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Abstract

This thesis presents the design and implementation of a software solution that automates
the calculation of Boltzmann populations for molecular systems. The aim of this project
is to simplify the computational workflow used in molecular spectroscopy and quantum
chemistry, by developing a user-friendly application that can process Gaussian output
files and compute the populations of energy levels based on temperature.

The application combines principles from molecular physics and computational
chemistry with modern programming practices in Python. Using output data from
quantum chemistry simulations (performed using Gaussian), the software calculates the
Boltzmann distribution over electronic or vibrational states of molecules. It enables
researchers to visualize the distribution graphically and to analyze population ratios in
thermally excited systems.

The system is structured modularly with a clean interface, separating back-end logic, file
handling, and user interface, and was developed using libraries such as matplotlib,
numpy, and customtkinter. The software was validated through case studies involving
known molecules and showed excellent correlation with theoretical expectations.

This automation represents a valuable tool for both educational and research purposes,
providing accurate and fast calculations in a field where manual computation would be
inefficient or prone to error.
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Rezumat

Aceastd lucrare de licenta prezintd proiectarea si implementarea unei aplicatii software
pentru automatizarea calculului populatiilor Boltzmann pentru sisteme moleculare. Scopul
proiectului este de a simplifica fluxul de lucru din spectroscopia moleculara si chimia
cuanticd, prin dezvoltarea unei aplicatii intuitive care poate procesa fisierele de iesire din
Gaussian si calcula populatiile Boltzmann ale conformerilor moleculari in functie de
temperatura.

Aplicatia Tmbind concepte din fizica moleculard si chimia computationald cu practici
moderne de programare in Python. Folosind datele obtinute din simuldri cuantice
(Gaussian), software-ul calculeazd distributia Boltzmann pe starile electronice sau
vibrationale ale moleculelor. Utilizatorul poate vizualiza grafic distributia si analiza
rapoartele populationale in functie de temperatura aleasa.

Sistemul este dezvoltat modular, cu o separare clard Intre logica, interfata grafica si
manipularea fisierelor, utilizdnd biblioteci precum matplotlib, numpy si customtkinter.
Aplicatia a fost validata prin studii de caz pe molecule cunoscute, demonstrand o
concordantd excelenta cu asteptdarile teoretice.

Aceastd automatizare se dovedeste un instrument valoros atat pentru scopuri educationale,
cat si pentru cercetare, oferind calcule rapide si precise Intr-un domeniu unde metodele
manuale sunt ineficiente sau predispuse la erori.
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Introducere

Distributia Boltzmann joacad un rol fundamental in intelegerea comportamentului
sistemelor moleculare aflate in echilibru termodinamic. Aceasta ofera o metoda eleganta
de a determina modul in care populatiile conformerilor moleculare sunt distribuite intre
diferitele stari de energie, In functie de temperatura. Aceasta relatie are implicatii directe n
spectroscopie, chimie cuantica, fizicd moleculara si chiar biologie structurala [Atk21].

In mod traditional, calculul populatiilor Boltzmann presupune accesul la energii relative
ale starilor moleculare, urmat de aplicarea formulelor statistice. De cele mai multe ori,
aceste energii sunt obtinute din simuldri cuantice complexe efectuate cu ajutorul unor
programe precum Gaussian [Gaul6]. Prelucrarea manuald a fisierelor de iesire din aceste
simuldri este insd un proces laborios si predispus la erori.

In acest context, automatizarea calculelor Boltzmann devine esentiali, mai ales in
laboratoare unde se analizeazd un numar mare de molecule sau se testeaza variatia
populatiilor in functie de temperatura. Prin intermediul unei aplicatii software dedicate,
acest proces poate fi simplificat considerabil, oferind utilizatorului atat viteza de analiza
cat si o interfatad grafica intuitiva.

Lucrarea de fata isi propune dezvoltarea si validarea unei aplicatii Python care permite
extragerea automatd a nivelurilor de energie din fisierele de iesire Gaussian si calculul
populatiilor Boltzmann corespunzatoare. Proiectul aduce Tmpreuna concepte teoretice din
fizica moleculard si abordari moderne de programare, rezultdnd intr-un instrument
didactic si de cercetare valoros.

Structura lucrarii reflecta parcursul dezvoltarii aplicatiei: de la fundamentele teoretice ale
distributiei Boltzmann si detalii computationale legate de metodele de simulare, pana la
implementarea practica a solutiei software si analiza unor studii de caz relevante.

Populatiile Boltzmann sunt extrem de utile pentru interpretarea proprietatilor
spectroscopice atunci cand in proba analizata existd un amestec de conformeri si/sau
tautomeri moleculari. Raspunsul spectroscopic este afectat de neomogenitatea probei
analizate si interpretarea corectd a acestuia depinde de proprietatile componentelor
individuale si de contributia fiecarei componente [Li19, Yan08].
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1. Calculul populatiei Boltzmann

1.1 Istoric $i fundamente

Distributia Boltzmann a fost formulatd in secolul al XIX-lea de Ludwig Boltzmann, in
cadrul dezvoltarii mecanicii statistice. Ea ofera o punte intre nivelul microscopic — descris
prin starile cuantice ale particulelor [Atk21] — si proprietdtile macroscopice observabile
ale sistemelor, precum presiunea sau temperatura.

Conceptul central este acela cd la o anumitd temperaturd T, moleculele unui sistem nu
ocupd doar starea fundamentald, ci sunt distribuite intre toate starile accesibile, cu o
probabilitate care scade exponential cu energia starii. Aceastd distributie reflectd
echilibrul dintre tendinta naturala a moleculelor de a ocupa stari joase de energie si
agitatia termica.

1.2 Fundamente teoretice ale distributie Boltzmann

Distributia Boltzmann este una dintre cele mai importante relatii in termodinamica si
mecanicd statisticd, descriind probabilitatea de ocupare a unei stari energetice de catre o
particuld (sau un sistem) aflat in echilibru termic. In contextul fizicii moleculare, aceast
distributie explicd modul in care moleculele sunt impartite intre stari fundamentale si stari
excitate in functie de temperatura.

Formula distributiei Boltzmann este data de [McQO00]:

-E /k,T

e
Pi— ~

unde:

- Pl, este probabilitatea ca o molecula sa se afle in starea i,
-E  este energia starii 1,
-k 5 este constanta lui Boltzmann,

- T este temperatura absoluta,
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- Z este functia de particitie (partition function), care asigura normalizarea:
" —E/k,T
Z = e
=1

2

Functia de particitie are un rol esential in determinarea proprietatilor termodinamice

macroscopice ale unui sistem, cum ar fi energia interna, entropia si capacitatea termica.

1.3 Aplicatii ale distributiei Boltzmann

Distributia Boltzmann este esentiala in domenii precum:

- Spectroscopia vibrationala si electronica: determinarea intensitatii relative a benzilor de
absorbtie sau emisie;

- Cinética chimica: evaluarea fractiunii de molecule cu energie suficientd pentru a
reactiona;

- Fizica plasmei si astrofizica: calculul populatiilor nivelurilor energetice in stele sau
nebuloase;

- Biofizica: studiul populatiei conformatiilor moleculare in functie de temperatura
mediului.

1.4 Limitari Si ipoteze

Distributia Boltzmann se aplica in sistemele:

- aflate in echilibru termic;

- rarefiate (interactiuni slabe Intre particule);

- unde se poate considera ca energia fiecdrei stari este bine definita si distincta.

Ea nu se aplica direct in sistemele cu interactiuni puternice sau in afara echilibrului,
cazuri in care trebuie folosite alte distributii statistice (ex. distributia Fermi-Dirac sau

Bose-Einstein).

In contextul acestei lucriri, distributia Boltzmann este utilizata pentru a calcula populatia
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relativa a stérilor energetice obtinute din simulari cuantice [Lev05]. Aceste populatii sunt
apoi reprezentate grafic si utilizate in analiza comportamentului termic al moleculelor.

1.5 Exemple aplicate

Un exemplu comun de aplicare este in spectroscopia vibrationald: la temperaturi joase,
majoritatea moleculelor se gasesc in starea vibrationald fundamentald (v = 0), dar la
temperaturi ridicate, devin populate si stdrile excitate (v = 1, v = 2 etc.), influentand
forma si intensitatea benzilor spectrale.

Un alt exemplu este distributia populatiilor pe nivelele electronice ale ionilor metalici in
stele, de unde se pot deduce temperaturile plasmei pe baza intensitatilor liniilor spectrale
(legea Boltzmann aplicata in astrofizica).

1.7 Interpretare statistica

Distributia Boltzmann reflecta probabilitatea relativa ca o molecula aleatoare sa ocupe o
stare anume. Ea nu determind pozitia sau energia exactd a unei molecule, ci doar tendinta
sistemului Tn ansamblu. Aceastd abordare statisticd devine esentiald cand lucram cu un
numar foarte mare de particule, tipic in chimie si fizica moleculara.

De asemenea, contributia fiecarei stari la proprietdtile termodinamice depinde nu doar de
energia acesteia, ci si de degenerescentd. Starile cu energii mai ridicate, dar cu
degenerescenta mare, pot avea o populatie semnificativa.

1.8 Relevanta in automatizare

Automatizarea calculului distributiei Boltzmann presupune extragerea valorilor E isig i1
din date cuantice (ex. fisiere Gaussian), aplicarea formulei, si obtinerea populatiilor
pentru o gamd de temperaturi. Acest lucru este important deoarece in mod obisnuit sunt
implicate zeci sau sute de stari, iar calculul manual devine imposibil de sustinut.

Aplicatia propusa in aceastd lucrare gestioneazd aceste etape in mod automat, oferind o
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interfatd prietenoasa utilizatorului si rezultate prezentate sub forma grafica. Ea permite
analiza imediata a efectului temperaturii asupra distributiei populationale, fiind utild atit
in cercetare, cat si in educatie.
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2. Detalii computationale si descrierea aplicatiei

In acest capitol sunt descrise detaliile computationale si aspectele tehnice ale aplicatiei
dezvoltate pentru automatizarea calculului populatiei Boltzmann. Aplicatia a fost
conceputa pentru a procesa fisierele de iesire obtinute in urma simuldrilor cu Gaussian, din
care se extrage automat nivelurile energetice pentru calcul si structura moleculara pentru a
o0 inspecta.

2.1: Structura aplicatiei

Aplicatia este dezvoltata in limbajul Python [PytDoc] si organizata in module separate:

- App/ : contine interfata grafica utilizator realizatd cu ajutorul bibliotecii
customtkinter;

- Backend/ : contine logica de calcul si de procesare a fisierilor de iesire Gaussian;

- main.py : initializeaza aplicatia

- mac.command: porneste aplicatia pentru calculatoarele cu sistem de operare
MacOS;

- windows.bat: porneste aplicatia pentru calculatoarele cu sistem de operare
Windows

Aceasta structura oferd claritate si usurinta in intretinere si extindere.

2.2: Tehnologii utilizate

Aplicatia utilizeaza urmatoarele biblioteci:

- numpy: pentru calcule matematice [Nump]

- matplotlib: pentru generarea graficelor si inspectarea moleculei [Matp]

- customtkinter: pentru generarea interfatei grafice utilizator [CustTk]

- re: pentru procesarea textului si extragerea datelor relevante din fisierele .log
- os: pentru extragerea continutului directivelor

Aplicatia este portabila si poate fi rulata pe orice sistem care are instalat Python 3.10+.
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2.3: Interactiunea cu utilizatorul

Interfata grafica este conceputa intuitiv cu ecrane dedicate pentru:

selectarea fisierelor de input

- configurarea listei de fisiere de input

- vizualizarea structurii moleculei

- analiza nivelurilor energetice

- afisarea rezultatelor calculului populatiilor Boltzmann

Utilizatorul poate comuta rapid intre diferite module, fara a necesita cunostinte de
programare sau operare complexa.

2.4: Consideratii privind performanta

Algoritmii sunt optimizati pentru procesarea rapida a fisierelor de mari dimensiuni,
folosind expresii regulate si parsare secventiald. De asemenea, aplicatia gestioneaza
erorile de citire sau datele incomplete prin afisarea mesajelor in terminal fara a inchide
aplicatia.

Performanta a fost validata folosind fisierele de iesire Gaussian continand zeci de mii de
linii de informatie, fara intarzieri perceptibile in timpul executiei.
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3. Implementarea si functionalitatile aplicatiei

Acest capitol detaliazd implementarea efectivd a aplicatiei pentru automatizarea

calculului populatiei Boltzmann, prezentdnd organizarea codului, clasele principale si

fluxul logic de executie.

3.1: Interpretarea energiilor din figierele Gaussian

In fisierile .log, datele referitoare la energii se afld in urmatoarele secvente:

Zero-point correction= 0.183820 (Hartree/Particle)
Thermal correction to Energy= 0.194828

Thermal correction to Enthalpy= 0.195772

Thermal correction to Gibbs Free Energy= 0.146187

Sum of electronic and zero-point Energies= -571.343480

Sum of electronic and thermal Energies= -571.332472

Sum of electronic and thermal Enthalpies= -571.331527

Sum of electronic and thermal Free Energies= -571.381112

si

Unable to Open any file for archive entry.
1\1\GINC-COMPUTE@75\SP\RAPFD TD-FC\6-311++G(2df,p)\C10H1ON201\VCHIS\06
-Jul-2024\0\\#p td(nstates=30) geom=check apfd/6-311++G(2df,p) scf=ver
ytight int=(grid=superfine, acc2e=12) scrf=(solvent=water,smd)\\edavar
one_cl amine OFRTD\\©@,1\C,0,-1.1847865072,1.1957265815,-0.4304144812\C
,0,-2.5448601694,0.7519637853,-0.4654279843\C,0,-2.577310387,-0.546259
7744,-0.0511289965\N,0,-1.3087239724,-0.9721163094,0.1768443607\N,0,-0
.4641110805,0.1063790365,0.0526683278\0,0,-0.6678193023,2.274143877,-0
.7719674149\C,0,-3.7214218311,-1.4574892338,0.1677413157\C,0,0.9266546
946,-0.0811961261,0.0558607829\C,0,1.469902379,-1.3143852193,-0.298481
3517\C,0,2.8462904377,-1.4879970979,-0.2743796475\C, 0, 3.6840056534,-0.
4399177294,0.0858501915\C,0,3.1327047868,0.7864375554,0.4384688739\C, 0
,1.7580120612,0.9703759002,0.4366489194\H, 0,-3.382316909,1.3491705101,
-0.7898567449\H,0,-3.7712995119,-1.7702276458,1.2149200331\H,0,-3.6231
663164 ,-2.3595012973,-0.4420534584\H, 0,-4.6540237661,-0.9576638239,-0.
09112899\H, 0,0.8223956673,-2.130291136,-0.5986129832\H, 0, 3.264249416, -
2.4508194834,-0.5497661892\H,0,4.7597727288,-0.5794519518,0.0974397453
\H,0,3.7767962777,1.6084727234,0.7334940109\H, 0,1.3275348407,1.9160952
964,0.7385315679\H,0,-1.0807241699,-1.6423144675,0.9029807927\\Version
=ES64L-G16RevC.01\State=1-A\HF=-571.5272995\RMSD=4.905e-09\PG=C01 [X(C
10H10N201) ]\\@

The archive entry for this job was punched.

10
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Pentru a cduta energiile se folosesc algoritmii aflate In Backend/Loader/FileLoader.py:

- load properties(f):

energies =

Zero-point correction=":

energy = (line.split('=") [1].strip() .split ('

energies.append (energy)

energies

Explicarea functiei:
Pasul 1:

Parcurge fiecare linie pana ajunge la linia care defineste Zero-point correction=, ce
porneste algoritmul de salvare a valorilor energetice.

Pasul 2:

Verifica daca linia cititd nu contine informatie, ce inseamna ca a parcurs toate liniile ce
contin informatie despre energii, astfel returnand toate datele citite.

Pasul 3:

11
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Daca linia contine informatie, imparte linia cititd In doua valori despartita de =.
Pasul 4:

Retine a doua valoare (valoarea energiei) in memorie, trecind la urmatoarea linie si
repetand pasii 2, 3, 4.

Pentru gésirea sirului "HF" trebuie de analizat mai multe linii deoarece valoarea energiei
poate fi redata in 2 randuri.

checker =
data = ""
line in file:
line = line.strip() .strip('\n")
if line == "The archive entry for this job was punched.":

checker = 0

verify, result = find hf (data)

if verify:

result

data = ""
if checker == 1:
data += line
if line == "Unable to Open any file for archive entry.":

checker = 1

12
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def find hf (d):

d.split ("\\")
data in st:
i1f data[:3] == "HF=":

data.split ("=") [1]

Explicarea functiei:
Pasul 1:

Trece prin fiecare linie a fisierului de iesire pana ajunge la linia “Unable to Open any file
for archive entry”, ce schimba valoarea lui checker astfel intelegand ca a ajuns la liniile
unde se ascunde informatia despre HF.

Pasul 2:

Itereaza fiecare linie pana la linia de “The archive entry for this job was punched”,
retinand toate liniile precedente.

Pasul 3:
Imparte aceste linii in secvente de informatii despartite de “\\”.
Pasul 4:

Verifica daca in una din aceste secvente existd informatia despre HF. Daca a gasit valoarea
lui HF, returneaza valoarea respectiva si o valoare Bool care confirma gasirea valoarii si
opreste functia. Dacd nu a gésit valoare lui HF, returneaza un Bool care indica faptul ca
informatia despre HF nu este prezenta in aceste linii si continud cdutarea de la Pasul 1.

3.2: Calculul populatiei Boltzmann

13
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Dupa cum am discutat in Capitolul 1, formula folositd pentru a calcula populatia
Boltzmann este:

-E /k,T

e
Pi— ~

) . .. ) ) ) 2 ) .. ~E/kT
Din cauza ca energiile sunt negative si de ordinul 10, toti factorii e * vor fi prea
mari pentru a-i putea calcula. Astfel, inmultim ambele parti ale fractiei cu factorul
Boltzmann a celei mai mici energii dintre cele extrase, obtinand:

min" B min’ B

P=P<——=P

E kT —
i i o Pl s i, s n e—(Ej—Emm)/kBT

—E kT eE Jk T e—(Ei—Emm)/kBT

j=1

_(E[_Emu)/kBT
Noul factor Boltzmann ciutat va fi; e

Metoda de calcul folosita in aplicatie se afla n Backend/Functions/Function.py:

f population calc(energies, temperature):

0.0019872041

temperature

best = (energies)
deltas = [(x - best) * ¢ for x in energies]

boltzmann factors = [exp(0 - x / (kb * T)) for x in deltas]

population = [ (x * 100 / (boltzmann factors), 3) for
boltzmann factors]

n deltas, boltzmann factors, population

Acest algoritm permite calculul populatiei Boltzmann in dependenta de temperatura:
Pasul 1:

Determina cea mai micd energie din cele calculate

14
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Pasul 2:

Calculeaza AE pentru fiecare conformer

Pasul 3:
Calculeaza factorul Boltzmann pentru fiecare conformer
Pasul 4:

Calculeaza distributia Boltmann pentru fiecare conformer dupa care returneaza toate
datele obtinute

3.3: Interpretarea datelor structurii moleculare din figierele Gaussian

Pentru extragerea structurii moleculare, este necesar de cautat pozitia fiecarui atom
precum si conexiunile acestuia. Primul pas este de a analiza din ce atomi e formatd
molecula, ceea ce putem gasi in urmatoarele linii:

15
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Structure from the checkpoint file: '"/sandatal/users-data/vchis/balan/eda_cl_amine_w_OFRTD.chk"
Charge = 0 Multiplicity =1

Redundant internal coordinates found in file. (old form).
C,0,-1.1847865072,1.1957265815,-0.4304144812

C,0,-2.5448601694,0.7519637853,-0.4654279843

C,0,-2.577310387,-0.5462597744,-0.0511289965
N,0,-1.3087239724,-0.9721163094,0. 1768443607
N,0,-0.4641110805,0.1063790365,0.0526683278
0,0,-0.6678193023,2.274143877,-0.7719674149
C,0,-3.7214218311,-1.4574892338,0.1677413157
C,0,0.9266546946,-0.0811961261,0.0558607829

C,0,1.469902379,-1.3143852193,-0.2984813517
C,0,2.8462904377,-1.4879970979,-0.2743796475
C,0,3.6840056534,-0.4399177294,0.0858501915
C,0,3.1327047868,0.7864375554,0.4384688739
C,0,1.7580120612,0.9703759002,0.4366489194
H,0,-3.382316909,1.3491705101,-0.7898567449
H,0,-3.7712995119,-1.7702276458,1.2149200331
H,0,-3.6231663164,-2.3595012973,-0.4420534584
H,0,-4.6540237661,-0.9576638239,-0.09112899
H,0,0.8223956673,-2.130291136,-0.5986129832
H,0,3.264249416,-2.4508194834,-0.5497661892
H,0,4.7597727288,-0.5794519518,0.0974397453
H,0,3.7767962777,1.6084727234,0.7334940109
H,0,1.3275348407,1.9160952964,0.7385315679
H,0,-1.0807241699,-1.6423144675,0.9029807927
Recover connectivity data from disk.

(Y344

Primul sir de caractere divizat de *,” reprezinta atomul, iar numarul liniei pe care este scris
reprezintd numarul de ordine al acestuia (Center Number Inregistrat de Gaussian (ex.: 1-
C, 2-C, 3-C, 4-N, ..., 23-H). Numarul de ordine va fi necesar de extras pentru extragerea
informatiilor aditionale a atomilor. Sirurile de caractere de pe a treia pozitie si mai departe
reprezintd pozitiile atomilor in coordonate carteziene, insd in acest caz ele sunt putin
schimbate pentru alte calcule. Din aceastd secventd avem nevoie sa extragem doar atomii si
numarul acestora de ordine. Pentru a gasi secventa se cauta linia “Redundant internal
coordinates found in file.  (old form).” si se inregistreazd informatia pana la linia
“Recover connectivity data from disk.”

Al doilea pas este de a gasi pozitiile acestor atomi, in coordonate carteziene, In orientarea
standard a moleculei.
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Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 -1.197621 1.295617 -0.211442
2 6 0 -2.566965 0.880569 -0.235636
3 6 0 -2.611414  -0.449423 0.059707
4 7 0 -1.344563 -0.916310 0.200206
5 7 0 -0.482807 0.154232 0.143100
6 8 0 -0.671012 2.391695 -0.472581
7 6 0 -3.765564 -1.356924 0.237511
8 6 0 0.903005 -0.056915 0.077013
9 6 0 1.407599 -1.261635 -0.408237
10 6 0 2.780083 -1.460548 -0.451706
11 6 0 3.651652 -0.464598 -0.029269
12 6 0 3.138808 0.733615 0.453945
13 6 0 1.769030 0.940737 0.520464
14 1 0 -3.402963 1.519435 -0.472705
15 1 0 -3.784393 -1.763476 1.253010
16 1 0 -3.707872 -2.200773 -0.455107
17 1 0 -4.696294 -0.819379 0.060389
18 1 0 0.733029 -2.035232 -0.756873
19 1 0 3.167914  -2.401152 -0.829073
20 1 0 4.724028 -0.623226 -0.070806
21 1 0 3.809911 1.513843 0.798186
22 1 0 1.369286 1.862099 0.923112
23 1 0 -1.104635 -1.654131 0.853259

Din aceastd secventd putem extrage coordonatele X, y si z a atomilor prin anumite
manipuldri a sirului de caractere. Aici putem observa necesitatea inregistrarii numarului
de ordine a atomilor. Pentru a gasi acest tabel se cautd linia “Standard Orientation” iar
dupa 4 linii se inregistreaza informatia pana la sfarsitul tabelului

Ultimul pas necesar pentru extragerea completd a informatiei despre structura moleculara

este de a gasi legaturile dintre atomi.
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MicOpt= -1 -1 -1

! Name Definition

Current Parameters
! (Angstroms and Degrees)

Value

! R1
! R2
! R3
! R4
! RS
! R6
! R7
! R8
! R9
! R10
! R11
! R12
! R13
! R14
! R15
! R16
! R17
! R18
! R19
! R20
! R21
! R22
! R23
! R24

R(1,2)
R(1,5)
R(1,6)
R(2,3)
R(2,14)
R(3,4)
R(3,7)
R(4,5)
R(4,23)
R(5,8)
R(7,15)
R(7,16)
R(7,17)
R(8,9)
R(8,13)
R(9,10)
R(9,18)
R(10,11
R(10,19
R(11,12
R(11,20
R(12,13)
R(12,21)
R(13,22)
A(2,1,5)

)
)
)
)

R R R R RRERRRRPBPRRERRPRRRPRRBRRRPBRRPRRERR R

.4311
.3926
.2437
.3631
.0785
.3574
.4789
.3755
.0141
.4034
.094
.0932
.0893
.3934
.3935
.3875
.084
.3892
.0852
.39
.0848
.3869
.0852
.082
104.

9364

Acest tabel reprezinta parametrii geometrici ai moleculei analizate, unde coloana “Name”
reprezinta numele parametrului studiat (R1, A1, D1), coloana Definition reprezinta:

R(1, j) reprezinta lungimea legaturii dintre atomii i sij
A1, j, k) reprezintd unghiul format de atomii 1, j si k

D, j, k, 1) reprezintd unghiul diedru determinat de patru atomi 1, j, k si |

18
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iar coloana “Value” reprezinta valoarea acestora.

Pentru a extrage legaturile intre atomi avem nevoie de parantezele din coloana
“Definition” cu parametrul R. Tabelul il gdsim prin cautarea liniilor ce Incep cu caracterul
“I”” i verificam ca urmatorul caracter (cu exceptia spatiului) sa fie R.

lef load molecule (f) :

atom = line.strip(" ").strip("\n").split(",")
atoms[]j] = [atom[0]]

i o4= 1

if line == " Redundant internal coordinates found in

(old form) .\n":
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line = line.strip ('

") .strip ("\n") .strip ("\t")

if line[2] =
break

if line[2] =

bond = []

ror

index in

if line[index]

left =

index + 1

1f line[index]

— H)”.

right =

index

bond char =
line[left:right].split (', ")

ror

x 1in bond char:

bond. append ( (x))

bonds . append (bond)

N
oreakx
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~ line in file:
line = line.strip('\n').strip()

",

i1f line Standard orientation:

line line.split (' ")
num (1ine[0])
(3) :
' '".join(line[l:]) .strip() .split ("' ")
(line[0])
'.join(line([1l:]) .strip() .split (" ')

(line[01])

' '".join(line[1l:]) .strip() .split ("' ")

(line[01])

atoms [num] .append ([x, vy, z])

atoms, bonds
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3.4: Rularea aplicatiei
Pentru a deschide aplicatia, este necesard descarcarea librariile externe utile. Acest pas

este automatizat in fisierele de rulare in functie de Sistemul de Operare folosit.

Pentru Windows se foloseste un fisier de tip .bat:

' SCRIPT DIR=%~dp0

SET MAIN PY=%SCRIPT DIR%TezaOficiall\main.py

ho Script is running from: %SCRIPT DIR%

python —--version

echo Installing required libraries...
python -m pip install --upgrade pip

python -m pip install customtkinter tkinterdnd2 matplotlib numpy

IF EXIST "ﬁMAINiPYﬁ" (
echo Running main.py. ..

SMAIN PYS"
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Pentru Mac se foloseste un fisier de tip .command:

SCRIPT DIR="$(cd "$(dirname "${BASH SOURCE[0]}")" && pwd)"

echo "Script is running from: $SCRIPT DIR"

1and -v python3 &>/dev/null;

"Python3 not found. Installing..."

o apt update

apt install -y python3 python3-pip

"Python3 found: $(python3 —--version)"

echo "Installing required Python packages...

pip3 install --upgrade pip

0ip3 install customtkinter tkinterdnd2 matplotlib numpy
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MAIN PY="S$SCRIPT DIR/main.py"
"SMAIN PY" ]; tI
"Running main.py..."

"SMAIN PY"

"Error: Could not find main.py in SMAIN PY"

SCRIPT DIR="g5 (cd "$ (di me "${BASH SOURCE[0]}")" && pwd)"

"Script is running from: S$SCRIPT DIR"

IS

"Python3 not found. Installing..."

sudo apt update && sudo apt install -y python3 python3-pip

echo "Python3 found: $ 10n3 —--version)"
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w

echo "Installing required Python packages...
install --upgrade pip

5 install customtkinter tkinterdnd?2 matplotlib numpy

MAIN PY="SSCRIPT DIR/TezaOficial/main.py"

-f "SMAIN PY" ]; ¢I
echo "Running main.py...
python3 "SMAIN PY"

echo "Error: Could not find main.py in $MAIN PY"

Daci se foloseste Linux, pentru a putea rula aplicatia cu ajutorul unui double-click,
trebuie de deschis terminalul si apoi rulatd comanda:

chmod +x *directory path*/LINUX.sh
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4. Interfata Grafica a Aplicatiei

In acest capitol se vor descrie metodele folosite pentru afisarea informatiei in aplicatie a
fiecarei pagini.

4.1 Ecranul Principal

Ecranul principal se Tmparte in doud sectiuni:

- Ecranul de navigare
- Ecranul de afisare a informatiei

Boltzmann Population Calculator

Home Screen

Home

: io Analyzer:
Ratio Analyzer

1e screen where you can input all your desired molecule

'Gaussian .log file) and calculate the Boltzmann population
Inspect Molecule

ecule Inspect:

The screen where you can observe the molecule that you
it (Gaussian .log file) as well as analyze different energy levels

Ecranul de navigare reprezinta interfata care permite utilizatorului sa acceseze diverse
sectiuni sau functionalititi ale aplicatiei. In cazul de fati, acest ecran include butoanele
“Home”, “Ratio Analyzer” si “Inspect Molecule”, care permit redirectionarea spre alte
ecrane ale aplicatiei. Ecranul de navigare rdimane mereu constant, butoanele schimband
doar ecranul de afisare a informatiei.

Importuri folosite:
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App.Screens.MainScreen rt MainScreen

App.Screens.CalculatorScreen brt CalculatorScreen
App.Screens.MoleculeScreen 1 rt MoleculeScreen
m tkinterdnd2 i rt TkinterDnD

as ctk

~ frame in ( f.home frame, f.calculator frame,

f.molecule frame) :

frame.pack forget ()

Pentru a afisa ecranul “Home”:
show home (se
If.hide all frames ()

f.home frame.pack(fill="both",

expand='

- show graph (sc¢

If.hide all frames ()
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self.molecule frame.pack(fill="both", expand=T

Pentru a initializa ecranele si de a configura butoanele:

5 App (TkinterDnD.Tk) :

.title("Boltzmann Population Calculator")

F.geometry ("1000x500™)

f.grid rowconfigure (0, weight=1)

f.grid columnconfigure (1, weight=1)

f.sidebar = ctk.CTkFrame (self, width=200, corner radius=0)
.sidebar.grid(row=0, column=0, sticky="nswe")

f.sidebar.grid rowconfigure (5, weight=1)

f.home btn = ctk.CTkButton (self.sidebar, text="Home",
f.show home)

[f.home btn.grid(row=0, column=0, padx=20, pady=(100, 10))

f.dnd btn = ctk.CTkButton (self.sidebar, text="Ratio
command=self.show dnd)
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self.dnd btn.grid(row=1l, column=0, padx=20, pady=10)

self.mol btn = ctk.CTkButton(self.sidebar, text="Inspect
Molecule", command=self.show graph)

self.mol btn.grid(row=2, column=0, padx=20, pady=10)

main frame = ctk.CTkFrame (self)

main frame.grid(row=0, column=1, sticky="nswe")

home frame = MainScreen(self.main frame)
calculator frame = CalculatorScreen(self.main frame)

molecule frame = MoleculeScreen(self.main_ frame)

self.show home ()

4.2: Ecranul “Home”

Ecranul “Home” reprezinta ecranul cu informatii legate de aplicatie:

Boltzmann Population Calculator

Home Screen

Home

. Ratio Analyzer:
Ratio Analyzer

The screen where you can input all your desired molecule

file (Gaussian .log file) and calculate the Boltzmann population
Inspect Molecule

Molecule Inspect:

The screen where you can observe the molecule that you
input (Gaussian .log file) as well as analyze different energy levels
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, master) :

(). 1init (master)

ctk.(TkLabel (s f ela font=("Arial",
30)) .pack (pc dy=20)

ctk.CTkLabel ( f, text="Ratio Analyzer: , font=("Arial",

20)) .pack (pady=(60, 0), anchor='w')

ctk.CTkLabel (self, text="The screen where you can input all
your desired molecule \n file (Gaussian .log file) and calculate the
Boltzmann population", font=("Arial", 15)) .pack(pady=10, anchor='w')

ctk.CTkLabel (self, text="Molecule Inspect: ", font=("Arial",
20)) .pack (pady=(60, 0), anchor='w')

ctk.CTkLabel (self,
molecule that you \n input (Gaussian . lc i 1e s well as
different energy levels", font=("Arial", . pady=10,
anchor="w"')

4.3 Ecranul “Inspect Molecule”

Acest ecran e configurat din mai multe ferestre pentru a structura informatia mai usor:

Boltzmann Population Calculator

Input Molecule View Molecule Molecule Properties

Drop File Below:

Home

Ratio Analyzer

Inspect Molecule Inspect Molecule
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Fereastra “Input Molecule” constd dintr-un camp pentru text si un buton ce da start
metodei de a extrage datele din fisier.

In fereastra “View Molecule” se creaza un complot 3D pentru a putea vizualiza molecula:

Boltzmann Population Calculator
Input Molecule View Molecule Molecule Properties

Elements

Ratio Analyzer

Inspect Molecule

Fereastra “Molecule Properties” va perezenta mereu informatia legatd de energiile
moleculei, valorile carora sunt afisate Intr-un camp de text neiterabil:
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Boltzmann Population Calculator

Input Molecule View Molecule Molecule Properties

Value:

Ratio Analyzer File Name = edaravone_c1_amine_w_OFRT

Zero-point correction = 0.18382

Inspect Molecule Thermal correction to Energy = 0.194828

Thermal correction to Enthalpy = 0.195772
Thermal correction to Gibbs Free Energy = 0.146187
Sum of electronic and zero-point Energies = -571.34348
Sum of electronic and thermal Energies = -571.332472
Sum of electronic and thermal Enthalpies = -571.331527
Sum of electronic and thermal Free Energies = | -571.381112

HF = -571.56272995

Metodele utilizate:
Importuri:
matplotlib.figure
customtkinter as
matplotlib.patches "t Patch
mpl toolkits.mplot3d ort Axes3D
n matplotlib.backends.backend tkagg rt FigureCanvasTkAgg

Backend.Loader.FilelLoader

tkinterdnd2 1 rt DND FILES
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self.entry sv.set (event.data)

Functia ce da start executiei extragerii informatiei la apdsarea butonului:
start mol (s
[ f.draw_plot (self. L self.entry sv.get())

If.write properties(self.entry sv.get())

self.canvas:

~.canvas.get tk widget () .destroy ()

.figure = Figure(figsize=(10, 5), dpi=100)

f.figure.subplots adjust (left=0, right=1, top=1, bottom=0)

.figure.add subplot (111, projection='3d")

colors = {'H': ["white", 11,
'0': ["red", 31,
'Cc': ["gray", 5],
["blue", 1017,
["lightblue™, 10],
["yellow", 107,

['pink', 101,

33



Caruntu Patrick Lucrarea de licenta

"P": ["orange", 10]}

atoms, bonds = load molecule (f)
XS [ (atom[1] [0]) for atom in atoms.values ()]
ys [ (atom[1][1]) for atom in atoms.values () ]

zZs [ (atom[1][2]) for atom in atoms.values () ]

all coords = xs + ys + zs
min val (all coords)

max val (all coords)

ax.set xlim(min val, max val)
ax.set ylim(min val, max val)
ax.set zlim(min val, max val)
plotted elems = ()
for atom in atoms.values() :
ax.scatter(atom[1][0], atom[1l][1l], atom[1l][2],

color=colors[atom[0]][0], s=25 *
colors[atom[0]][1])

plotted elems.add(atom[0])

for bond in bonds:

x mid (atoms [bond[0]][1] [0] + atoms[bond[1]][1][0]) / 2

y mid (atoms [bond[0]]1[1][1] + atoms[bond[1]]1[11([1]1) / 2

z _mid (atoms [bond[0]]1[1][2] + atoms[bond[1]]1[11[2]) / 2
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ax.plot ([atoms[bond[0]1][1][0], x mid],
[atoms [bond[0]] [1] [1], y mid],
[atoms [bond[0]][1][2], z mid],
color=colors[atoms [bond[0]][0]][0])

ax.plot ([atoms [bond[1]][1][0], x mid],
[atoms [bond[1]][1][1], y mid],
[atoms [bond[1]][1][2], z mid],

color=colors[atoms[bond[1]][0]]1[0])

legend elements = |

Patch (facecolor=colors[element] [0], edgecolor='black',

in plotted elems

ax.legend (handles=legend elements, title="Elements", loc='upper
right', frameon=True)

ax.set facecolor ('#2e2e2e')

self.figure.patch.set facecolor ('#2e2e2e')

ax.xaxis.pane.set visible (False)
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.set visible (f
.set visible (F
.set visible (F
.set visible (f

.set visible (F

.set xticks([])

.set yticks([])

.set _zticks([])

.set xlabel('")
.set _ylabel('")

.set zlabel('')

f.canvas = FigureCanvasTkAgg (self.figure, master=container)
self.canvas.draw ()
widget .canvas.get tk widget ()

widget.pack (pady=10, fill="both", expand=T

Metoda folosita pentru reprezentarea valorilor energiilor moleculei:

36



Caruntu Patrick Lucrarea de licenta

energies = load properties (f)

load hf (f)

self.valueO.configure (state="normal")
self.valueO.delete (0, "end")

self.valueO.insert (0, f.split('/')I[-1].strip('.log"))

valueO.configure (state="readonly")

valuel.configure (state="normal")
valuel.delete (0, "end")
valuel.insert (0, energies[0])

valuel.configure (state="readonly")

.value2.configure (state="normal")
value2.delete (0, "end")
value?2.insert (0, energies([1l])

.value2.configure (state="readonly")

value3.configure (state="normal")
.value3.delete (0, "end")
value3.insert (0, energies[2])

value3.configure (state="readonly")
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valued.

valued

valued.

valued.

valueb.

valueb

valueb.

valueb.

valueo6.

valueb6

valueb6.

valueb6.

value7.

value’/

.value’.

value7.

.valueS8.

value8

value8.

value8.

configure (state="normal")

.delete (0, "end")

insert (0, energies[3])

configure (state="readonly")

configure (state="normal")

.delete (0, "end")

insert (0, energies[4])

configure (state="readonly")

configure (state="normal")

.delete (0, "end")

insert (0, energies[5])

configure (state="readonly")

configure (state="normal")

.delete (0, "end")

insert (0, energies[6])

configure (state="readonly")

configure (state="normal")

.delete (0, "end")

insert (0, energies[7])

configure (state="readonly")

Lucrarea de licenta
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Below:

[f.value9.configure (state="normal")

.value9.delete (0, "end")
.value9.insert (0, hf)

F.value9.configure (state="readonly")

f.canvas

.figure

f.my tab = ctk.CTkTabview (self)

.my tab.pack (pady=10, fill="both", expand=
f.tab 0 self.my tab.add("Input Molecule")
f.tab 1 self add ("View Molecule™)
f.tab 2 self.my .add ("Molecule Propertie

o~

ctk.CTkLabel (self1 text="Drop File

(s
") .pack (pady=20)

If.properties frame = ctk.CTkFrame (

If.properties frame.pack (expand=

f.entry sv = ctk.StringVar ()
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self.entry sv.set("")

self.entry = ctk.CTkEntry(self.tab O,
textvariable=self.entry sv, width=250)

self.entry.pack (pady=20)
self.entry.drop target register (DND FILES)

self.entry.dnd bind("<<Drop>>", self.drop)

labelN = ctk.CTkLabel (self.properties frame, text="Name:")

labelN.grid (row=0, column=0, padx=(10, 5))

labelV = ctk.CTkLabel (self.properties frame, text="Value:")

labelV.grid (row=0, column=1, padx=(10, 5))

labelO0 = ctk.CTkLabel (self.properties frame, text="File Name

labelO.grid (row=1, column=0, padx=(10, 5), sticky='w')

labell = ctk.CTkLabel (self.properties frame, text="Zero-point
correction =")

labell.grid(row=2, column=0, padx=(10, 5), sticky='w')

label2 = ctk.CTkLabel (self.properties frame, text="Thermal
correction to Energy =")

label2.grid (row=3, column=0, padx=(10, 5), sticky='w')
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label3 ctk.CTkLabel (self.properties frame, text="Thermal

correction to Enthalpy =")

label3.grid (row=4, column=0, padx=(10

, 5), sticky='w")

labeld4 = ctk.CTkLabel (self.properties frame, text="Thermal

correction to Gibbs Free Energy =")

labeld.grid (row=5, column=0, padx= (10

, 5), sticky='w")

label5 = ctk.CTkLabel (self.properties frame, text="Sum

electronic and zero-point Energies =")

label5.grid (row=6, column=0, padx= (10

label6 = ctk.CTkLabel (self.properties
electronic and thermal Energies =")

label6.grid (row=7, column=0, padx=(10

label7 = ctk.CTkLabel (self.properties
electronic and thermal Enthalpies =")

label7.grid (row=8, column=0, padx=(10

label8 = ctk.CTkLabel (self.properties
electronic and thermal Free Energies =")

label8.grid (row=9, column=0, padx=(10

label9 = ctk.CTkLabel (self.properties

label9.grid (row=10, column=0, padx=(

, 5), sticky='w")

_frame, text="Sum

, 5), sticky='w")

_frame, text="Sum

, 5), sticky='w")

_frame, text="Sum

, 5), sticky='w")

_frame, text="HF =")

0, 5), sticky='w"')
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valuel

valuel.

valuel.

value?

value?2.

value?.

value3

value3.

.value3.

valued

.valued.

valued.

.valueb

valueb.

valueb.

ctk.CTkEntry (self.properties

configure (state="readonly")

grid(row=1, column=1, padx=(5,

= ctk.CTkEntry(self.properties

configure (state="readonly")

grid(row=2, column=1, padx=(5,

ctk.CTkEntry (self.properties

configure (state="readonly")

grid(row=3, column=1, padx=(5,

= ctk.CTkEntry (self.properties

configure (state="readonly")

grid(row=4, column=1, padx=(5,

= ctk.CTkEntry(self.properties

configure (state="readonly")

grid(row=5, column=1, padx=(5,

= ctk.CTkEntry(self.properties

configure (state="readonly")

grid(row=6, column=1, padx=(5,

Lucrarea de licenta

frame, width=200)

10))

frame, width=200)

10))

frame, width=200)

10))

frame, width=200)

10))

frame, width=200)

10))

frame, width=200)

10))
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ctk.CTkEntry (self.properties frame, width=200)
.configure (state="readonly")

.grid(row=7, column=1, padx=(5, 10))

= ctk.CTkEntry(self.properties frame, width=200)

.configure (state="readonly")

.grid(row=8, column=1, padx=(5, 10))

ctk.CTkEntry (self.properties frame, width=200)
.configure (state="readonly")

.grid(row=9, column=1, padx=(5, 10))

ctk.CTkEntry (self.properties frame, width=200)
.configure (state="readonly")

.value9.grid(row=10, column=1, padx=(5, 10))

ctk.CTkButton(self.tab 0, text="Inspect Mo
command=: “.start mol)

.pack (pady=10)

4.4 Ecranul “Ratio Analyzer”
La fel ca si ecranul precedent, acesta foloseste ferestre diferite pentru a reprezenta
informatia.

In prima fereastra se include de catre utilizator informatia necesara pentru a Incepe
calculul:

- Camp de text pentru inserarea fisierelor
- Buton pentru adaugare
- Un camp pentru afisarea moleculelor din lista
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- Un buton pentru stergere a unei molecule

- Un buton pentru stergere a listei

- Un camp de text pentru setarea temperaturii
- Un buton pentru a executa calculul

Boltzmann Population Calculator

Add Molecule Ratios
/Users/caruntupatrick/Desktop/TezaOfi

/Users/caruntupatrick/Desktop/TezaOficial/Molecule/edaravone_c1_amine_w_OFRTD.log

/Users/caruntupatrick/Desktop/TezaOficial/Molecule/edaravone_c1_enol_w_OFRTD.log Remove Selected

Ratio Analyzer
/Users/caruntupatrick/Desktop/TezaOficial/Molecule/edaravone_c1_keto_w_OFRTD.log
Inspect Molecule
Clear

Temperature(K):

Calculate

A doua fereastra initial e goald, dar la executarea calculului aceasta imparte pagina si va
prezenta structurat informatia sub forma unui tabel si a unei diagrame circulare
interactionabile.

44



Caruntu Patrick Lucrarea de licenta

Boltzmann Population Calculator

Add Molecule Ratios

File Name edaravone_c1_amine_w_OFRTD || edaravone_c1_enol_w_OFRTD | edaravone_c1_keto_w_OFRTD

Gibbs -571.381112 -571.372802 -571.381218
Home

dG 0.0665 5.2811 0.0

Radclnalzey Boltzmann Factor 0.8938 0.0001 1.0

Population 47.192% 0.007% 52.801%
Inspect Molecule

47.192%
52.801%

edaravone_c1_keto_w_OFRTD
52.801%

0.007%

Metode folosite:
Importuri:
matplotlib.backends.backend tkagg FigureCanvasTkAgg
matplotlib.figure Figure
customtkinter ctk
matplotlib.pyplot plt

numpy np

Backend.Functions.Functions

tkinterdnd?2 DND FILES

App . App
Backend.Loader.FileLoader
App.Screens.MoleculeScreen

[OFS]
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Functia pentru iregistrarea fisierelor prin metoda “Drag and Drop”:

self.entry sv.set (event.data)

Functia pentru actualizarea listei de molecule:
- update molecule list (s
for widget in self.molecule frame.winfo children() :
widget.destroy ()
" mol in (self.molecules) :

item = ctk.CTkButton (s .molecule frame, text=mol,
width=250, anchor="w"

command=1
r.select molecule (m))

item.molecule = mol

item.pack (fill="x", pady=1)

Functia pentru adaugarea a moleculelor noi prin cautarea intr-un director sau
introducerea fisierelor:

- add molecule (self) :

dir f.entry sv.get ()
new molecules = os.listdir (dir)
(new molecules)) :

new molecules[i] = dir + '/' + new molecules([i]

new molecules f.entry sv.get().split()
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new molecule in new molecules:

1f new molecule and new molecule .molecules:

f.molecules.add (new molecule)

lf.update molecule list()

self.adder.configure (text="Added")

f.selected molecule = molecule
r child in self.molecule frame.winfo children() :
(child, "molecule"):

if child.molecule == molecule:

child.configure (fg color="4#444444")

child.configure (fg color="transparent")

Functia pentru stergerea moleculei selectate din lista:

.molecules:

.selected molecule)

f.selected molecule

f.update molecule list()

Functia pentru stergerea completa a listei de molecule:
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-~ clear_all(s
self.molecules.clear ()

If.update molecule list()

for widget in f.results frame.winfo children() :

widget.destroy ()
.wedges info.clear ()
f.tooltip:

f.tooltip.destroy ()

f.tooltip = I

Functia pentru detectarea de catre aplicatie a utilizarii rotii mouse-ului:

- _on _mousewheel (s

1f event.state & 0x0001:
direction = -1 if event.delta > 0
f.canvas.xview scroll (direction, "units")
- event.nu
.canvas.yview scroll (-1, "units")
=

- event.num == 5:

.canvas.yview scroll (1,

direction = -1 if event.delta > 0

.canvas.yview scroll (direction,
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Functia ce permite parcurgerea cu ajutorul rotii mouse-ului a ferestrei:

-~ bind mousewheel recursive (s

widget.bind ("<MouseWheel>", s f. on mousewheel)
widget.bind ("<Button-4>", f. on mousewheel)
widget.bind ("<Button-5>", = f. on mousewheel)

- child in widget.winfo children() :

. _bind mousewheel recursive (child)

Functia ce afiseaza informatia despre diagrama cand aplicatia detecteazd ca mouse-ul

planeaza deasupra acesteia:

~mpl hover (s event) :

~.tooltip:

[f.tooltip = ctk.CTkLabel (s
corner radius=5,

f.results frame, text="",
fg color="#444",
text color="white")

f.tooltip.place forget ()

1f event.inaxes:

for wedge, label, pop in self.wedges info:

1f wedge.contains point ((event.x, event.y)):

[f.tooltip.configure (text=f"{label}\n{pop:.3f}

R = (event.guiEvent.x root -
.results frame.winfo rootx() + 10)

o)
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y = (event.guiEvent.y root -
+ 10)

self.tooltip.place (x=x, y=Y)

self.tooltip.place forget ()

Functia pentru afisarea rezultatelor calculului Boltzmann si afisarea acestora in pagina:
" calculate (se
>]f.results frame.winfo children() :
widget.destroy ()
f.wedges info.clear ()
.tooltip:
f.tooltip.destroy ()

[f.tooltip

fg color="transparent",

cell.grid(row=0, column=0, rowspan=2, pady=5, sticky="n")

ctk.CTkLabel (cell, text="File Name", anchor="w") .pack (padx=5,

pady=2)

ctk.CTkLabel (cell, text="Gibbs", anchor="w") .pack (padx=5, pady=2)
ctk.CTkLabel (cell, text="dG", anchor="w") .pack (padx=5, pady=2)

ctk.CTkLabel (cell, text="Boltzmann Factor",
anchor="w") .pack (padx=5, pady=2)

ctk.CTkLabel (cell, text="Population", anchor="w") .pack (padx=5,
pady=2)
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gibbs = []
filenames = []
in self.molecules:
filename = mol.split('/"') [-1].replace('.log', '")
filenames.append (filename)
energies = load properties (mol)

gibbs.append (energies[7])

deltas, factors, population = population calc (gibbs,
(self.temperature.get()))

( (gibbs)) :
filename = filenames|[i]
energy str = (gibbs[i])
delta str = (deltas[i], 4))
factor str = (factors[i], 4))
1o

population str (population[i]) + 'S

filename width (10, (filename) )

cell = ctk.CTkFrame (self.results frame,
fg color="transparent", border width=2, border color='gray')

cell.grid(row=0, column=i + 1, rowspan=2, pady=5, sticky="n")

ctk.CTkEntry(cell, corner radius=0,
textvariable=ctk.StringVar (value=filename),

state='readonly', fg color="transparent",
border width=0,
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(filename width * 8.5)) .pack (pady=2,

ctk.CTkEntry (cell, corner radius=0,
textvariable=ctk.StringVar (value=energy str),

state='readonly', fg color="transparent",
border width=0,

width=100) .pack (pady=2, padx=2)

ctk.CTkEntry (cell, corner radius=0,
textvariable=ctk.StringVar (value=delta str),

state='readonly', fg color="transparent",
border width=0,

width=100) .pack (pady=2, padx=2)

ctk.CTkEntry (cell, corner radius=0,
textvariable=ctk.StringVar (value=factor str),

state='readonly', fg color="transparent",
border width=0,

width=100) .pack (pady=2, padx=2)

ctk.CTkEntry (cell, corner radius=0,
textvariable=ctk.StringVar (value=population str),

state='readonly', fg color="transparent",
border width=0,

width=100) .pack (pady=2, padx=2)

np.array (population)

fig = Figure (figsize=(5, 5), dpi=100, facecolor='#2e2e2e')
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fig.add subplot (111)

wedges, texts, autotexts = ax.pie
Yr
autopct="'%1.3£%%"',
textprops={'color': 'w'},
startangle=90,

counterclock=True

self.figure = fig

self.wedges info = (wedges, filenames, population))

fig.tight layout ()

self.plot canvas = FigureCanvasTkAgg (fig,
master=self.results frame)

self.plot canvas.draw ()
plot widget = self.plot canvas.get tk widget ()

plot widget.grid(row=2, column=0, columnspan= (filenames) + 1,
pady=20)

self.plot canvas.mpl connect ("motion notify event",
self. mpl hover)

self. bind mousewheel recursive (self.results frame)
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Initializarea ecranului “Ratio Analyzer”:

master) :
~__(master)
.molecules
. figure
.tooltip
.canvas
.wedges_info

f.selected molecule

f.my tab = ctk.CTkTabview (self)
f.my tab.pack(fill="both", expand=
self.my tab.add("Add Molecule")

self.my tab.add("Ratios")

.table frame = ctk.CTkFrame (self.tab a)

f.table frame.pack(fill="both", expand=
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self.entry sv = ctk.StringVar ()

[f.entry = ctk.CTkEntry(self.table frame,

iable=self.entry sv, width=250)

f.entry.grid (row=0, column=0, pady=10)
self.entry.drop target register (DND FILES)

I[f.entry.dnd bind("<<Drop>>",

f.table frame, text='Add',

self.adder.grid(row=0, column=1, padx=10)

self.molecule frame = ctk.CTkFrame (self.table frame,

fg color="transparent")
self.molecule frame.grid(row=1l, column=0, pady=10)

self.update molecule list()

ctk.CTkButton (self.table frame, text='Remove
command=self.remove selected) .grid(row=1, column=1,

ctk.CTkButton (self.table frame, text='Clear',

lf.clear all) .grid(row=2, columnspan=2, pady=10)

[ f.temperature = ctk.StringVar ()

1f.temperature.set ('298")
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ctk.CTkLabel (self.table frame,
text="Temperature (K) :"') .grid(row=3, column=0, pady=15)

self.temp entry = ctk.CTkEntry(self.table frame,
textvariable=self.temperature, width=100) .grid(row=3, column=1,
pady=15)

ctk.CTkButton (self.table frame, text='Calculate',
command=self.calculate) .grid(row=4, columnspan=2, pady=20)

self.scroll container = ctk.CTkFrame (self.tab b)

self.scroll container.pack(fill="both", expand=True, padx=10,
pady=10)

self.canvas = ctk.CTkCanvas (self.scroll container,
borderwidth=0, highlightthickness=0)

self.v_scrollbar = ctk.CTkScrollbar(self.scroll container,
orientation="vertical", command=self.canvas.yview)

self.h scrollbar = ctk.CTkScrollbar (self.scroll container,
orientation="horizontal", command=self.canvas.xview)

self.canvas.configure (yscrollcommand=self.v scrollbar.set,
xscrollcommand=self.h scrollbar.set)

self.canvas.grid(row=0, column=0, sticky="nsew")

self.v_scrollbar.grid(row=0, column=1, sticky="ns")

self.h scrollbar.grid(row=1l, column=0, sticky="ew")

self.scroll container.grid rowconfigure (0, weight=1)
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.scroll container.grid columnconfigure (0, weight=1)

.results frame ctk.CTkFrame (s

f.canvas)

canvas_ window “.canvas.create window ( (0, 0),

.results frame, anchor="nw")

.results frame.bind("<Configure>", e:

configure (scrollregion=self.canvas.bbox ("all™)))
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5. Utilizarea Aplicatiei

In acest capitol se va discuta despre navigarea aplicatiei si indicatiile pentru uitilizator
pentru folosirea aplicatiei.

Odata ce se deschide aplicatia, aceasta va afisa urmatorul ecran:

Boltzmann Population Calculator

Home Screen

Home

. Ratio Analyzer:
Ratio Analyzer

The screen where you can input all your desired molecule

file (Gaussian .log file) and calculate the Boltzmann population
Inspect Molecule

Molecule Inspect:

The screen where you can observe the molecule that you
input (Gaussian .log file) as well as analyze different energy levels

Aici pot fi gasite informatii legate de butoanele din ecranul de navigare. Pentru a accesa
alte ecrane se folosesc butoanele din partea stdnga (ecranul de navigare). Dupa apasarea
butonului “Inspect Molecule”, va fi prezentat urmatorul ecran:

Boltzmann Population Calculator

Input Molecule View Molecule Molecule Properties

Drop File Below:

Home
Ratio Analyzer

Inspect Molecule Inspect Molecule
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Aici puteti introduce prin “Drag and Drop” sau prin inserarea caii, un fisier de iesire
Gaussian (se introduce doar un fisier). La apdsarea butonului “Inspect molecule” din
ecranul de afisare a informatiei, aplicatia extrage informatia despre moleculd si le
afiseaza in tab-urile “View Molecule” si “Molecule Properties”.

In “View Molecule” va fi prezentatd structura moleculard unde se poate interactiona cu
molecula (rotire, micsorare/marire):

Boltzmann Population Calculator
Input Molecule View Molecule Molecule Properties

Elements

[
Home

. N
mm O
3 H

Ratio Analyzer

Inspect Molecule

Boltzmann Population Calculator

Input Molecule View Molecule Molecule Properties

Value:

Ratio Analyzer File Name = edaravone_c1_amine_w_OFRT

Zero-point correction = 0.18382
Inspect Molecule Thermal correction to Energy = 0.194828
Thermal correction to Enthalpy = 0.195772
Thermal correction to Gibbs Free Energy = 0.146187
Sum of electronic and zero-point Energies = -571.34348
Sum of electronic and thermal Energies = -571.332472
Sum of electronic and thermal Enthalpies = -571.331527

Sum of electronic and thermal Free Energies = | -571.381112

HF = -571.56272995
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La apasarea butonului “Ratio Analyzer” va fi afisat urmatorul ecran:

Boltzmann Population Calculator

Add Molecule Ratios

Home

Ratio Analyzer

Inspect Molecule Remove Selected

Temperature(K):

Calculate

In prima casuti se pot adduga mai multe molecule prin “Drag and Drop” sau prin inserarea
caii catre fisierul de iesire Gaussian. Pe langd inserarea unui singur fisier, aici este
permisd adaugarea mai multor fisiere in acelasi timp prin selectarea concomitentd si
inserarea lor prin “Drag and Drop”. Este permisa si insera unui fisier de tip “Directory”
din care aplicatia va extrage toate fisierele din interiorul acestuia. Aplicatia nu va permite
inserarea aceluiasi fisier de mai multe ori pentru evitarea erorilor.

Dupa adaugarea mai multor fisiere, acestea vor fi salvate Tn memoria aplicatiei si
prezentate sub forma de mai multe butoane:

Boltzmann Population Calculator

Add Molecule Ratios
[Users/caruntupatrick/Desktop/TezaOfi

/Users/caruntupatrick/Desktop/TezaOficial/Molecule/edaravone_c1_amine_w_OFRTD.log

Ratio Analyzer [Users/caruntupatrick/Desktop/TezaOficial/Molecule/edaravone_c1_enol_w_OFRTD.log Remove Selected

[Users/caruntupatrick/Desktop/TezaOficial/Molecule/edaravone_c1_keto_w_OFRTD.log
Inspect Molecule

Clear

Temperature(K):

Calculate
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La apasarea butonului “Clear”, toate moleculele din memoria aplicatiei vor fi sterse.
Pentru a sterge un singur fisier, este nevoie de a selecta fisierul dupa care se apasa
butonul “Remove Selected”.

Se alege temperatura (in Kelvin) necesara pentru calculul dorit al populatiei Boltzmann
(valoare implicita este setatd la 298 K), iar cand totul este introdus, se apasd butonul
“Calculate” si aplicatia executd toate calculele si le afiseaza in fereastra “Ratios” sub
forma unui tabel si al unui Pie-Chart::

Boltzmann Population Calculator

Add Molecule Ratios

File Name edaravone_c1_amine_w_OFRTD | edaravone_c1_enol_w_OFRTD | edaravone_c1_keto_w_OFRTD

-571.381112 -571.372802 -571.381218
— Gibbs

d6 0.0665 5.281

Ratio Analyzer Boltzmann Factor 0.8938 0.0001

-192% .007%
(ECEnEE=In Population 47.192 0.007"

52.801%

Aceasta fereastra permite si posibilitatea de a face “Scroll” pentru a parcurge toatd
informatia. La planarea deasupra diagramei, aplicatia va afisa informatia despre regiunea
data

Boltzmann Population Calculator

Add Molecule Ratios
File Name edaravone_c1_amine_w_OFRTD || edaravone_c1_enol_w_OFRTD | edaravone_c1_keto_w_OFRTD

Gibbs -571.381112 -571.372802 -571.381218
Home

d6 0.0665 5.2811 0.0
Ratio Analyzer Boltzmann Factor 0.8938 0.0001 1.0

192% .007% %
Inspect Molecule RopUiation e 0.007 52.801%

47.192%
52.801%

edaravone_c1_keto_w_OFRTD
52.801 %
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Concluzii

Lucrarea de fatd a urmarit dezvoltarea unei aplicatii software pentru automatizarea
calculului populatiilor Boltzmann, un instrument esential pentru determinarea celor mai stabili
conformeri sau tautomeri moleculari si pentru in analiza comportamentului termic al acestora.

Am pornit de la fundamentele teoretice ale distributiei Boltzmann, subliniind rolul sdu
central in fizica statistica si In interpretarea fenomenelor spectroscopice. Am prezentat o
arhitectura software clar structurata, dezvoltatd in Python, ce permite extragerea datelor
energetice din fisierele Gaussian si calculul automat al populatiilor relative pentru o gama
de temperaturi.

Aplicatia include o interfata graficd intuitiva si functionalitdti extinse: conversie de unitati,
manipulare de degenerescente, analizd multi-temperaturd si exportul rezultatelor. Prin
studii de caz, am demonstrat atat corectitudinea implementarii cat si utilitatea practica a
aplicatiei in contexte educationale si de cercetare.

In perspectiva, aplicatia poate fi extinsd pentru a include suport pentru alti algoritmi
statistici, suport pentru mai multe tipuri de fisiere de intrare si integrarea directd a
interpretarii spectroscopice. Astfel, instrumentul dezvoltat devine un exemplu elocvent al
modului in care metodele computationale moderne pot eficientiza si imbundtati procesele
de analiza stiintifica.
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