FERE: kF 2024 £ 54 % £ 12 Hi: 2438 ~ 2451 OPIEF2E) Zekdt

SCIENTIA SINICA Chimica chemen.scichina.com SCIENCE CHINAPRESS
A A LY M k
1¥ ﬂ_\' Sggksffr u pdaa];‘S

A VA 5 B S R 2k o ik e (XD Atk A1 77 e
daegy)iny kRS

BERURNESTF ST S ST S S S R T

L EBIM R A 222 5, KB I 450001

2 GRS RIS RO, B EMRHECE W TR SO, B 100084

3. FHRHELRFE R, &l 999077

4. V] B AR 2 A 2 A0 TR, W hE 44 WAL 2 5 Se R T S B0 2, BT 2 453007

5. R ERF B L QI T B AR R o, #E1341119

6. HEA MR R, D 4517 02912

GRS

*J@ HAEH, E-mail: xuenian_chen@htu.edu.cn; junli@tsinghua.edu.cn; laisheng_wang@brown.edu

W F 391 2024-06-01; #2352 F 31 2024-07-02; %R & % H 1 2024-09-11

5% [ ARBIAIE 4 (405 22171246, U23A2078, 22271256, 22033005, 22388102)FIUS NSF (CHE-2403841)%% B H

WE HETEFRAHRNELS LR, M TR LA, —FZEARSEUZL. AT, §5F 8 HRMAFHTT
RIEA L, MAEMA TR EH. B TR e TR 525720, M FHE SNHEHKEE. EMETHH
B F A A 2572, e T T RS, BT FRT. MR T o8l T AT LA R B B T
NFR, RTURL S ORI T AXZRTUTHERRANRT 4. TEXK S FORNFEEST B
MKk % BEAMFH MR E TERW SR AXEREHSEM. BHTrd kR e, LEZMERLE
A R AR, . RARESEKU M. RERNEZRPVEREE. #0788 R KA.
A A LS. BNAICCHF B TR, AL Wi & oW AT IR, BT, Ol =3 2 (A w48
A%, ST 15 B F 8 BB AR R 10 RS AL 6 A B A 2R PO TR AR O T B R

KR BT E, ROUE, R T, £ EONFR, Ak

1 5|5 THAR, FEC AL SRR 5 0
FREZER KELOK, AR EAHIEN 2

AN TR AR T A IARM S BT 2k, KRB IR E a7 AR
VA AR R TR, fEAME AT E, Hrt PR, A EaE e s aIeay. EmEn
JRAE— R L RAMLYE, Bl ZMEerm R REIR, B LBEHIED
TR, WTRUEREE . AR, TR AR AN, FE 5 SRR E DI IR, Wa

S|F#&3: Ma YN, Li WL, Chen TT, Chen X, Li J, Wang LS. Recent progress on the investigations of boron clusters and boron-based materials (IT): The analogy
between boron and carbon chemistry. Sci Sin Chim, 2024, 54: 2438-2451, doi: 10.1360/SSC-2024-0119

© 2024 (PERE) FEHL www.scichina.com


https://doi.org/10.1360/SSC-2024-0119
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2024-0119&amp;domain=pdf&amp;date_stamp=2024-08-30

FRERRE: L2 2024 4 BS54 5B 12 1

M RS M. ekl fher. SRl AN,
RIRFAE BRZE, 5 AN G A B RERR. 1]
WEY R M RHEE T . LT BRE. BilE. AT
RSB MR R A T2 M. SR, 5 & ik
AR L, WAL 2R B AR D, e ik T A A 1
W E sk = {20024 LSk, 73 IEf# A Seae At
HARSS G R AT B o 1 RN RSTHBI A% ) J LART AR
HL -5 g 1) ),

T F 0 R R 2s72p!, I BT 500 T
W, RO TR T BT R0 T 2sT2p
HM B ESMIIERMESE. SR, AT
b, —#HIAGARIHE . NEEREEIETTLE SR, &
MHEAS 5 2k Z5 17, BT R TR B . TR
WEYEI DIy I, R LA S TV,
BN+ 22180 T 5 RO ) — S A1 Jo ) B

BRJE T T AR sp s sp MllspR 244k 7 s, ik
o A LR T, TR, BB R T 2 B BE T R
HHC P L - (20-2¢) O TR B BB L e Tl 0B M Al ok =
R 5 SR AHE R R ik S o BB SR,
TSR I, AR - 2 (Rl BR 1 0T LAIE B Al
LS N B R . S Y D 1 4 e WY 1
BT (3e-20) Y. Firh, = IR BBBSS 9 9Tl ] 1%
HI ARG M oG, iR 585 75 70 BAUE 2c-
el o e A1, I8 T] LUK Al 3c-2e E M, 1% Fh & bt
I ZAETE T 2

AR AN ) Rl 7 O], AR EATE NV 2
gEREN 2L — e AR, Blan, ER R DA AR R T
%, B-Z2 % S A ) 45 4 B o A% 0o 43 e — A BK
THIBg, ", FLGE M S5 S R Coo JER AL LSk,
Jir A iR - #0 T LA SR - 45 S T8 BORE IR (R R e A
Reke, 3 BARGE M LA, (H 2 e SIS M ) 22 Bl AR
K. ASCHE M TR R R SRR AR R A BN
FE R IO EY . T AIE PR . BNAICCEE H
TR WEA A AR E AL SIS T T R, A
SHB Ak 2 1) FR AR AL D 22 S

2 R LT R) 3R AR R A

AT 22 P R 3R A AR, AR SR A T T 22 DA g M
i FSRATCERIMIE AL, ERIARZBART
RIRAFAEI B AR, AE NI AT, &R

R 1B ICR I — LA R

Table 1 The basic properties of carbon and boron

S5 fill B
TLERMS B C
JE 4 5
AR T 10.81 12.01
PP IREE R 25°2p' 25%2p
FEANS HIIL 0, (=V)  +IV, L, 0, (=II, =IV)
A2 12(pm) 88 77
BT (M) 12 (pm) 20 (n=3) 15 (n=4)
3 — H B AE(KT mol ™) 800.7 1086.5
TSR R (kT mol ™) 26.7 121.9
B () 2.0 2.5
c—-cC c—¢ C=cC C—H
o bond o + 7 bond G + 27 bond G bond
B—B B—B B=B B—H
o bond G + 7 bond G + 2m bond G bond
/ B B B H
N /N /N
B B B B B B B B
3c-2e (open)  3c-2e (close) deltahydron 3c-2e

B 1 (MEMER) C-Ci BB L K& C-H#fIB-H
Xt te

Figure 1 (Color online) Comparison of C—C vs. B-B bonds, and C-H
vs. B-H bonds.
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Figure 2 (Color online) Comparison of the @ MOs of planar boron
clusters with those of benzene.
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Figure 3 (Color online) The stable configurations of B; and B;s.
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Figure 5 (Color online) (a) The structures and ground state electronic
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Figure 7 (Color online) The configurations of carboranes and their
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Table 3 Comparison of 1D boron/nitrogen clusters (B/N alkane
analogues) and unbranched alkanes
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Figure 10 (Color online) Synthesis of borazine with ammonia borane.
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Figure 11 (Color online) U-shaped NBN monomers.
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Table 4 The bond energies of B/C related chemical bonds

Rz HERE (kcal/mol) Rz B At (kcal/mol)
C-C 346 B-B 293
C-H 411 B-H 389
C-0 358 B-O 561
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Figure 12 (Color online) The states of boronic acid at different pH
values.
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Table 5 The pK, of different carboxylic acids and organic boronic
acids in water

RB(OH), Pk,
CH,B(OH), 10.4 CH,COOH 3.77

B(OH), COOH
Cj 8.9 Cj 420
B(OH), COOH
9.3 iif 4.47
MeO MeO

B(OH), COOH
9.1 i:T 414
F

COOH
8.6 iiT 3.97
B
B(OH), COOH
Lj/ 7.1 Lj/ 3.42
O,N O,N

B(OH), COOH
Q/ 6.9 ©/ 3.49

RCOOH PK,

NO, NO,
xBOH), - COOH
| 4.0 | 2.03
N N

7 EAERYE

H T AL RS 2 ) 391 v ) 22 A B R 2p-1X T
I T A R, eI 2 AR R AL A
Y45 K RO 5 T A AE AR DA E s B b 54N 7 T ox
B, BATREMEE 7 B A AL SRR L A
SO, AT T A SR, I E RO R
TR TRAEEAT T, B TR s R T,
B Bk T AT U s . U =54, IR BUTE
B e, XA T R BRSSP A

Tgs, RO AEHATLURRZ AR ERANER 1 14
%, WFOHTR. FEAIE, B MBI I HIB,,
RERAR (5B, DB 7% (0 SR AP SR A 1 S AR f) 51
k. AT, O 2 Bl e (A1 2 0 A et e, H
AR AT BB THER B B, G feTJ g S50 T B o vy
RO A R SR A W S 08 A 5 AT T I )
Pk

PATS B AA ALkt AT 1 I, KBl —H 2
[ #E 254 5 P 5 b B A SRAUE AR R B RO I 57



hERRE L 2024 4F B4 12 M
F 6 HIFBRAFIEI L
Table 6 Comparison of boron and carbon morphology
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Abstract: There are many similarities between the fifth element, boron, and its neighbor, carbon. While carbon

chemistry forms the foundation for organic chemistry and has been extensively studied, much less attention has been

paid to boron chemistry. Boron is electron-deficient, which results in diverse bonding patterns and interesting structures

for boron compounds. In this review, we discuss the similarities and differences between boron and carbon and their

compounds in five aspects: B/C allotropes and their clusters, boron and aromatic inverse-sandwich compounds, boranes

and hydrocarbons, BN and CC isoelectronic species, boron oxides and carbon oxides.
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