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Prediction of Chemical Bond Dissociation Energies of Small
Organic Molecules Based on Random Forest
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(Henan Engineering Research Center of Industrial Circulating Water Treatment ,

College of Chemistry and Molecular Sciences, Henan University, Kaifeng 475004, China)

Abstract 1208 organic molecules containing C, H, O, N, and S were manually collected from the iBonD organic
bond energy database, and the corresponding experimental bond dissociation energy values were recorded. Chemical
bond type descriptors, heteroatomic count descriptors, and branch descriptors were proposed and combined with
previously suggested atomic type descriptors to provide a more comprehensive description of the surrounding
environment of the target chemical bond. The prediction models for bond dissociation energy were constructed using
random forest, and the results show that the combination of the descriptors of atomic types and chemical bond types
around the target chemical bond achieves the best prediction results, and satisfactory results were obtained without
quantum chemistry assistance. Compared with the results in published literature, the predicted results herein are
better than the corresponding results in the literature. In addition, an algorithm on the application domain was
designed to assess the quality of prediction results in advance, and the training set and the test set were randomly
re-partitioned to verify the stability of the model, as well as the feasibility of the model was evaluated by comparing it
with a zero model.
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A2 5 0 T B AT W 242 R A AL 2R e AL A% O B2, T BB A% 25 E (Bond dissociation energy , BDE)
VR SRR 7 S B ) S R A, RT3k 2 SOWATLEE | B F Ak 2 SO, A SRR W) o 1 PN T T
HAREEZE L B, SHHE S aerrss H 2238 2, MbLas > 5 i R o H oAl B R AR IR A AR
UL T 0T B i 2 R A TS, G0 Meng 557 1 FLAR - > Jy W F00 1 4% Al S A 1R RN AU R 2%
WMEE Y C—N Y BDE; Gou % T SCHRIG R Al it b A5G 3) 7 — S REM R S ik 2 A%
PEAE , AEDLIEAh EAEE T — AN TN S AR B8 BE AU AILER - S AR 5 Raza S50 (1 FH Z FIHLAS 2% 2 S0k (L HE B
BLARAK, BRI | B/ INAESHE O A B SE - [ ) 50l T C—F %9 BDE ; Yu 55 L&
SRR ERFE (Y BDE , HAR RIS TAI OGO S A B FERE A VR D AR ST, YER N 1 C=0 1) BDE.
SR, 5 R BRI, T fb 7 S 2 R Bk A Ikt aa, mARSEge & |
TR AR SRR, X520 T 25 R r R P

HISC SR T ANV N T C—H RS2 BDE AR, @it & b2 509 BDE (R4 B A8 i BEALAR
#R(Random Forest, RF) A, 15 5 T &5 4/ S5 BDE B Z5 5 . FEbBent |, AT T 450 FR1E
FERTT, FPRZ B4 B A 4 AN & S A2 B R i 2 e 00, 7R R A58 BDE (L B 1%
LT, 5 AR BEALARAR . it fe/ N — IR SRl i ML ST T A AN O & A AL H ) 555 BDE (H
FIAR Y
1 HHERAZE
1.1 #iE&E

BDE (854 K U5 iBonD A HLAY HERE SR 2 >0 MIZ B 4 b s 17 1208 1~ C, H, O, NAIS
SRS A DN, A A — M2 B O 8 R—H) 195550 BDE. O T8 DR PEAL 25 R 1 m] ¢
P, B4 1Y HOBR s AR B ALK 23 A I SRR FNINAAE , B 966 MEG W HITEIIZREE , 242 MEE
FAVEI R .
12 HRFIFE
12,1 FEALERAM  RAIBEVLRAR(H RART 4. 2. 2 A A BEDLAR AR ZE SEB0) S vy T Ly B . &
S BRI A SR B, BRSO , 5 2t 85 S P AT [l DAY 000 45 2 ) PS4 (.
A T RENLARARES & T AR R 9 T 25 5, DR 5 b SR Il R A B s A e i 1. BBt
AR ILEA 27 MR R AR . BORNTT S b g, DRIz T8 Rl e S 155
HL IRl BEHLERR R R AR AN AE S UESE AP I 2R | 38 1ok BEAIL Ve R A 0728 B ofe i 0 1 30 2ot 401
HL RIS R A 1000 A4 A, FUE S E A ERIAME . Proximity ZFEHLAM N B 1 — 1 Thag, HT
THE A Z [ B ARBLRE , e SCRPRASFEAS YR A Ta)— i s RS LIRS B . ] L, axX Al
AL TS ] ISP T B AT LR AR R IR A
122 &/ =7 s/ 3 (Partial least squares, PLS)J&—F&E S i Zoeae it M ik, & F L
G35 TR Z2 T Z M IR I A 45 6, DS PR R 3 PR e T s i P A A S AR 2021 AR S PLS BV A
Weka /4 (3. 8. 6 A ) Fhac B2,
123 xFmEN  ZFEEEHL(Support vector machine, SVM )& —Fp B (2= S B3k, Bl U F40
el ()R, SVM i 1 5 | A sREOR AL B AN T 2 85 , 38 DK B e 2 S i s (el vh (45
FE e 23 (8] H 2 M AN AT 43 B B8 26 8T 1 25 ] rh AR AR R M AT 433 AR SO SVMLAE Weka 31 (3. 8. 6 i)
A sEE.
1.3 i

TEE RO R, HEARRF IR IR OCH 2> (2= B A 25 e 5 H R R S 10 2% I -
23 [ 2B L 5t 2 AU ANAL 2 S R DL K T J P R A R A OG22 (R I AS BIF T S R TR 7 AR 454
FEOERGARAT , FH T S00000 A 25 B ) ik B
1.3.1 ZFEFHERE HEABIEEDT, 5460, NAS I N ETF (A MENIESEIRT). g
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—ALE R AT TP AFTE AR R, S R A A S R BT RE L T L2 I B A S B X
ffF B REME A SE M BOR . it , BET RS, E X — 2R 20RO E N IR ST 58— 2 &
OEF, BEEPOEFHINEE AL, -, BaZSPOIEFHINEE I a-1. BRI, 2275
(Heteroatomic count, HC)FRAF AL AT LA AL ] 1 7R (049 3n JER IR AT, Horpn 25k

(6]
n n /‘—_——
( :' £

J
Y

n layers

Fig. 1 Diagram of composition of the heteroatomic Fig. 2 Diagram of layers around a center atom

count descriptors

PAEL 2 R 897378 (0 HC SR AT A LR AR = 231 B — 2 D9 HoL Js7 (2 i B AR R A — 4 S Ji
T, BV =AM 15 5 2 (MDA — DRI T, B I RART 8 15 25 =)= (i (U
) A& — AT, BIER-LAN NIRRTy 15 2R 002 (SR @M BaA 205 75 28 2 & A ER T,
BIES I3RS R 2. A RS £ 1.

Table 1 Heteroatomic Count descriptors of the molecule in Fig.2

Descriptor number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Layer number 1 1 1 2 2 2 3 3 3 4 4 4 5 5 5
Corresponding heteroatom (0] N S 0 N S 0] N S S
HC descriptors 0 0 1 0 1 0 1 0 0 0 0 0 2 0

132 A E s SRR E RN S — DEEHNR, 5 MRS —EEE
B VIR G, i, SR B — 2 AR S T B 0 SO (Branch) IR 4T, AR 25—l ik
PO RO TR ME R O 1 AR S RO, JHRIEHE . th T ARG, nJZH AL IR
P n=14E. LIEI2 900, LAZL R N e 5T o i1, SR — 2 R i R B il 1 e st 14>
RS LR, BIEE— R O 25 KIS, 50 AR T8 25 58 = NIRRT 2; B DA i ik
1504 4.

133 ¥ REFAAHALF SAREH " Z RS0 T C—H A T 2R B RARTF ML, A
SCHLR YR T2 7 (Modified atomic type, MAT) #fi i #4557 . MAT #5875 & i sl -2
(Atomic type, AT) AR JRAFHNR . AT R AT 507 2RBUAS 7~ A 940+ MBS BT A AR 6 4, 4k
U T ARSI A PO T R A4 452 D R B R B R A . AR AS B A T AL S I R ZE R R E X
T32FhET2RA, HEICER (0, N, S, C) | &FEEE H 740 A H 720w 5 HE R (RS WA SO
FED . AR, FSC R S A A B A S RESEA T TR, W T U T A, RITEAE B MAT I
XA 2R R AR R T A Rt A2 BOZ R T B MAT F IR AT . A SCIF 9T X 52 A S Ak 2 S 0 i i
AE, 1ML 2 MERUR T T A B MAT #A4T, ™2 T 2 MAT R AT 2 HE P A .
I, & T ARSEHERY 2 T A MAT SR AT D0 SC 2PN WRN « kT i B A FELT B 2R 1k~
TIRFHE IR T | SLEF MAT AT th KB/ N THER .

H it B — 2 i R T 0 32 I 2R BIAG B 32 IR LRE, PTRER a2, A O R R AR
320 MHIALT . 21 3 32 ARG — 2 (MG O ), IR s 2R R R AT 15 26 33 3]
64 AR AR — )2 (5O TR MERED 1RYET) s SRR iz 28 2 R0 s 20, MRk
fE. B2 3248, WIHZHIT 160 4E.

TE 32 bt 72 A rh, BROY A PR MR R R IR R Ah , RGIAFME R . SR, 5t Jl Rl A 0 i A
R/NESCW BDE RN ZR . NI, 75 AT AT AR E, 0T 20 4S8 A £ sk s fhus I
FHEM = e B - e B, BRO MAT. [AIAE, MAT H#5RFF (0 45 mT LA &4k A 81 3 7 1)
32n+20 JERYFIAFT .
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VI 2 M), 43F56— 2 (LR ) 1 51228 h—S—; 25 2 (AR ) 82880 =N—
FI>CH,; 5 = )2 (e ml ) i1 I 1258 —0—F=CH—; FHIUZE MR T8 >C=; )21 RT
A f—CH, F1=0.

32 atomic types 20 descriptors

NEESEN - - HIESEN - e
L )

Y
n layers

Atom in rings

Fig. 3 Diagram of composition of atomic type descriptors

134 4 RAFHEAR RS BRI T Q0= AR 2 BRI T, [CHAR T I 7257 (MAT$5550).

N TR A A R, A SR T R TURGAR ST . AR AL S A iR SR T 28
AMEAFEESEHY (Bond type, BT) , FRF & 8Bk 258 O BCRAE M HEIBRAF (WA SR E ). HIEFHiR
FEEIR], A2 SRR AT R I T B 2R TR O 2= B T R MR B8 (B )2 880 i 2B e 5k, RV
ANEEA B 28n MEIRAT . AR, n R A2 R A 2 5. A, 78 BT RARAF A LA F, 39 m 1 20 1558r
O RSNt Y N NN e 25 3T X 1 R v 7 ) iy w2 N9 Tt QM & Sl [ & 3 [ OE 1 By o A W E T e v
Y (Modified bond type, MBT) IR . MBT H#EIRAF AL AT AR A6 A 1] 4 IS (1) 28n+20 4EAIATT .

28 bond types 20 descriptors
HEESEN - - HNESEE - JEE=AN
\ )
! Bond in rings
n layers

Fig. 4 Diagram of composition of bond type descriptors

PLIEL 5 i), %00 45— 2 (LB A 1D C—o 4k, 55 =2 CEGRE) Ky 24> C—C R 14
N—O f#, 5 =2 (@l ) k2 4~ C—O sF 24~
N=0 %, 502 (ZEBE ) K2~ N—0 8, F i
24 N=0, DX S 5ot iE iz 71

MBT A7 .
135 HAB#i & K HCHIARF . MAT # A #F R
FIMBT AL 4 B HAFFRR Hy HAB HIA R, o e
A DL AR R 6 I 7R 1Y 2% (3n432n420) +28n+20= Fig. 5 Diagram of layers around a center bond
98n+60 4EFHIRTT .
3n+32n+20 3n+32n+20 28n+20
s NIEEIAN - WNESEN - NNEEEN
HC+MAT of atom A HC+MAT of atom B MBT

Fig. 6 Composition diagram of the HAB descriptor
N T PR A S AR, R Java TR T AR .
2 HBRTUE

2.1 E-THEHFZRME BDE Fil

FHBENLAAR, T F RS HGA S E ST QSPRAEEY , 3 4 31| 2R 114 58 IR iE A i 4 1 5
W25 TR HL AR Y P RE
2.1.1  #F HC #0 Branch 4 3£ £ 8 BDE #1563 F HC(3nx2) Ml Branch (n—1)x2 i i 5, {1 F RF
FA AR R T B 4 Ak 2458 1 BDE. 4 n=S i), $RFFAOECEN 38, WG VIR LA BENLARAK, fH
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1 OOB S UEXI I GRAEHEA T34 , SRR IR S S I RO GEA T B0 , 252 L3k 2.

Table 2 BDE prediction results based on different descriptors

Training set( cross-validation ) Test set

RYMAE/RMSE/(keal-mol™)" R’ MAE/RMSE/(keal-mol™)

Descriptors/Number of descriptors

HC+Branch/38 0.6860/7.68/11.79 0.7904/8.89/13.03
MAT/360 0.8675/5.82/9.72 0.8755/5.99/10.18
HC+Branch+MAT/398 0.8874/5.45/8.96 0.8709/6.34/10.27
MBT/160 0.8719/5.73/9.54 0.8699/6.22/10.31
HC+Branch+MBT/198 0.8891/5.34/8.88 0.8915/5.86/9.48
MAT+MBT/520 0.8894/5.22/8.88 0.8935/5.38/9.35
HAB/550 0.8977/4.96/8.53 0.8980/5.28/9.17
Branch+HAB/558 0.8963/5.13/8.60 0.8920/5.63/9.41

* 1 keal~4185. 85 J.

d 2 2 a0, YIZREn T 25 57l R*=0. 6860, MAE=7. 68 kcal/mol, RMSE=11. 79 kcal/mol; %}
A, R=0.7904, MAE=8. 89 kcal/mol, RMSE=13. 03 kcal/mol. AJ ., #iAY%t BDE FFUGE 14522, X
J& K2R HC Al Branch #8557 G I HE 1L &9 T S5 4RAE B9 4y, DR TR 25 ] A 23T 7 Aifk
SR SRR R AR E AR B T fE
2.1.2 T MAT # 3R 4 89 BDE FUll  J3EF MATFRFF, K RF F4 S A5 50 35 0 55 45 48 Ak & 90 16
BDE. n=50}, MATHGARFAIECE F 360. TINAS R A2 2 s, XFIIZR%E , R°=0. 8675, MAE=5. 82
keal/mol, RMSE=9. 72 kcal/mol; X} Fll3£4E , R*=0. 8755, MAE=5. 99 kcal/mol, RMSE=10. 18 kcal/mol.
2SR BT 2. 1 1SS R, XA MAT HGRAF G, 478 1 % dot J5 1 Bl 4% 2 19 R 7
RAPHGA , XU R 2RAUE 00 BDE () — A E 2 H .

213 T MBTH# R AF 8 BDE W S 7 X80 4 Ak 59 B9 RRIE T 7 8 58 20 ik, R A Ak~
FHARFF (MBT) R EE AR . XY n=5 ], MBT iR FF A9 EE " 160. FUNES SR UNZR 2 R, X FIIZR4EE,
R?=0. 8719, MAE=5. 73 kcal/mol, RMSE=9. 54 kcal/mol; X} FMi®{4E, R*=0. 8699, MAE=6. 22 kcal/mol,
RMSE=10. 31 keal/mol. 1258 BFMNLE . HRET MAT #5A R (O FAS 45 Ty, (Eat A A T 45 SR 4 mes
25 XU AL SRR [R) 252 BDE IS 32— [FIEF, BT MAT Bt 1 s 45 R R AE T
MBT [z 1 Ab~# S A RRAE , AU 25 A M E , (R ARG = A TR, 3K IR 38 D455 AT RE 0 4 b Sz ke
ERaN e O RUETS:

2.1.4 Z£FHC, MAT ## MBT 41 &34 3 45t BDE #1  %}5E:F HC, Branch, MAT F1 MBT 4 &5 R 7 )
MR EAT 7558, WS R ANZE 2 BroR , (i F HAB 5 iR 25 dEp a4 A, I 248 19 T 45 51
R*=0. 8977, MAE=4. 96 kcal/mol, RMSE=8. 53 kcal/mol; M= £ Y 710 2% S A R*=0. 8980, MAE=5. 28
kcal/mol, RMSE=9. 17 keal/mol. X5t FH HC R4, MAT #8455 F1 MBT #1857 25 4 REXT 1L A W (0 4R AE
AT SERE AR , ARAT B 4T T 25

R T 20 S A FH HAB SRR a5 2 (G TN 25 5%, TIN5 S 06 (A ) B0 T DA B TS
S FINME R 2 B RO AN L 7 s

K7 (A)F1(B) 25 AL B, I ZRAR AN AR () S 361655 00 i 2 ) 52 A o3 AR AR O 1 A DG R 2K
R*~0.90. TEYNZAEFMEREE T, KR EE 1R 22 5B7E 0 keal/mol BT, I H A /INH43>20 keal/mol
YIRS H A T8 115225 >80 keal/mol , AR Fh A — NI 115225 >80 keal/mol. X — 45 S 150 I A5
RUXT T2 ST A A P T 25 R %2 A

RT LR ST ARSI YRR A TR . XGRS IE, A5 2]
I ZE R . % T4, MAE=38. 08 kcal/mol, RMSE=54. 74 kcal/mol; Xf T-illi{ £ , MAE=36. 53
kcal/mol, RMSE=51. 64 kcal/mol. @132 i, sS4 Fn i 25 R 40 i 0 T2 B0, 130 W] BT 2 57 i A 7Y
HAAAA k.
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Fig. 7 Graphs of prediction results modeled using HAB descriptors
(A) Scatter plot of experimental and predicted values of the training set; (B) scatter plots of experimental and predicted values
for the test set; (C) scatter plot of the error between experimental and predicted values of the training set ; (D) scatter plot of the

error between the experimental and predicted values of the test set.

22 R EHIHMEE ARG

MAT I MBT $#5 3R FFERACH T )2 50, PR O R F-H AR A 2 5806 AT BEsE A TR ) . 4 il 5E
DR JE B HE S 355 6 F17 J28F B9 MAT+MBT, HAB Fil HAB+Branch R FF 845, 5 5 2R 250
BB T T . o, BB R AR N BR T IR AT 5 o BEALAR AR N, G5 ANER 3 .
FIGERERW], RA HAB IR FF A THAAS BN 45 R e, HAH 52 . 6 )21 7 2 HAB RARFF AR 11
TNEE AR TG . G, (S ZHOARFETY MAE A, 4. 95 keal/mol ; T FH7SJZHiA AT
fF, IR T BN R AT RMSE {8 ; XA 7, ] 5 )2 /R FF I ZR4E (% R*, MAE, RMSE #B3{LT
6)ZHT)Z . FIRIZEE 2 AR I b S e B2 A, (ER TN 45 S I R B A5 )2 E s hnnm eless . X n]
FE 2 R R 3 5 vt B BRBE 6 BDE 2R /)N, 1 200 0 5 7228 i i 45 Bl 38 5, BRAIR 1 ASE 7R A 1) i
I3, FERA TR ZILFEE MmN, RARRE S PSSR . RS A S OU T, Gl R A A RGASE, i
EN TS IR =

Table 3 Prediction results of different description layers BDE based on RF

Descriptors/Number of Training set( cross-validation) Test set
descriptors/Number of layers RYMAE/RMSE/(kcal-mol ™) RYMAE/RMSE/(kcal-mol™)

MAT+MBT/352/5 0.8886/5.24/8.91 0.8919/5.42/9.43
MAT+MBT/403/6 0.8895/5.24/8.91 0.8903/5.41/9.48
MAT+MBT/449/7 0.8890/5.26/8.88 0.8891/5.50/9.55
HAB/379/5 0.8988/4.95/8.48 0.8977/5.31/9.17
HAB/434/6 0.8992/4.97/8.47 0.8956/5.34/9.28
HAB/484/7 0.8987/4.97/8.49 0.8957/5.33/9.26
HAB+Branch/387/5 0.8973/5.08/8.56 0.8930/5.57/9.36
HAB+Branch/444/6 0.8955/5.19/8.63 0.8905/5.65/9.45
HAB+Branch/496/7 0.8977/5.16/8.55 0.8918/5.63/9.42
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2.3 N

I I (Application domain, AD)J&fb2#%5 [B]H i — N BRIS Xk, o AS B A A R 1T LA S AL 5
A i SO ST o 250 5] A RIS B R sm AL a4 2% 2T A () QSPR LAY (R SR . TR LA 2
SRR, I R AR AT LA B Lk R R R DR A () 25 A R 5 A AR AR DX R A T 3 350 Y90
ZERE R IAESL . MW —A B, il A3 1 N AR AL BT HERR NS & AL A REAR, [RIAEA B
T e A R R 2

FEFBEHLARARIG Proximity DI RETHEE—A Bk i 28 BRI AR AR S I Gl b Bir A (S AR U, IF:
FEFEA SN A AR R 2= B AL B A e S UNZRER ROARARLRE . An SR MRS I ZREE b i — 4>
2B HGA R 2 AR, WA b B Y 08 ARl —A i, BD WA 1 A REA
IAATE NG — 13 S AL A 0. JEF 1, AR A Hh R AR S5 )1 SR B AR BLUEE SR G2 1 BDE il
DB IRZE, DA SCRETR ) R 3K

SR Ay HITEE TR 526 )2 HAB AR AR I IR, L5534, MARUE>0. 91T,
TRZEAYHIN 2. 77 F12. 44 keal/mol ; AHRLEELE 0. 9~0. 7 Z [8] ({3522 4 3. 65 Fl14. 75 keal/mol , F48F MK
BRI MAE. YAHUEETE 0. 5~0. 3 Z [A1F1 0. 3~0 Z [A]If, 1524 B B 22 TR AR AR A 45 5% . /T LU
W RS L SYIZREE AL R AR , AR (R 0 45 SR 22 . 3T b mT LRI, AHALEE>0. 9 Y
SEOON LTS TN EE A, ARUBE<O. 3 B R AN Al SE BTSSR . o] I, o] DA i S 25 A
ECTRNGE AJRRAS B T RE 77, DT PG HE SR 1T B8 00N 22 K (R A2, B8 rm A 700 %) 300

Table 4 Error under different proximities

Proximity >0.9 0.9—0.7 0.7—0.5 0.5—0.3 0.3—0
(5 layers)MAE (Number of compounds ) 2.77(46) 3.65(49) 5.31(78) 5.81(53) 8.83(16)
(6 layers)MAE(Number of compounds ) 2.44(28) 4.75(60) 4.00(82) 6.00(56) 7.52(16)

24 E-THMWYIEE 7% BDE il

53 R P e /N 3 A S e ) s LA TR, FH T BDE S 5GHE
241 HETR&/AZFANBDE TN FF LR A HABHEIRFFE N PLS B, RAVIZER =I5
NEEAEEE T PLS H 32 40 B06 BDE T (4 520, 00 25 581 F 3% S3 (WA SCSZH 55 ). i s3ml
UL, YIZREE R R AE 0. 8250~0. 8573 keal/mol Z[H], H: MAE 7£ 6. 49~7. 56 kcal/mol Z [11], RMSE 7£ 10. 16~
11. 15 keal/mol Z [a] ; MR 5 1Y R27E 0. 8143~0. 8403 kcal/mol 22 ], MAE 7E 6. 80~8. 17 kcal/mol 22 [H] ,
RMSE 7E 11. 15 kecal/mol F112. 22 kcal/mol Z [R] . 3% SE ¥ 45 JE 15 22 F FLF HAB H5 3R 5 (8 F RF 2245511
Z50%, WE/R BDEH S HARRF 2 M A 248 AT RSt inFi .
242 HE T I FHFwEN AN BDE M T HABFEIRFF & 7 SVM LAY, H b A% R E50CR FH nu-svr
(vegression) , PEAPERE G i FERI S B A0 C=700, Gamma=0. 03. J&F AR, JIIZRAE R =338 LK
TE 45 B R=0. 8738, MAE=5. 39 kcal/mol, RMSE=9. 46 kcal/mol; iz £ f%) T ) 45 1 &y R*=0. 8781,
MAE=5. 35 kcal/mol, RMSE=9. 73 kcal/mol. Z553H], SVM to 2 —Fh 47 () Flil BDE {H i HLAR 2= > T
2, S gs 4T PLS. {25 RF BB ZE RAR L, (8 FH SVM AR 8 I 2R A2 S b R 48 iy Foi
SEILINE 2% , X AT RESE T RENLARPRAE B - A AL 25 2 ] B 25 R AR AL T 3K
25 ETFXHIEIEEER

R T 5 SCHER 33 IAE RS T LA, R A8 8 i e B F M 25 4k 2SR AR b 5 AR SCA
[ T2, 350 C—C . 3k 46 M EHRAE N AWF5E b C—C B RMIRAE , 4k 1) C—CH1E I 25
£ 153 A IR A T 45 A0 F : R°=0. 8522, MAE=5. 47 kcal/mol, RMSE=7. 62 kcal/mol. 1 i%x6{k 4
WIAESCHR 33 THh B TN 45 5 R R*=0. 8176, MAE=6. 93 kcal/mol, RMSE=8. 62 kcal/mol. AJ I, 7 SC T3l
SERA T SCHIRES IR, R T AR AT A Tk
2.6 EBIFRE MR IE

AT BRI A RS E T, FETREALIR A TN ZREE AR . R R S 4 1B P RO AR 4y
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} 966 ML AP I ZREEFN 242 ML AWK AE . LT 5 )2 HAB SR (60 FH RF #4153 (1 751
LRI« YN RTIZE 54 R*=0. 9009, MAE=4. 92 kcal/mol, RMSE=8. 48 kcal/mol; {4 it 75
255 R*=0. 8837, MAE=5. 60 kcal/mol, RMSE=9. 47 kcal/mol. 5 JFU#5BIAH LL I 25 S 45 S ms A 12 55
DA 25 R AR [, 0 B ERT R AL 0] 3 S )1 2 8 R R XS AL A 2 e K, TERH AR AL AR e
PE. FEICIERE I, E— 2 A RN [R5 AL 1 BDE TN GE ), 255 N3k S s .

Table 5 Results of BDE for different bonds based on RF

Chemical bond type

Training set( cross-validation )

Test set

(Number of compounds ) K MAE/RMSE/(kcal-mol™) MAE/RMSE/(kcal-mol ")
0—0(93) 0.6398/0.4617 1.95/3.47 2.00/4.24
0—N(127) 0.7211/0.8494 5.16/9.96 6.45/8.74
0—S(23) 0.2616/0.9193 11.32/13.80 13.55/16.37
0—C(216) 0.8946/0.7837 5.08/7.68 6.03/12.50
N—N(91) 0.6582/0.6442 3.78/7.39 5.28/8.70
N—S(14) 0.3065/0.2564 5.46/9.22 4.66/4.91
N—C(142) 0.8498/0.8426 5.72/8.33 6.57/9.26
S—s(16) 0.2072/0.6208 11.03/13.60 12.72/13.56
S—C(90) 0.7891/0.6365 4.22/7.48 5.09/9.96
C—C(396) 0.7623/0.7979 4.97/8.98 5.07/8.09

i 2 S Al T, C—C 4 I 25 4 AY TN 25 S MAE=4. 97 keal/mol; O—C % i)I| 2k 5 9 T 45 5
MAE=5. 08 kcal/mol, #2231 B AARKHE A2 A0 TN 25 2 . 302 M R C—C B A O—C St AE B 4 b o Lt
%, SRl 32. 78% 1 17. 88%, RILXT SATINZE R it K. FERTA R, O—O0 BERiRZEH/),
YRR MAE=1. 95 kcal/mol ; N—N i Fl S—C S TR 25 St L AL AR T 25 58, D0 BHIZ BRI 31X 3 F
SR BDE A TN BB 7 548 . T O—S 8, N—SHEERI S—SHEMIR ZE i K, XZ A B TFEAS B K
fiK, /)& 23, 14 F1 164>, T EERBIITREAS 2% 2 RIS FRIE R, T RE 14022 . Aok hE
W25 SHRBIA B A 3R, FA BT B IR Bt B T g

3 &

VA B it 25 SOW A TS A 1 5T, BDE X T3/ 2 A B 8 G H B, angg Wi B kit e
FG PR . ST ibss | REERIE 2SI K S5 2SR 9T A Bk, 35T BDE £di T
DLR RS R F T A dE | B A I RN iR AR R A B T A5 R . AR SCEE T MATHIR ST . HC ik
¥ MBT#{3R4F . Branch ffiifi £ DL & HAB # R4, fif I RF B2 LAV T 16591 BDE. 4558389,
{87 FH HAB i R A5 2 0 000 285 SR dpe . iAo 5 SCRRAE (B FL A, T AR ST 485 AR F SCaik o
SEUL AN, AL S E R, A B TR AR R A A M T EE ) . 38R PLS Al
SVM &y, TALHY , SVM AR 45 LT PLS, {H25 T RF RYEAEZE SR . o4 R id I % v W 1 v
FEH B oo E (A& EE) ik A8, ARk EEA B 280 SIbA W BDE Bl & %%, ¥ Bh T2
PR Y T i

X #1z & W http://www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20240373.
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