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TITLE OF THE DISSERTATION

Development of Computational Chemistry Data
Processing Software

Abstract: This thesis further develops the existing chemistry modeling software

by adding the functionality to connect any functional group to existing molecules,
optimizing the software interface to enable opening of multiple windows, and
introducing a template interface that allows users to select specific atoms to bond in
functional groups, as well as adding features such as drawing multiple bonds and
undo/redo options, and allowing users to select from a variety of functional groups.
These improvements greatly enhance the usability and flexibility of the software,
making it more suitable for molecular modeling and analysis in the field of chemistry
research. To achieve these improvements, this thesis uses the Python programming
language, the PyQt5 GUI toolkit, and the OpenGL graphics library to implement
various functions and modules. In addition, to enhance the user experience, a template
interface is introduced that allows users to visually select the functional groups they
wish to bond. Experimental results show that the chemistry modeling software
developed in this thesis has high stability and good user experience, effectively
improving the efficiency and accuracy of chemistry researchers. In future research,
there is further optimization and expansion space for this software to better meet the

needs of different users.

KEY WORDS: chemistry modeling software, connecting arbitrary
functional groups, user interface optimization, multi-window, template

interface, drawing multiple bonds, functional group selection.
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FEE ISR, B IS, PSR ERORSCRE S 180°, X TR ey 2 M ] e K
JEHIEE, KIRSOVIR2, B8, I RRA R SR 7, AT ) 5 ) S &G
Wi, EIRERAEAEHRIAT . o, EEEEE RIS FAE RS, R0
BRI A RE R, WINETEE. @ L EP R, RATHURT ASE A 20T
HAS T R T L, RN A AR K

R AR ARG 13RS B e A, 12 pR HRT DAGE =4 2 [A] v 1) JiR 1 B

TS e . 1Z R EUE A T Python ZmAE1E A1 NumPy JZE 1 11 B RN
Jiie

R ASBOFE A, R rE A, TR 24, e
FEAR T o o e b () A ORI A il 2% A S HCL R E 1 ALK U 1m0 e
FAESHNGE TR AE RN

TERRELN R, B o4 e i Al AR kS m RN 28 5, TH SR A il () g e e B 2
E, Mz EEATIH A EE, AR E. ARG, I R R R AR AT IS
B P E R =& as b M o

BEROk, il — RYVEREAS S, SCIL 10 =4 ) v ) R B kAT e
M. B, I G RE AR

o
X

(2-5)

o O O
o o
N <

o O o B+

oo_|cro.|oor:l_oo,_\o

1
IS A3 YA i e R -
0

e et r# 25 . Ra,

o

0

|
o|o

(2-6)
0

o alo
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d 0 -a 0
01 0 O
(2-7)
a 0 d o0
0O 0 0 1
PR AN S 2 FhE AR, B, Wi i e R
cosd -sind 0 O
sin@ cos@ 0 O
(2-8)
0 0 10
0 0 0 1
X e AT e . B Ja, B E e RE, SPRE R B A 0
d 0 a O
1 00 (2-9)
-a 0 d O
0O 0 0 1
1 0 0 O
0 % g 0
. (2-10)
o 2 % o
d d
0O 0 0 1
1 0 0 —-dx
0 1 0 -dy
(2-11)
0 01 -dz
0 00 1

el 2 B ORI E, R T8 [l 2 R dafr .

B, X TR T B TR, AR T I, TR e
FeJa BARRE, IR R B AR B T . ORI 2-5 Fw .

ZR EPTIR, 2 R ol AR PR AR i S = 4 () o Y SR B 1 AT
Jree IR, AR BCEA SR AT SE I, FTR 2 N TR W A
SR [ 73 5 R S0 AT VR AT 7T A
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Kl 2-5 H PNzl
FIGURE 2-5 Group addition example

2.2. 1.4 BAEEEERE

WAEFAF G 7 AR S m, —SEH T IR &Y, A
PTG 5 B ARMIR G, I8 I THE s , X AN S £ < LA w] BLEHRAT T
A 2R RAAT A R AT T

Firi e 5 P AR A2 s rd it SR 2 B AT 2 B, e v ox
FL7 BRSSO, SRBCGL R R Ak bE R, BE R AR T AR ER,
B Ja R rdkit W] LA O EEAE X,  K Gaussian TP EURBE BT B2 AR
756 rdkit Zd s 5.

R REAE bR b, SR AR BUPR 55 14 45 R R A4 PR

AP R A RSN SR ], AR P S BSR4 7, R IR SR A 44
FEHE 2 R N BT H SR R R T Ay, AR, BRIE(E B
t, LA HIRET .

IR AW 5 T m] G 5 1) 25 (414
benzene ,biphenyl ,naphthalene ,anthracene ,phenanthrene ,pyrene ,coronene ,pyridine
,pyrimidine ,pyrazine ,pyridazine ,cyclopropane ,oxirane ,cyclobutane ,cyclopentane
,cyclopentene ,cyclopentadiene ,furan ,tetrahydrofuran ,pyrrole ,thiophene ,cyclohexa
ne-chair ,cyclohexane-boat ,cycloheptane ,,,-cycloheptatriene ,cyclooctane ,cis-decali
n ,trans-decalin ,pentalene ,iso-indene ,azulene ,fluorene ,bicycloheptane ,bicycloJocta
ne ,adamantane ,fullerene

ARIAREE AL A S 4 7 T ) S8 A
ethyl,n-propyl,iso-propyl,n-butyl,tert-butyl,vinyl,ethynyl,formyl,carboxyl,formamidyl
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,hitro,nitroso,cyano,sulfonyl,thionyl,phosphonyl,mesylate,tosylate,ethyl,n-propyl,iso-
propyl,n-butyl,tert-butyl,vinyl,ethynyl,formyl,carboxyl,formamidyl,nitro,nitroso,cyan
o,sulfonyl,thionyl,phosphonyl,mesylate,tosylate

H AR S VIA SR A7 BIbR, AR SR AE 7 7 B bs, i~ B s .

HHS e EHHl#& £ HHE= A

ethyl Cc C ethynyl C———0C cyano C——N
c—=cC 0
n-propyl \ formyl C—/—0 sulfonyl \
C =0
C—=cC o]
iso-propy! \ carboxy! \ thionyl —_—0
C C—0
c—<C C—N
n-butyl \ c formamidyl K/ phosphony! —0
— 0]
C O
s 0 W\
C—-cC . _
tert-buty! nitro N\ mesylate =0
\ N—O 9
C
vinyl C C nitroso N—_——"0 tosylate c,chéj\c
Y /!
P

K 2-6 Lzl ARMCIRIL S B bR

FIGURE 2-6 A drawn icon of a non-cyclic compound

2.2. 1.5 WEEBEMA TR ZME R T
F PR3 P AT S, TR 2 T2 il R BRAR BN, BRIk 2 2
K T AR TBUR AR B S AT I, B S R P A R AL B AR B — A SOARAE,
ATV JR ST 5Bl WS, 4% enter 85, JFAH IR,
AU, ARSI PR AL R 3T R R RS, SRR e, ik e R
BATREE, BRI, R R P ECE RO P N BT B,
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e K SCAHE MM BR o
2.2. 1. 6 i& P RFINREREH

FE SR AR RSUAS 326 35 o K, ARRSSEI T B s i I 7E OpenGL TE 437 5 o
WEHEER (JFT) BThee. 2RI, I RFE EBRALEY S H AT E iy, R —
ABRAATH R R AR, BB S R BRI 1R TR

N T SEIEB IR AR SE AT AU ERAR,  FRN R A8 s BUAT 1 BA M B

i — & closest_atom RicK Y HT S FERTIERIE ()

i — N & closest_distance K10 3% 2 A fe 5E AU ERAR I Z BhEE &5 KA
EBE NG TT, MBS IR Re B A s BRIR I Z {8 .

P 737 st (BRI, A A A AN BRI 1506 /2 R 2 A L SR A2 R A
B Y RTBRIRE) Z $hPE 5 closest distance AT ELEE . WS M4 TERIRR) Z FiliiE 25
R (RIEEEERT) , JWIEEHT closest distance il closest atom.
W [ 5E A ERAR G, KT closest_atom #2753 DL . IR 1, RRHKE
FERTIIBRAA, SR 5 AR BRI B PAT AE N () #8AE Gierh BOBUH I D
X A LS 45 128 456 R BR RE W ZE SR AR AR 2R T IERA M £ i FE R BRI, M
M AR RS

g

2.2.2 §RURIEINRE
2.2.2. 1 &h§ETIRE

GRS TR, R AR B A RS N B ik b R R R
IO e g, SR A I A SR A% R ok b SR A1 3, SRR R DUSE 5
W PEEOBEAC, B DA K T A B 75 5K [R] IR A48 et e 1t AR 19 SE I EL A

BUbR A%E HH B ) D R SE I T VA AL < BRI PR AN R - £E = 4B A bR 3 T A e 4R
B MGG A5 2 e B AR A, SRR e T BT b, F BRAR A — 4
ARPR R ULHC . ESEF A T AR 7 [ ) B, PRI E R T A EIE
2 (PIAN R AL bR 77 e fr) &) AR B A SCHI T 2 75 s el Ve R ZE S AR DAY, [
A5 FH 777 1) e 1 = L ) 8 DA R A B 1 23 T ) 5 ) P S T PR P 120 R B
TR AR N o A, B Z2: TR A SR T 124, A B
FEH o
2.2.2.2 MIERETHRE

P B IR 7 VR R W SRR R A B R SRR MV Y, A IRAE, T I A
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KIE TG ARG P BE, F2, WK R 50 s SO RIS, JF G
R AR, MR AR T, Ak, an SRR e s B R b, R N ER
BAEHER, REBILENEIEEE, S S MRS I EE.

2.2.2.3 ZEEMINEE

e %, RPFAIFRA 28, JRRET 2807 mE AW A SCER T
— ol 2 0 1 T R AR SE I . (T Se it AN R T RTE S T
TEts, FHRGFIN G T BT fEse 545 B, DL (8 5 2. 28, i i A
THE S B TR 77 1a) 1) 8 DA 5 70 0o ) Js B ST THD PR [ £ (1) 1) £, P08
ER] T RIS I TT AR R E R, R AR RS TE R . )

BARSCILE RN . @ —ANES, WA, BEAIEs 11
AR T T EA—DMEEIMAES, HRELN D TMASTHIALES RE,
i ARG RN T, THEFIR G, FEFROGE IS HT TN R, I
FEMIREGBE b o SR S AL T2 R b, U B P LR R A TR L A 2 NI
WIS H SR TE O, PRI T OABAR IS B o B 1 B8, R PIAS
TIRERA A AT AR SRIGIN T n) 1) e B B ) B e, B AN TR R
7 18] B ) 5 R T T (95 1) P 3R A TR o038 o FE SR i F2
BAVEH T sympy KR FE

FRB|LIFHEM T, I, EmEn] LR, Fiknr DLE
A EEE AT R AR (O ERE E, RONR A XORMiE L R &, AT
PAULA P A M E T EAAHE R 0O o Bk, BROMRAE—AHE, BERAE
HASE . A TAEAG Iy AAE xy P X0, AT z BAbR N 0, H—A
H A NAEZE, XA PR RE T 7 MG 1. Mo T IR IO
BRI, HikmE R, FbsER I RER A N EHHEE. B3]
AT /R0 R . IEAh, A RGN 7 1) 1 1) & S B AT R — SR AR R R 0 AR bR
(77 TR S CRT DAE S 5 3R 0 I #7075 Bk 388 oy [ ) ) U » B
KA T AR B ) RN — A&, M E e S B R O AL FR LR
kAR AL %45 OpenGL 1E N ARbR RS 77 1) o
2.2.2.3.1 JRE 5 FRIZRIMNCIE

SR, XM ITEAE R T K77, BONEATA BLg B VR & HBUINE N7 1
PR X THfE 287 Mk, LA AN NG T AN TR — A
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RSB E, WMEs TRz, Bit, 52 7RO RS, FATEIR
i P A B DGR B I A A A DL R AR, R R SR TR R T (]
NARFIATE B T RAE—NET, BIIETH % e a5 70 1 i
INTTED o IXEJF TR Z AN T, BATAFTAT BEAE B I R 28 R A A
2, R IR 5y 2 R 3 CNRR R OB R BRI R 748 S5 T SR ALE
ER PO 7R &, &0 P IER 7R TR RE R, 2R sk
PEREAT RS TERE , BEXEA ARE, HRAE T MEA RS
T (1 B B, A8 53 A B A ) B AT TR B e s g A 7 AR
SRS R R R, AT TR X S R (RS Iy 1A (S R, DR RR R A
5578 3 b CUI B B0 B A A S 7 3 SRR I 20 CUM B (0 B A S
TR, H A AE F ZE MR 0 1 B I B 10 S 7 B IR A e, FRATTAS
REMMBR LB T, BEA R 5 7 35 Z i S22 30 E CMBR I BT AHIE, 34T
WAREMIERE, 5 WA B FIX PN T Z 18] KB CARRS BUAR TS Py
VORI 177 AR B A D o R)n, AR Py P AE B R B ER S
TR N 5 T T BN ST BATAHE 07, B RN T O
AR MMER 5 N 7 R R RUN T =, WO SRR RGO T, AT
B RO HE TR 52 R TAER AR T, BRERE =T, R R
Z AT BRBAT U 5. 2 Ja BATRAE— BB /N7 K - 34T 7, FE
SRR AN T BEAT SRR A B R g, A XA T S AR P s, U
JEF AL 7 T I D ARPR INBEAE B, KRR 30 B MRS TR 24, J@idixX
Tt 7 3 ATHIR RESLXH IS (1A E2 o A TN IS 57 28 03 K05 mh A B3 PO B2 (R B 45 A2
PR AT LI I Ji 1 38 s e 45 S, mPonS LA A B R g BR i B E 2, X T 2
M OE R RIBERE, Aa RIS

2.2.3 REINEE
2.2.3. 1 HIEHEMINEE
FERE PP 48 QUndoStack MU B D) fe & — WO kiR sk . BE H
JUESr TR A TR R E ORI 2, A ATT AT e 2 BT AR B e w1 2P
B, DME G oz i A AT T TARRAR?Y. X IE /& QUndoStack HIMMMEFTLE .
P AEFEAT — MBS F B E, R iR 2 B EeE . X
—iI AR BR bR AR e TR TRAEAE AR T, DB 7 R DU AT AR IS %k [l 3]
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ZARAR, XA RIS P AR K 2 R, BB SERfOR AR £
AR 7RISR ORI

2 AR — MR AR, R R R T N A L O o e, XA
IR AT DA Rt O P B e 52 AN B EE G RO P AT RAFEAT ART IS e ]
B2 HPPIRES .

S, VOGBS RE R — R B BRI . B AT LA RO ORGP T
T AL E L, RN R] DALE P B8 s s Al A T AR IR
2.2.3. 2 PR BINAE

BEXSPAI AR A AT RITh RS, Qt HHERME T QMdiArea 28, %3802E 2 U FHHEIY
i QMdiArea 2K SUVF R FEZ A S RIBEAT 0L, IF SRl AT AT A
R, Fem P IR ERCR

FE ST A AT AT R D RERT, FRATAT LUE R A QMdiArea 2 1PN
J7i%: tileSubWindows Fl cascadeSubWindows. F:H1, tileSubWindows 77752
A 7% HE A ] S E o, R ST 2 MRRAES ) T
cascadeSubWindows J7 VM 2 B4~ 1 & 11 LAE B (1) 7 A £ & L HEz . 280R
LURNE)PI
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Kl 2-7 FEiRCR R
FIGURE 2-7 Tiling effect display
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FIGURE 2-8 Cascade effect display

2.2.3.3 RFIEEThEE

WRAEREL TN RE IO T HEEI B 2] fETHENLEDE 22, ShlsE R 2 —A &
BRSBTS R R bR s AR Bl A e
Hols AR B AL ARG 325 OpenGL ALFR R AL FRE -

B, JATE LT K, AP aE TIFRALE R x AR y AR, SHAL
B x ALFRAT y AAARIX PUAN AR, AT AIARERFE TR I 22 T M AN E AR A A
IR 18 PR A A AR X Lo 38 B R B B W B 9 BG TR AR By BAGERIIAE
AN 2] o

FET R, FATE ST Wik RBORHE A O REFF . VAO TP X . A
IR AR — TG AR A —A o tds . TR (s R T
hr B AL 45 OpenGL, 1M v 7o (L LK AT s B i B . (VAO 72
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—> OpenGL Xf %, M TAFMBLHIFEIE R RPRAS . O TR Gemh X476l 1 HIEH
PO T s AR

RIG, BATE LT — N EIRECRE R . ZREE SeiEREMN X, AR5
fiH VAO. A& (L ds i /7 AT s G2 X ORI F T o FRAT 1M glDrawArrays R4
Kzl —NEHENID I . fJa, A 18 F A2 422 v bR HOR A 22 v [X o 1) BB B
TE DR %E L

PRI Wbr Rilr A . WER AR B L T, AR IR B x
AARRAN y ALFR B N BRAR AR, JERTERRIREBCE MR, RS HEIE. R)E,
FATE 5 5 B BRI A1 OpenGL B HT 21l & 171 o 24 SRR TN, TEBRARE N,
A V4 EE o

IR A AR S H AP R A, SEN BT A ARA EL I x ARBRAN y ARBR, JREAEHTSE
BRI ECRIE S0 OpenGL o HT 46 1 o
2.2.3. 4 EFEAWRMITHIETEE, BEIEHER

P deilid kb B Th e, R E SR, BRI CEE AR N2,
R FE TR RMANE, IR NEUE, % TR, RIATAE R R B R bk b
BT, AT SR A R R R, Skt R A, X
52 Qt WEMBIILEE A, 7T LLE HIEEsit, Xt sERmE, HA
F ek AR T B A R AR, D RE T LA Bh oK 75 SR Y
INHI AR
2.2.3.5 FE TMUARMarSITINEE

FH AT DAZE IR B SOASAE iy A48 %, Sl IR ik AT UL T, i
AT ENBERT T EEHFMRIEI, AR R BT A3

H AR AR e A MR A %, kP ar$, smiles A2 .
2.2.35.1 ik 4

T i 2o, P BE AT A R BN BRFHE — S JuaR A MRS B A7 J 1, AT A
IR TN, R EM BRI R, 0T ML, e A
FEAEE T E R AR, B UL, 2 ULECRY), PR AR R AR —
ASEANZR, BEfE, PR sIER, HFRE NS, KT R T B R E A
NI IR 7 R, SRR I —, RO RO RO R — AN R, 5P s
TAEFN R P AL AT — 1
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22352 khapd

e iy A IR BB BRFI MR A & —FF, XAFE T AR MR, T2 ol 2
16 H PR S BB R I NI v R T I B
2.2.3.5.3 Smiles #47%

"Smiles @2 "N —MEARTTE, HBITHLHI K5 rdkit BEHZE H 2L K
ENERIEXMIZH, BERTIHEE RS IERENE S . %7 Zr0D
WF BB PN, B, DU T RIS 2.

Yo, FPHIAR N2 B G Y rdkit BIEGEAT S SRR, X,
rdkit {E— R KIS BAC TR, REW HERA AT JT AL B H P B 1) smiles
A

HWR, 7 %nd rdkit IR BN EAREAT T U0 EE . 1X — 2D BRI S 32 AR
TIEMZE AL, 8 Ho 2 AT 2 % BoRSERRE QT KR
AR B 454 o

5, AT B0 7 R I07 XWAIR T 1 2. B 7 I DAfEdr
AT R BB smiles A4, F IS AEREE ] smiles A 205 7E L il ST E
AR PR A smiles, MK smiles AR A>T EBUE R T b . thoh, A8
S ) smiles f N\ SHHRAL T FahHN smiles ARIERE, B DH5R T
VEI REHEANE M .

"Smiles iy "7 ZE MBI IT SRBL, WA P IREE T — MRk, R
HH PR A 2245 B AL 7 =

KL AT O AT R O AR E S TiaE. P IEEZ T Clrl+ Tab
PREESAE T (B V)R R NSEBLILThRE, 3T — 408 switch_focus ]
T3, ZJTFEARYE AT E DR RS VIR T T .

AEE RV R B MERY T, RS T B S IRE T IR KNI RE . AE
switch_focus J7iEH, FAGE 7 & RGO T HRAMERES . R, JRAEH

FRAk a3 AE
ik R AR R — B DAY, FABL T switch focus 77¥2, HHAEEIR
F—NES)E DN EOE S TS E . I E switch focus 7 iEFISINEIA K
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BT AR T, R A SR E R T4 0.

L S (RS BUR SUR T FR P e A B S MR I 0 T A%, T L
TP T M ZERRATIEORE e, P A LM 2E S 4 T 4 R
BTV TR 5 75 12 BT U e, AT T A B 2 S T 2
%,
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L.

AR AR A A A AT Rt LB AT 13— 2D BT, S T A R Sk
S HERRDhEE, A 7 RAES I, 80T 2 E O BRI 2 2
SRR A S T RE o BRI SEIE RN My, AR AE S PPN R A T AT
A T RFRIRTT,  BENS S A M AL Ak S BT FT AU ) 7 AR 2 BT 7 K

ARSI T TAEAIRTE 1 BT (e S AR M DAk g, toviE—2b
It e PRt 7 BRI ik o AROR AT AR SEARAC AN PR, B D in 58 2 1) 2k (4]
W, SCRFEEZ ISCIR NEESE, DL IR 55 AL A0 TE I 75 22

BJi s AR SCHTIF R AL AR, AU AT DAL S0 7 R {1 SR AT
g, WO RN B S U S BRI T S AN A
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