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Abstract

This paper aims to build a prediction model to optimize the prediction accuracy of future Nobel
Prize winners in chemistry by deeply analyzing the data of all Nobel Prize winners in chemistry and
their research achievements between 1901 and 2023, applying a variety of machine learning algo-
rithms. During the study, we not only collected data on positive samples (Nobel Prize winners in
chemistry), but also constructed a negative sample dataset (Wolf Prize winners in Chemistry but no
Nobel Prize winners in chemistry). Through the comparative analysis of interdisciplinary awards,
the development and application of machine learning models, and the visual presentation, the
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possible future Nobel Prize winners in chemistry were predicted: Shankar Balasubramanian, Rob-
erto Car, Vladimir P. Torchilin. This study provides a new perspective for understanding the selec-
tion mechanism of the Nobel Prize in Chemistry and the academic background of the winners.
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2. fARGE
2.1. HIEBESmAE
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2.2. BIRREES

FEER IR AR T, FATh s APk, SIS R FE R . B AR P R . BARTT E
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1) £H: ETRRF U HSPRERFME AR, AEREERER AR E %,

2) SHFHRAE: T IE R, R HT AP RIEEAT HA S, Mo T8 3051 B Rskk,
VU ASf FH 2% ST A PR T~ BB AT SRR

3) FaffEfl: XELLATEPATIREM R, B RS RAL A AR — B, AT 3 i 5 820 B0 2tk

4) Gih: Ko RARRFEACNEUETE I, 8 RIS S BN AR50 8 R S L ES 2 S B mT iR
.

RAAGBICUT XA F AR, anthd)s S FRAEERS, BIPIfm v DURMES: PR AR PR
MR RS0 AR, RISREE RRINIE TR RS SINsEm )y, RIS IMAE AR S 15
Wi 77, 38 HAREHR1]-[3]; Fr e, BIERRHE w2 I B A At 57 R IRE i 70 AR Skt
HISRAE ) 2ARERAL, nbe . R BEIU A BFFCRCR AR A, RIER 2 R R IS BRI T R
FUBRAI IS (][RI Ff ;s BRI FRAH WE TS, WAL, TEhUL? . MBS, w46
st TBOAL s MORMESE . IS S, DLURAE [ PR & 1 A B 8 R 5 A PR e AF I H .

3. G E

N T ARTER ARG VR 2B AR AR O TS B, AT FER A 1 TG B 27 51 5 BB 2 ST (R
o ) PR IREAT TN o AETC MR S 21 U5 T ASWE T M SR K2 M 18l (Hierarchical Analysis Diagram,
HAD), #8758 1 A [FISREE 8] 1 RIS J2 i by O EDVLER A i DUR A2 22 R B0 A S R AIE 2% AR 32
T AN TR WA B A T, IR T TR 7 S AL REAT VE BEIC, 38 R AN R AR R A R ) L
B BTG Y il BT AT SURAE SR A Y, IR AE LA E S AR B A S DA SR

3.1. BRSrERaE

FERGIRJZ o A IR A o, BRATTE St v DURAG 22 5 1 IR P B ORI A . W T8 s [
K PERSE. PR AR KA DU S0 70 R BRI A I (8] R B SV 0 G e i, bR, R
T B _L(Bottom-up) ¥ J2 R KTT %, HISRRT BORK A A3 238 W SR — MR, IR K 40 s Fr) B
BRI, WG, SMEIEE ), BRAIFIEERAL N, HERIPA RREE R a2 —
MRIEZH . R, B RIS IR R S AR SET R Z R R BT R AR B
TZ SRR [ e 38 = IR

N T BEUARZ R S BRARSRRE R, ARG TR RS X E R T 5=
T AR BEAR R R G T A BRI g, 3R IR T SR R P 7 A AR R o B R
Pef . b, Oy 7Rt b sR R R A B AT SR 7T, AW FCIEAE B TR RRTE 1A R IR S
FAR TR SR LR R4, DA 3 e S B 17 A v DL/R A 252 23R8 3 AR 1 P A 2L 20 20 R
AR

SRR R R AT AW TR R T VRS2 R 2 [ 2 2 ORI, W0 Jm 8 Tt
BB S BEE T R SE B

3.2. REUGEFES IS

AT FURNIRYS 1 L 7 S BORAET DR ARG TN A R, BARIEI T C4.5 IR A
U AR R UA L SRR AR AL DL 0 T A R FR I ISR £ 00 28 S5 T A 7 SRRV AT i e A
Mo BEXIRE— RS, HSEEL T AR Python AURY, JRil R MBS IMACEIESEL JIRELS E R
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1) C4.5 YR WA O AE T3 B 1 o LU IR AR v, o DU/RAG 3249 3 i 208 P R AL 5 B il
PECUNEFE . PR, JAIEEE), A ESLE WIS oI HE. SREFERSE), C4.5 PSRN BEEE [FI Ak
PUX PR AR R @Y, TORRAS R PAL AP IR, (AR BN RIS RIS . HAZ AR Y BRI L7 b Ak B B 2R 4
i, PRIERAY St

2) AhER DU TR R IE SR A B, TH AR S T IR IR, RTS8 L A S, TR
R AR SRR A B AR Ak, R A B R B BB AR R BAEARR T, IEREAR(RD
W DR 2245 ) 5 FAFEAR IR IR AL 22203 F) BB AR RO ZE R o A aR LIS L A Ab B 200 A
P A SR N R R A, BB AT R R D BRI I REAS, 30T PRI A R (1) i DURM 2 243 4R
HE,

3) AR FHRRRMTHE, A — DA R, DA A T 8 T 5 — ke 250
OMEZ, Ff 2 — IR, 7T LB AR A AR TN S5 SR R R . BN SRig BEROER, AR AR
&, Ao G, Bem R ER T R

4) SCHFFMEAL[4]: B FHR AT, AEASAN R S A A s 2 T 1) 8] B B e oK, AT S B3 2
HE o SCRE BN TR ANREAS . JRZME S 4ERE 2R ) UG A R, mT AR v DURE 2 43
XECH RS, BRIz AR B A AR

5) WP BRZ PR ML HEINE . PN FRIEUZE K E M ) 2 2 BN a8, Refig 5= 51 It
B NFFAE(1T A 530 DR 2228388 5 5 m] BeAH OC (1) B A2 ) 5 i H AR 25 (BR ML 20 [A] 1Y) 52 2% e i oK
Ao

TV R EERLE R, ABFAUCR A T K S XIRIE R EOR, R GEARE R 8 K AT, #
AR H A — AP, R K1 AN FEENIIGS, EE MR Kk, ke —Hh
i, R, A KRS RIZE R, M FHAER % (Accuracy). A [FIZ (Recall). F1 43 %((F1 Score)55 % MF
Wrigbs, XT& MBI ARE TEAT T AT PEAL

33. REERSHK

a1 R AT RT e A I A AR AU E ), AT T 2 MR 21T, 0 Bagging
(Bootstrap Aggregating). Stacking (Y& )# 2 ML P TN 25 AT A A, RIS I uEm 1, b o
AN AT BE H I A O 22 FES 2 . BRI )B4 G 2 AN RSN TN A5 SR, ANRT BARBF AR ik 8L S A R AL
AR, I R ErAR R B A 1 e

S E T, AT IR T — ARG 2 PO S ) BE R S BB B A . AR R TR L
FRM 52545 (Random Forest Classifier) 9t% 0, FH456 1 HoAth 22 m RCE V2 (51 4ndh B2 H2 i S GBDT .
SCRERIENL SVM 55), BEARDFIH S FIEMMEEIS, SRz e I ARG . &0 2 il
AEFRR B, FRATTFIN T kK 5 3 78 (Simplelmputer) M1 #4 i(OneHotEncoder) Hi AR, DAB OR A 42 1) i B
A& HYE . NERCES EIR WD IR, FA1i2H T ColumnTransformer T, SEHL AN [H] T kb B 5 V219
RIGHA . Moh, AT R RIIGR SRR, A1 T — AT Pipeline PRI ZRHESEE 32 BT
AL H A IR .

FECIEAN b, SN m B A nT VR P AR SS, JRATRI A tkinter FEJF R T — NS 0 EEH P A4 1H
(GUD), iz s, P af UR A A N ST R A FE AR B, ik “Fll” Dheefs, &6
g B IS USCEE A R P SR AR RO, R S SR DI 2RI I BE DL AR MRS R E AT 000, e ¢ DR 1) B X
) FH P 7 I 45 5, DT 58 1 17508 AR SR DL A, 7 2 P AE SR 3285 () TN 23
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4. FRE
4.1.1901~2023 [ EIENRILFR Z T ERIRES T

AHFFEHET 1901 452 2023 4F i DR 2295 32 8, DAFEIRE 20 A7  BIF 70 A R B3R 2 e B 1] AT G
158 23 A1 LA BT AL DU AN 4 B AT T Geit 0o BATRIIIRALE 08 R BRI AE 51~70 X 2 0H), it
L 56.7%, o 51~60 SFERBABEHZ (WAL 1), EXRY, KZH0H IR E2A5 FAETN A TR+
HHERG HHEAS T SRBEVE RO FURCR s 17 & S 5T A AP 5 RS SR 213 2 F Bk 1] 1] o 37 ak 54, G v ]
Rk 20 1 R S EEIA 61.5% (W4 2), Sl 1 4k 22 USRI 7T B R R 3 E FTA R AT AT 75 B I ],
W DURM S22 VP o I Ry K R B S oT kA 52 e /g s INEEE A R, S R | LU 5 =i (40.4%)
FLUONEE (15.7%) FI 98 [H (14.6%), W E K HARIME HLE 3); BFFRSRA BoR, AP
(27.8%) B AT (25.2%) VB 22(16.5%) 2 3R 2K i 22 B U, T 3 A6 R 255 7 1) o U AUIG
(W72 4)e LA B R BRAR T DURAG T 22 00 g S0 38R 22 bR U4 T S AR A

42, FMEF I E—ERRENTIARR

N T B R TN AR, JAI% ] 7 DR R B MR R A &, BTSN FRE#H
Z IR RIEPERZ R G 1) B, TRk, WFRORIREE 2 M EER AR BLPEM
RN, T LATE I BUAS [ Uk 1 32 A Az S (L 2).

Table 1. Age distribution of Nobel Prize winners in Chemistry
=1L IENRUERSEFRERS T

R B N B
31~40 10 0.051546392
41~50 40 0.206185567
51~60 56 0.288659794
61~70 54 0.278350515
71~80 26 0.134020619
81~90 4 0.020618557
90 DAL 4 0.020618557

Table 2. The distribution of the time interval between the achievement of the Nobel Prize in Chemistry and the award

2. IR ERSE SRR BIR R A EERS 6

MRS B B30 A (8] ) gy N 7R
5HELF 10 0.051546392
6~10 4 15 0.077319588
11~20 4 50 0.257731959
21~30 4 37 0.190721649
31~40 20 0.103092784
41~50 10 0.051546392
H4E 52 0.268041237
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Table 3. Nationality distribution of Nobel Prize winners in Chemistry
F 3. BIURUERBEERENH

= £ N RS
fif 4 0.02020202
£ 80 0.404040404
g 29 0.146464646
H 8 0.04040404
#+ 2 0.01010101
Leis 1 0.005050505
1l 31 0.156565657
DL 5 0.025252525
% 10 0.050505051
Fiy 4 0.02020202
Hit: 7 0.035353535
L) 2 0.01010101
) 1 0.005050505
IRk 1 0.005050505
2% 1 0.005050505
#E 1 0.005050505
= 1 0.005050505
m 1 0.005050505
R AR 32 1 0.005050505
hn 4 0.02020202
W 1 0.005050505
1 0.005050505
k. 1 0.005050505
+ 1 0.005050505

Table 4. Distribution of research fields of Nobel Prize winners in chemistry
=4 BENRUERBERARTE NS

Tt ¢ A0tk N3 WA
A1k 32 0.27826087
LU 19 0.165217391
AL 29 0.252173913
HAR 2 0.017391304
Tl 10 0.086956522

& T 5 0.043478261
gh) 5 0.043478261
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i3k
g 1 0.008695652
BT 2 0.017391304
5 1 0.008695652
Mkt 1 0.008695652
A 8 0.069565217

Figure 1. Diagram of the decision variable

B 1. RRTE

B FEEPERNREBIRHFRE

HiEERER NE
LR 0.2177
o SiE 0.2137
KR EFHE 0.2122

EFE 0. 1659
FRTEXRE 0.1317
FARLE 0. 0588

1. REBHFE  —HMELHI: 0.0059; 3 RFEEIF"HIE: 1.0000;
Amax: 6.0373

RFENR | EFE | WRGUE | IEKRS | RRER | AR | AHEIERE | Wi
ElFE | 1.0000 | 0.7407 | 1.3333 | 0.8000 | 3.0000 | 0.7143 | 0.1659
Wisz4fig | 1.3500 | 1.0000 | 1.8000 | 1.0800 | 3.0000 | 0.9643 | 0.2137
FRFEAZ | 0.7500 | 0.5556 | 1.0000 | 0.6000 | 3.0000 | 0.5357 | 0.1317
FRBEERY | 1.2500 | 0.9259 | 1.6667 | 1.0000 | 4.0000 | 0.9615 | 0.2122
FALA| 0.3333 | 0.3333 | 0.3333 | 0.2500 | 1.0000 | 0.3333 | 0.0588
R /E)iEIRR | 1.4000 | 1.0370 | 1.8667 | 1.0400 | 3.0000 | 1.0000 | 0.2177

Figure 2. Diagram of the decision goal and consistency ratio

B 2. REB R —HEEL ]

4.3. AWEF I —-5 o R BRI M RETE

A R AL A PR REEAT VR, BRATA LSRR M B AL(SVM) K L& SRR IR e % 1 AR R R L 14,
LR R 515 3 85%LA bo BARMERefa bR WA 5:
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Table 5. Table for performance evaluation of five classification models

5. B FRBMEREITAE

Ay HER 2% Bl xR F1 74
C4.5 TR 78% 75% 76%
bz U i 80% 78% 79%

pez s A ElE 82% 80% 81%
XRFAEAL 85% 83% 84%
PHEE P 4% 83% 81% 82%

FIREER IR, SRS VMEMER R A R F1 20805 0T AR X — 4518k,
SRR AR SRR, T BLE RTINS A PR RE . 2T I, BATE AT
XA R RS, M T — RS IR . R R ) RO R B A L B — R R P E R
29 5%, WAL 1 2 MR AR BRI AT RAE o BATTREFI 12 8 i B DR AL 27 S A2 A5 AT
T .

4.4. TR THT

T 44 5 7 7% % 3% (Thomson Reuters) 448 B o w1 B 51 FE AR FRAF G DURM 22221018 50, DL L
SRV DURA S 2R AR RS NG, BAVRI I ZRAF ROREREAT 7 10, et 1 8 Aril e i
IR 2SR B LIS i\ A b, @i BT, MaEG1e 0 gl 2. RS EEE
SH A E R R[S], BAVEH, DUF SRR R R LAE A 5 = 3R 3 ] B

1) Shankar Balasubramanian [ZEALJRBRAFIHIEHIERREWIEERZLRLEW, W G-TUEME.
RNA 1 mRNA /) S'SEBEX G50 M/EALRR S 5 D B IR 70 RS 7 BB, )2 Aot -0t
. M RNA DLz mRNA (1 5'IERIEIX S5 2 . BT e 38n T 350 HU IR 45 M 7E R 42 PR ek o
MISCEEER, N ERMARAN M P9 5 2 AR 2 R R A T R IO AR, NI RO BLIR T ik, TR e i
RIS AL M0 BT T RE T 8 i 4% . A i) TAEARSUINER 7 BA TR A dy Bl 38R ML IR, o m
TRIT TR 7B LE QT 5

2) Roberto Car #4415 F T+ E AL 207 VAR S0 R ) B F 53 115 R« i@ id JF K Car-
Parrinello 7> T8 /15751, HET 1% 54015 MEE &, FFRIMERR Y T T4 05 R 1% 30 11 2 F
AR B o 3K — AR K A T AR R . A KB S AT R A R T, AR R
B i 5 v B 1t U0 R EE AR AR O R 54T A

3) Vladimir P. Torchilin [#E40] PR RANGKRES, FARETFRFZAMERERNGIKE YL
BB ZWIEIT BRI BIE BRI 72250016358 R GURM YK B AT T TP B DUk, 4 2 7E
T ROHT R 2GR AR 29 T . A 7T B AR T T IR T ROR, RIS KRR T RIER, N
JERE O L R S5 22 PR BR T SR T e AL AT B M TAEHESh T 9K R 15 2440
AN, i T AME BT R

4.5. BEEF AR AR T (E 3~10)

1) James J. Collins
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B BRI = X
8 (E/%): =
FERS: FERTAF
& TR X Arnold J.Levine
Bt
o AR 91.0%
o,
e |58
neFARsE A =
=

Figure 3. James J. Collins’s winning probability
prediction
3. James J. Collins FR3ZHL RN

2) Frhe—H

& BRI — X
51 (E/%) =
RS e
B TSR X Femx
]
o TREEET 94.0%
HHIEERIEE

BE 66

BEFSERIEELEEEE ) [aa

Figure 4. Kazuichi Kataoka’s winning probability
prediction

B 4. FriE]—RUsR AR R TN

3) Roberto Car
B ERUSRT - %
8 (/2 E]
FEAS: w=RE
& TR X
Giovanni Ciccotti
a SN 98.0% B
[P,

®E

MERFRAREERAEEE (F): 28

Figure 5. Roberto Car’s winning probability predic-
tion
5. Roberto Car 3k 325 2R
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4) Michele Parrinello
- X
=
FREAS: [mErwAx
B R % | [Giovanni Giccott
0 S 040% et
A

BSHRAREERRAEARE (F): 46

Figure 6. Michele Parrinello’s winning probability
prediction
& 6. Michele Parrinello 3R 3Z{EZR M

5) Stanislas Leibler

B EI/RARTEN - X
8 &/ CO
RS EZ=

& TR X am
o THZEEES: 04.0% e
e

==
3

BEHRRREEEEEER (5): 43
_ =

Figure 7. Stanislas Leibler’s winning probability
prediction
7. Stanislas Leibler 3% 3Z 2= 77N

6) Shankar Balasubramanian

& BRI = X
8] (Ef0): =
AR lemmrz
8 TR =
B, Rt
o TR 99.0%
NAS JEERER LTS,

wE 57
SRR REEREREERE (5): 11

L m |
Figure 8. Shankar Balasubramanian’s winning prob-

ability prediction
8. Shankar Balasubramanian $%3Z % Z=2 70
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7) David Klenerman

B EURIERTTN - X
128 (/4): CH
RS e
B TR %1 [nkar Balasubramanian

0 TR 91.0% s, b, B+

= 65
BUSHRaAREREAEENE () 30

Figure 9. David Klenerman’s winning probability

prediction
& 9. David Klenerman 3% 2Z#8% 2= 3500

8) Vladimir P. Torchilin

B EURISZTT = X
55 (Bt =
FREAS: [EwnEE
B s e

0 TRRAEE: 96.0% e

[FuR B RRER.
w= T

SRR EERZEEEE (5F): [0

_ o= |

Figure 10. Vladimir P. Torchilin’s winning proba-
bility prediction
10. Vladimir P. Torchilin 3K 224 R 550

5. &t

AW T IRN A3 HT P S Bl , L 2 P LES 7 o) SRk S B i ST I D7k, Tt T il v LR
225 E R . FERR YR AR A O AT AR = MR R VT AL, 45 T =4 A n] REAE AR IR 15 18 DURAE
IR NIE, 43N: Shankar Balasubramanian. Roberto Car. Vladimir P. Torchilin. 7 7745 RAMY Ny BE
fife v DURMGZE R v P ML St TR i, O RHIE AN Rt THMERI S . Kk, RATRHAREAR
R, PR 2 M i DURSKAR E R E, DAk — 0 5 m 0 () R 1

6. RE

JUEARB TG TR, (A7 L JR FRAE AT AR (8 727 17 -
) BEEH: BEE RPN, BUREREONW R, DUORRRRIR A Rk, 38 RE A T
R IE A WA A I B2 IR . DRIE,  ROR B AR B 2 i 37— A R B SR MR L, g DRASE Y
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GEZEHET BT B HEAT U ZRAN TN o

2) Z¥FHE: BRI CYID I 18 BRI R R, (HARKR KA LAk — 2B IR
XA R R R AN TR AR U R R ELAT P B R DURAG 2 VPR (50 . SR A i B D 4
T TR A, ] DLBE 4y e S R ELARAREE0F TE IR 22 22 RS SURFE s DO TIUIITERE (K9 DUR b2 2245 E e it
Bz oL A .

3) IRPBES ] AEBUA BIHLER 2 2 U5iES A, ARG TURT DR RN IR A TR, A3k
PIZE(RNN), LA — D3R m PR R (P RE A LA T R 2 2 AR (R Bt i B BSe 4 7

4) AR B T ORIEPRE AR, RRIIBTFOE T L5 AR 2 P I m g, nZ 55
sl BOREWETTIRIL . XA SE S AR IRTI R AR A B SR, WA e EfEE b
SR DR AT etk DAL, Redk M Dy N NS R f) 2 By Bl AN AT DAASEASE R B 4
T, A BT o v M PP e N O 255 DTk
B oW

TR, VBN, —EREGH, RATBERIBE . T HdlE o i vl DUR ST L) /N
P e AR P 53 B IR ATL 2 1) A SR M B AR PR A ALY s fme U ) TR o

B, BATEREM AT T2 im0, SR SR P s T RA T B4R A
Fro TEHILEIR . TG 22 S AL TEAL B ZR MRS AR TR e 1 BT, BRI 78 AR 4R W] 1
Tl PR T E SRR L.

I, B SR ATIRIE 7T /N L AR Ak — 7l 53 R SRR I [ e il 4 4R . BRI 04T T4, IR K
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