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Abstract: In this mini-review article, we highlight the importance of theoretical actinide

chemistry in developing heavy-element chemistry. The computational research efforts in China

on actinide small molecules and complexes are briefly summarized. The article mainly focuses

on the theoretical investigations that have been carried out by the present authors and

collaborators on actinide systems with multiple chemical bonds, with special attention to the

double- and triple-bonded complexes containing actinide and main-group elements.
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Fig. 1 Possible products and the hypothetic transitional states of the multi-step reactions of the excited
uranium atom (U*) with trihalide methane CHXYZ (X, Y, Z=H, F, Cl, Br) under irradiation
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Table 1 Equilibrium geometry parameters and diabatic C=U bond energies predicted
at the ZORA-PW91/TZ2P level for XYU=CH, complexes

Bond length / nm"’

Bond angle/ (°)

Molecule

Bond energy / (kJ-mol™)

U+ Hyy C—H,  C—H, c=uU /H,,CU ZHCH

F,U=CH, 02339 0.1135 01094  0.2066 88.9 110.7 456
FCIU=CH, 02336 0.1133 01094  0.2058 89.2 110.4 460
CLU=CH, 02316 0.1134 01094 02049 88.5 110.5 473

7 (Note): 1) H,y and H,, stands for the axially and equatorially located hydrogen atom, respectively

B3 7E ZORA-PWO1/TZ2P /KF LTl iy
FCIU=CH, Fffitf W57 MR IR B
Fig. 3 Conformations of the two chiral isomers of
FCIU=CH, complex predicted
at the ZORA-PW91/TZ2P level
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Table 2 Wiberg bond orders (BO) and net atomic charge distribution (4y) of XYAn=CH, complexes
calculated from NBO analysis
Complex Bond BO qy
F,U=CH, U=cC 1.44 U (2.52), C (—1.34)
U-++Hyg 0.04 U (2.52), H (0.13)
FCIU=CH, U=C 1.46 U (242), C (—133)
U+ Hyg 0.05 U (2.42), H (0.14)
CLU=CH, U=C 1.48 U (2.30), C (—1.32)
U-+Hyq 0.05 U (230D, H (0.15)
FCI Th=CH, Th=C 1.18 Th (2.82), C (—1.68)
Th-++Hy, 0.03 Th (2.82), H (0.21)
#3  AREES THER A R F BT SR
Table 3 Hybrid compositions of NLMOs and their natural occupation number (Occ) of a- and B-electrons
for XY An=CH, complexes calculated from NBO analysis
Bond  Occ (o) NLMO Occ (B) NLMO
U—Cos 099 F,U=CH, 23%U (s"*"%4*7f) +77% C (sp*') 0.99 19% U (*%p*1dM17) +81% C (sp'*)
U—Crn 099 36% U (d*%) +64% C (s*%p") 1.00 19% U (s"d"%f) +81% C (p)
U—Cs 099 FCIU=CH, 23%U (s"p"%d"*) +77% C (sp™**) 099  18%U ("*p"Pd"r) +82% C (sp™*")
U—Crn 099 39% U (s*%d"3f) +61% C (s"Cp) 1.00 20% U (s*%p"'d*%F) +80% C (s*%'p)
U—Co 099 CLU=CH, 26%U (s"®p"2d*f) +74% C (sp***) 0.99 19% U (s"%p*7d"') +83% C (sp**)
Uu—Cn  0.99 35% U (s*3p"2d%%) +65% C (s*"p) 1.00 21% U (s"%p"240%F) +79% C (s*%%p)
Th—Co 198 FCITh=CH, 14%Th (s""p*"d**'f) +86% C (sp***)
Th—Cr 200 20% Th (s"Pp*7d*™'f) +80% C (s""p)
‘%
¢
¢ ¢
(@) (b) (©) (d)

Kl4 F,U=CH, (a, b) fF,W=CH, (¢, d) 50K c-Flrn-pese /1 K%
Fig. 4 TIsosurfaces (y=20.05a.u.) of the bonding o- and n-MOs related to the double-bond
in F,U=CH, (a, b) and F,;W=CH, (¢, d)



B WIS BRI G2 BB BT T 31

FH 5 S A BB 48 P A4 D AU E LI
=0 R AT RE— BT k. Ah-BR R, XN
AN B ) AR AR S PR AN At 1
ZE A NU (D, U (V) MU (VD. &
AR i 2T D VA = S il 1 ) R A B Y )
F R TR, RN AR A A

(C—X) MW N EEE (U—X) AR,
WOIINE I R BGTIERS « SCIG MR, 75
-2 AR LAY, X &R TR A
B TESG RAE, RFHEICRE2 A5,

WEU=CEBILEY — H &L R 2
KRG A2 —. X3U=CYRRPHE
M —REU=CEBMP R Y. LA
Ti0 H ¥ FsU = CHANE;U=CF M 1L & 4 1 - 1
JURT S5 8 2 Co X FRE,  Hegsi s TS

K6 NHC=UF;5 H 4 ¥ HCFHIUF; A
FIMOBEZAH K . HE 6 I, HCHIo-Fln-MO
SR 5UFsf) (U5Sf-6d) oMl (U5f-6d) n [a]7~=
ASRPUEM BN, EERRENASC=U=
HEATZ TR LTRSS NE RS
3, ETOEETUN'A,, BEETIIHU=CREKZ) N
0.190~0. 200 nm, ¥ TRIMU=CHK.

W B R IRAN T E BT T
F;U=CHH [ &4 . W7AZS FHU=C
BBV K B3N B I Y (1) 5 PR U — L HE 1 B
¥ -MOMI2A B n-MO— ) = 4E &I, 3F [F) It
A HHC=CHHh C=CEHE I H N 5 5LIE K
ELEE . 7R, fEENREHMU=C
B3 R PLE TR I 5 C=CE B I AH B
BB [F, 3 BRI T /& R U 7
i AL T 3ANF R 1 /)N B DT kA 15 B 0E 1
HEER AN K., XERPU=CH
C=C&fAA —EMMHLIE. ok, HZFA
A ) B e ih H T X AR KX U=CYH G+

U — CREGAT T, A IMEUES KT
24, FrRHANEIOHE T ZROAREENTOR
Jad (INBOZS Mgk . e4I0H1) T FAZ k5 H
HA=CH(A=C, Si, W, U)#IX;U=CH(X=F,
Cl, Br, D2MRFISF T 15T H 4R 1 i
I3 A7 PSR e 4y - v 5 BB N 1R E A 2 35
HiE (NLMO) Mo . 455R%, U=C
ZEPAE1A (df-sp) o B2 (df-p) n .
A, fEBEE TR (ELF) #igx)
U=CREEIX B0 %5 FE AT 0 dr i 45 R 3R
B, B K L5 3 B AR X 3R A T AU=CH
HENA 2O, RHU—CHEMBIER | =
HEEE, FIAMOKIEXT L K B 7 8 4 M (R 45 SR
HNU=CHIZHEIESR AL T RlE R EIREIIE,

IS THE S FIC R, U=Cig KbEECHMU
AR (BAREE T, TRD BIANHE I
RN . AT H R, U=CHE
AR . X — R 5 U= CXU b 59—
B, T ARRE S B E A7 B A PRI LT RGN 3 U
s CIIA LT BB U AT 158 B e T H 55 - L
BX;U=CRASIMLAEY (X, R=H, F, Cl, Br,
I, CH;, SiH;, CO) WFAREBAREERIFEM, K
IIL,U=CHAI (SiH;) ;U=CHIU=C& 4 4,
43 591°50.189 5, 0.189 3 nm. FFA[fFH LA R3 A
EELR: (D) UBET FIUERsR 7R,
PDMRFEU (VD N aSFRE H- 5 CIE R = Bk 54
(2) KHEECR, L2/ D FHEAINSURBERER T
C—REEREMIRACHR, MIMTEH )2 FAE#ECIE ¥
U Z Ei; (3) ERIERT2I AT
T, RECARM AL, DL UM R
FHOIER s, BU=CRER TR NI 59, X
SRR S5 TN R 2 EEL AR RS
A T EE RN

(a)

(b)

K5 BEHETIN FU=CH (a) FIF;U=CF (b) M) UEHE Gy, tFi:
Fig.5 Cs,-symmetrical equilibrium geometries of F;U=CH (a) and F;U=CF (b) predicted at the ZORA-PW91/TZ2P level
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