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Abstract: Over the past decade, with the steadily increasing nuclear power around the world and the rapid
growth of nuclear technology applications in healthcare, especially radiopharmaceutical therapy with
isotopes emitting o particles, the research on actinide element chemistry has made significant progress in
both fundamental research and applications. To further understand the physicochemical properties of
actinide elements, the focus of experimental research has been on clarifying the proportion of covalence in
the bonding of actinide ions with ligands, and on discriminating actinide ions by the size which is
compatible to the spatial cavity of multi-dentate ligands. In theoretical computation, the results on
optimizing the coordination geometry of actinide complexes with improved pseudo potentials for the

relativistic effects of inner electrons in actinide ions and the progress in calculations on excitation states
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related to the spectroscopy properties of actinide complexes are worth noting. Application-oriented
coordination chemistry is the area of great production, especially the research on separation and alpha-
radiotherapy with encouraging results, and the research on element actinium is an eye-catching focus and
hotspot. Overall, the efforts on actinium research over the past decade have exceeded the total of previous
years, while compared with other actinide elements, the attention to actinium in the past decade has
surpassed that of all other actinide elements combined. This paper mainly includes two parts: first, a
summary of the spectroscopic properties of actinide ions and the corresponding research methods, as well
as the challenges in computation chemistry for actinide elements and the ideas for improving computation
strategy; second, a specific introduction to the research progress and results from research on actinium, and
a prospect for the production and application of actinium isotopes related to radiopharmaceutical therapy.
Due to the larger ionic radius of Ac(Ill) compared to other Ln/An(Ill), the stability of the complex of
DOTA with Ac(Ill) is much lower than with Lu(lll). DOTA is the gold standard for bonding other Ln(1ll)
and An(Ill) in nuclear medicine, but it does not present great binding capability with Ac(Ill) and the
labeling kinetics are also relatively slow. To address this short back, a new macrocyclic chelator, Macropa,
has been developed to replace DOTA. Because of its unique structure, the coordination ability of Macropa
with La(Ill) which is the best surrogate for Ac(Ill), can compete with DOTA, and does not suffer from the
slow coordination kinetics associated with DOTA.
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Table 1 Physiochemical properties of actinide elements

Ykt HiAc  4kTh  #tPa HU  #Np  #fPu

HHAm HCm FBk  HACf  4Es  HFm  4IMd  No  £ilr

A VA 89 90 91 92 93 94
KIRFINIZE 225 227234 231 233240 237 238-240,
227 233 239 244
228 234 240
K T 227 232 231 238 237 244
TS
KM 21.8a  14x  325x  447x  2.14x  80.8%
EibES 53] 109a  10*a 10°a  10°a  10°a

R EIN R 227 232 231 238 237 239

FeH L 21.8a 1.4x 3.25x  447x  2.14x 2.41x%

[RIv; 22 52 1) 10°a 10*a 10°a  10°a 10%a
JRF IS 6d' 6d> 5£ 5 5f* 5%
A 7s? 75> 6d' 6d' 6d! 7s?

(33) 7s? 7s* 7s*
BRI 2,3 2,3,4 2,3, 2,3,4 34,5 3,45,

CHA R ek e 4,5 5,6 6,7 6,7

M)
S e
nm:An** 0.114 0.104 0.103  0.101  0.100
An** 0.16 0.118 0.118 0.116  0.115
bR g Eo/

V:(An*"/An’) -1.83 -147 -138 -130 ~-125

(An**/An%) 213 -1.66 -1.79  -2.00
Pita:
[M(H,0),]* & E £ Lk [
[M(H,0),]** ¥ i o % ® 5

95 96 97 98 99 100 101 102 103

243 247 247 251 252 257 258 259 266

7.37x 1.56x 1.38x 900a 1.29a 100.5d 52d 58 min 11h
10°a 10’a 10°a

241 244 249 252 253 255 256 255 260
433a 18.1a 320d 264a 2047d 20.07h 78 min 3.1 min 2.7 min

5f7 5f7 5 5f10 5f!1 5f12 5f13 5f14 5f14
7s? 6d! 7s? 7s? 7s? 7s? 7s? 7s? 7s?
7s? 7p!
2,3,4, 2,3, 2,3,4 2,3,4 2,3,4 23 2,3 2,3 3
56,7 4,6

0.099 0.099 0.097 0.096 0.085 0.084 0.084 0.084  0.083
0.114 0.112 0.110 0.109 0.098 0.091 0.090 0.095  0.088

-090 -0.75 -0.55 -0.59 -036 —0.29
-2.07 206 -196 -197 -198 -196 -1.74 -120 -2.10
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