Russell |. Boyd

The Quantum Theory
of Atoms in Molecules

S T ined from regearch into atoms in
over the last ro years into a unigjue, handy reference
hout, the anthors address audience, such that this valume
equally be used as a textbook without compromising its research-
ec character. Clearly structured, the rext begins with advances in
theary Lefore moving on to fheoretical sindies of chemical bonding and
reactivity, There follow separate sections on solid state and surfices as
well as expenimental electron densilies, before finighing wath applications
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Basis Set and Method Dependence in AIM Calculations

AR perameiers v, P set for FoCH._NH, complen

I Phys. Chem. A, Vol. 114, No. 5, 20010 1241

ATM parameters vs. BILY Phasis set for FyCHL N, compies

vJD:N_'H ?‘:m
acE) BCFY
oss | e VRCE) % o VIBCP 1
GECF) X -\ THBCEY
D4 [ i ECP W 004 HIECP) b
§ omf i 008 E
% e b 3 i 9
08 | ool 4
Y g S B A DS DR OSSR I | B B W O u
o e ® P " a0l * \. o
e 1z % 4 4 & T £ % W0 T 3 4 % & 1 @ 0
basks s s set
AIM parameiers v HFbasls set for FyCH.  NCH complar AIM paremeters vs. BILYPfbass set for FyCH._NCH complex
006 e 06 ?;:"':‘"
" 1 24 i 4 BCF) a BCFY
2240 J. Phys. Chem. A 2010, 114, 2240-2244 s | Lo 0o et 1
GERCE) GIBCPY
ol & O HEBER) . * HIBCRY H
Basis Set and Method Dependence in Atoms in Molecules Calculations E ol ; E aal — i
. et . s o b i
Miroslaw Jablonski®' and Marcin Palusiak® ] H
Department of Quantum Chenustry, Nicolaus Copernicus University, PL-87 100 Torun, Poland, and i . ]
Department of Crystallography and Crystal Chemistry, University of LédZ, PL-90 236 LadZ, Poland oWy g8 a LES e B e e L
¥ #* e 3 3 " . L
o | - 1
a 1 H 3 a 3 L] ¥ % L] L] 2 i 4 L] L P L] "
basis s set
AR parameters vs. HFhasds set for FOCH . NH, comples AIM pararneters v, BOLYPMast st for FOCH..NH, comples.
i s
PBCF) DB
At e i s — * Ve on ]
b i BBCF) GIBCR)
oo - WECF) W and b u; HIBCEy q
E omp E i 1
é "l 3"
el a0l -
o 8 5 @u 8- -8 8 g o o -8 . g " 5 @m o
0 * * * - 0ol - * e
0 1z 3% 4 4 & 1T % 9 W0 T 1 4 % & 1 8 [Tl
basks s s set

Figure 1. Values of chosen AIM paraneters depending on a basis set (horizontal axis) and method (HF on the left-hand side, DFT/BSLYP on the
right-hand side) for weak H-bonded complexes: FiCH=««NH; {upper row), FyCH ==« NCH (central row), and FOCH=«-INH; {lower row). Basis sets
are given numerical values: (0) 6-314++Gid.p), (1) 6-31 14++Gid.p), (2 63 L1++G(2df.2pd), (3) 63 11++G{3dE3pd), (4) copVDZ, (5) ang-ce-
pWDZ, (6) ce-pVTE, (7) ang-ce-pVTZ, (8) d-aung-ce-pVTE, (9 co-pVOEL with g-functions removed, (107 ang-co-pVOZ with g-functions removed.
Points have been connected for a better visualization of results.
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2360 Tnorg. Chem. 2000, 39, 2360—2348

Experimental Electron Density Analvsis of Mnz(CO)yg: Metal—Metal and Metal—Ligand

Bond Characterization

Riccardo Bianchi,’ Giuliana Gervasio,*7 and Domenica Marabello?
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_| Yoeu o=l L o L | Wood
v W 3, o W Gow [V Goe [V G, = [V o,z W)

| E,=xn F, =i K, =8 o Y £,e B

; E i 0 El s B Fl =t
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Hydrogen Bonding—New
Insights

Edited by

SEAWOMIR J. GRABOWSKI

Department of Physics and Chemistry
University of Lodz
Poland

CHAPTER 9

HYDROGEN-HYDROGEN BONDING:

THE NON-ELECTROSTATIC LIMIT OF
CLOSED-SHELL INTERACTION BETWEEN
TWO HYDROGEN ATOMS.

A CRITICAL REVIEW

CHERIF F. MATTA

pp low

8(A, B) low

v2pp> 0

Shared Covalent
interactions bonding
pp high
&A, B) high
Polar-covalent
bonding
Dative
bonding
Closed-shell Metallic
interactions bonding

lonic bonding

Hydrogen
bonding and
van der Waals
bonding

Vb << U
Gp << |V}
Hb << 0
V2Pb> 0

Vb << 0

Gp << | V4l

Hp<<0

V2P, can be of
either sign

Vb<0
Gp = |Vi|
Hb<0

Vb<0
Gp = | Vil
Hb<0
|Hyl =0

Vb<0
Gp = | Vil
Hb>0
|Hyl =0

Vb<0
Gp = Vi

Hp, > 0 (but can also
be negative)

|Hy =0

Increasing
G |Vi|. |Hel
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Rozas |, Alkorta |, Elguero J. JAm.Chem.Soc. 2000, 122, 11154.
S.J.Grabowski, W.A.Sokalski, E.Dyguda, J.Leszczynski, J.Phys.Chem. B 2006,

110, 6444.
S . = 1 = d ° 1
COVALENT PARTIALLY COVALENT
vp.<0 and H <0 Vh.>0 and H,<0
4 ’j-. .j /j £ '* =
[F..H..F]~ 4L ‘9 % .
b. ‘) (HCOOH), |

[ NONCOVALENT
V. >0 and H.> 0
o

,.“/i .’f -

s (HO), N
| L | i l i | I ﬁl 3 I | ‘: *

1 12 14 16 18 2 22 24 26
H-bond proton-acceptor distance (A)

delocalization/electrostatic term ratio
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J. Phys. Chem. 1995, 99, 9747—9754 9747

Characterization of C—H—O Hydrogen Bonds on the Basis of the Charge Density

U. Koch and P. L. A. Popelier*

prawidlowy wzorzec topologiczny (tj. istnienie punktu krytycznego wigza-

1

nia' oraz $ciezki wigzania),

odpowiednia warto§é gestosci elektronowej [p(r)] w punkcie krytycznym
wiazania (0,002 — 0,034 j.at.)

}

odpowiednia warto$¢ Laplasjanu [VZp(r)| w punkcie krytycznym wigzania
(0,024 — 0,139 j.at.),

wzajemne przenikanie sie atomow H i Y,
zmiana warto$ci tadunku na atomie wodoru,
destabilizacja energii wodoru,

spadek polaryzacji dipolowej,

zmniejszenie objetosci atomowej wodoru.
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sEVIER Chemical Physics Letters 285 (1998) 170—173

200_' T T 1 1 ) 1 I Ll 1 )
150 iHydrogen bond strengths revealed by topological analyses of
- : experimentally observed electron densities
50 E. Espinosa **, E. Molins %, C. Lecomte °
g o
2
z 7 any statistically significant change. Therefore. a pro-
2 1004 portionality can be proposed between the HB energy
5 (Egg = —D,) and V(rgp):
-150 -
: 1 -
] Eyg =3V(rcp). (3)
-200 3
: ] the proportionality factor being in volume atomic
e I 3 units. This equation points to a positive correlation

T80 P W N SR S . e between both energetic properties.
14 16 18 20 22 24 26 28 3.0 32 =

d(H...0) (A)
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CAHB:
(FHF), H,0---H;0%, H;0*--HCN, H;0*--OH", NH;---NH,*

XH---Tt:
CHc--HF, CcHc-HCCH, C,H,---HF, C,H,---HF, C,H,---HF, (C,H,), (T-shaped dimer),
C,H,--C,H,, C,H,--C,H,, CHc-CH,, C,H,---CHCI;, C,H,---CH, and C,H,---CHCI;

CH--'Y:
F;CH---NCCHj;, H3CH---NCCH;, HCCH---NCCHj;, F3CH---OCH,, H;CH---OCH,, HCCH---OCH,,
H;CH---SH,, HCCH---SH,, HCCH---S(CH,)s.

XH---Y:
(C¢HsCOOH),, (CH;COOH),, (HCOOH),, (HCONH),, (HCSNH),, (H,0), (trans-linear
dimer), H,O---HF, H,CO---HF

S. Grabowski, P. Lipkowski, Characteristics of X-H---r interactions: Ab
initio and QTAIM studies , J. Phys. Chem. A 115 (18), 4765-4773 (2011)
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¢ 2
|Veepl/Geep>2 = VZppep < 0
wigzanie kowalencyjne
4
2
* 2<[Vgcpl/Ggep>1 — V2pgep > 01 Hgep < 0
< Jpartially covalent” ¢ CAHB
= g mXH---Y
XH:--pi
®CH---Y
1 1 ] |
|
" o9 .. o
Vacel/Geep<! = Vpgep > 01 Hggp > 0
zamnietopowtokowe oddziatywania
0

1,1

1,6 2,1 2,6 3,1 3,6
odlegtos¢ proton-akceptor [A]
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-10 -

-20 1 + CAHB (EDS)
mXH---Y (EDS)

30 XH---pi (EDS)
®CH---Y (EDS)

O CAHB (SAPT)

OXH---Y (SAPT)
XH---pi (SAPT)

OCH---Y (SAPT)

40 - R? = 0,8937

NH,---NH,"
-50

energia oddziatywania [kcal/mol]

R?z =0,9113

-60

<o

-70
gestosc¢ elektronowa w HBCP [au]
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Z. Czyznikowska, R. W. Gora, R. Zalesny, P. Lipkowski, K. Jarzembska, P. Dominiak,
J. Leszczynski, Structural variability and the nature of intermolecular interactions
in Watson-Crick B-DNA base pairs, J. Phys. Chem. B 114 9629-9644 (2010)

el =

EZhear Btretch Stagger
-
| =
Buckle Propeller Cpening

G-C 0d -6.7 do -24.0 kcal/mol  A-T od -4.3 do -12.4 kcal/mol
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BCP Rri.c p(reep) V?p(reep) V(rsep) G(rscp) H(rpep) €(rpep)
Ti1...C; 2.069 0.096 0.283 -0.126 0.098 -0.028 0.000
Ti...Co_y 2.087 0.089 0.294 -0.120 0.097 -0.023 0.719

On the electronic structure, bonding, spectra, and

=

——————— % linear and nonlinear electric properties of Ti@Cg

Barttomiej Skwara,” Robert W. Géra, T Robert Zalesny,” Pawet Lipkowski, '

Wojciech Bartkowiak, T Heribert Reis,* Manthos G. Papadopoulos,** Josep M.

Luis,Y and Bernard Kirtman*$
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2,90

2,80 -

240+

2|3 i [ i i i i i
8,(]1 0,02 0,02 0,03 0,03
Pree (ch)

Fig. 5 Correlations between hydrogen bond length (d(ON), A) and
electron density at chelate chain critical points (pgep(ch), a.u.)

A. Martyniak, P. Lipkowski, N. Boens, A. Filarowski, J. Mol. Model., 2012, 18, 257-263.
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WFN, WFNX

Gaussian
out=wfn (out=wfx) density=current 6D 10F

MP2(full)

Gamess

$CTRL AIMPAC=.TRUE. ISPHER=-1
$MP2  MP2PRP=.TRUE.

Z pliku *.dat musimy wycig¢ wszystko ponizej
————— TOP OF INPUT FILE FOR BADER'S AIMPAC PROGRAM -----
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AIMPAC

http://www.chemistry.mcmaster.ca/aimpac/imagemap/imagemap.htm

»CALCULATION OF THE AVERAGE PROPERTIES OF ATOMS IN MOLECULES.";

F.W. Biegler Konig, R.F.W. Bader, T. Tang; Journal of Computational Chemistry;
Volume 13 (No. 2); 1982

+ -
program darmowy brak interfejsu
graficznego

LINUX
50 atomow,
100 orbitali

ext94b — lokalizacja punktéw krytycznych 500 prymitywnych g.
proaimv — catkowanie po basenach

atomowych L ,
Y szybkosc dziatania
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AIM2000

http://www.aim2000.de/

Biegler-Konig, F; Schonbohm, J.; Bayles, D; AIM2000 - A Program to Analyze and Visualize Atoms
in Molecules, J. Comp. Chem. 2001, 22, 545-559.

+ -
interfejs graficzny szybkosc
mozliwosc generowania rysunkow ktopoty z lokalizacjg CP

problemy z przenoszeniem danych
kiepskiej jakosci rysunki
ograniczenie do funkcji f

uboga dokumentacja

nie wspiera ECP
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AIMALL

http://aim.tkgristmill.com/

AIMALL (Version 11.06.19), Todd A. Keith, TK Gristmill Software, Overland Park KS USA,
2011 (aim.tkgristmill.com)

-+ -

same cena (3008)



