£ COMPUTATIONAL
%PMif ; CHEMISTRY UNIVERSITY OF ZAGREB FACULTY OF SCIENCE, DEPARTMENT OF CHEMISTRY
~— = am DAY 2025

COMPUTATIONAL INVESTIGATION OF
MEGHANIGAL PROPERTIES OF ORGANI
MOLEGULAR GRYSTALS

TEA FREY, IVAN KODRIN Q




7~ == (EWJR COMPUTATIONAL
PMF; (- a3 CHEMISTRY
s’ N g DAY 2025

Functional
crystalline
materials

~ Artificial
echanosensors




COMPUTATIONAL
CHEMISTRY
am DAY 2025

P
£ i
PMF
S

Plastic

(001) «—§
5 (010)

I
1 mm

(101) «— g

Brittle

i

crystals

Elastic Periodic DFT

(1) e Chemical structure
e Intermolecular interactions fl=—
» Crystal Packing







P N | COMPUTATIONAL
\PMF; [ CHEMISTRY PAGE 3
s N am DAY 2025
K
0UC1 dYSIems '
' , @
l
Form | :
» Elastic ‘
- Analog forms for _ |
bromine (l1a) and |
chlorine (2) I
e e e e e e o l
| | |
I R l
O
| | |
| I O
| ° I
| |
| © R=cl,Br |
l

h_____________

Form Ii

* Brittle
« Second
polymorph form
of bromine (1b)

Sl

Wi
]

S. Saha, G. R. Desiraju, Chem. Commun. 54 (2018.) 6348-6351



i_‘}nﬁ“ “‘Q'ﬁ, P

PMF; [
\ mw‘; X

CHEMISTRY
DAY 2025

Hooke’s law: . Elastic

tensors
I (.le: ZCU‘!\'EE;\'E ,f,j,k'f = X,¥.,2
i I Kl
Tensile stress .
Young modulus ,/ ! Second Order Elastic Constants
\ O- X I a C C (SLC)E(E) i C r €1 7
[~'17] P | 12 13 14 15 167 1
_— rysta 2 21 C22 Ca3 Cpq C25 Cpg) | €2
C y t I I a C - ~ - - ~ €
— anisotropy | 03| | €1 Ca2 C33 Caa C35 C3| | €3
| 4| | Ca1 Caz  Caz Caq Cas  Cag| | 264
6 Os Cs; Csz Cs3 Csq4 Css  Cse| [2€5
\ . . I logd LCs1  Ce2 Co3 Cea Cos Copd L2€4.
Tensile strain I

Complete 3D
overview of
mechanical
properties of a
crystal!




Penodlc IlFT me

Reoptimization
with stronger
convergence
criteria

Calculating SOEC

Optimization of known

b using a fully

automated procedure
« keyword ELASTCON

Calculatmg Interaction
energies between
fragments within unit
cell

crystal structures: tlDllII-—
« DFT method

« PBE-D3 functional c
* pob-TZVP-rev2 basis set
 Default convergence criteria .

Virtual Tensile tests




| COMPUTATIONAL
CHEMISTRY
DAY 2025

.-h‘}ﬂﬁ“u{% '_-_,_o._-.;.-_-_-_-_:;'.-.;.\
: 1 [
PMF:
%@”%m»““ / ?

E1a,1(001) = 13.94G Pa
E5 | (001) = 16.26G Pa

1(001) Q D,
25 - L

20

. \‘/

20

— Ela,i{l[}[}) = 9.98GPa
EE,J_{II]U) = 9.92G Pa

15+

10

5

0+

=10

E(z)/ GPa

§ 15

1(100)

=15 4

-20 4

=25
10

. Fo[m I
b . Brittle
R =Br

E(x) / GPa 10

20 -20

Form |
Elastic
R =CI, Br

Spoj Young modulus (E) / GPa
la (Form 1, R = Br) 13.10

1b (Form Il, R = Br) 16.99
2 (Forml,R=Cl) 15.09

E(z)/ GPa

E(x)/GPa 10

30 =30




o | COMPUTATIONAL
{PMF;} B3 CHEMISTRY PAGE 6
— am DAY 2025
o Virtual tensile tests y
| 2 '
I —a— AE, |
Interaction energies | 140 - A, |
ittt I —— AE, |
Ia | I 1204 \ Wm0 e AE, (harmonic) |
< Xr < Xx < Xr l I AE, (harmonic) |
AL S AR Sg Al Ly _ -1 i .
Ein = —111kJmol I 100 ovsnee AE, (harmonic)| |
C—H-Br ] 1 2 |
C-Br---Br S 804 I
l I E :
=
l al X 504 |
| Ly
= |
| | ! 40 - :
nge@c,)é l | |
¢ 8"}’30050:58 | | 20 -
Pa iy C-H-Br | '
oiaiﬁﬁjo C-Br---Br l ! 2 |
e | | -3.0 -25 -20 -1.5 -1.0 -0.5 0.0 05 10 15 20 25 3.0 |
LIy
oécﬁ 7 o l I AX(A) I
I |
R 1_
: form | - elastic form Il - brittle
E Direction k /K mol & k/k molA"
! a 23.3 172.5
1
'b 567.3 173.9
|
e 34.5 17.4

IGOR KERS




%PMP:} ¢ "‘[ﬁ“'ﬁ
- p—
- —
on the next episode st
EEN —

. Dlscovery and analysis of new
polymorphs

\

le Calculatin g Ram an sp ectra at _
| different points of deformation - ﬁ -L S e ———
\ A __ _,-.m { ‘ I | TN e (o
I I} i N l"'”" o s MU A "[‘l‘m_}ll —— L L L L L L

L] | | L] L] | L] | L] | | L] L] | _
Intensity (a.u.)
=
h | | | | | | | | | | | | | |

0 1000 2000 3000

|
|
I |
I I DCM I I I S B S B S S e .-
100 1 ! b I
| ) S | ' s - e New model System S |
| _ I _ _Il‘._ - | _-_ "‘.I'.‘ _ Mni I| | lql . .'J.:.t..'l \ M , __.._ml R |
80 T T T f T T T T 1
| =2 | 5 10 15 20 25 30 35 40 45 50 I
| % - | 20 (degrees) ‘
= .
C | ] | | | ] [ | ] ] | | ] | | | ] [ | ] ] | | ]
l © I | '
g 40 4 I 4
| X
T |
I ] 1a I
| T VoL B .
I |

wavenumber (cm™)

STIPE BLAZEVIC

L______________

=V




ﬁr@wu% P - '
£ ) N 2

iPMEF: [ 0 e
*, S Gaithiyy  N——

— :

=gy

Special thanks go to:
T“"“K vou Fun e jzv. prof.dr. sc. Ilvan Kodrin
o Stipe Blazevic, bacc.chem.
I.ISTE“I“G' * Ilgor Kers, bacc.chem.
|

CONTACT:
tfrey@chem.pmf.hr
University of Zagreb
Department of Chemistry
Faculty of Science
Horvatovac 102a,10000
Zagreb



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10

