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Abstract: To investigate the photoisomerization mechanism of astaxanthin (AST), the types and contents of Z-
configuration in photocatalytic conversion of AST were analyzed by HPLC and Q value method. Additionally, the AST
configuration was optimized and frequency analysis was performed using density functional theory (DFT).
Thermodynamic, kinetic, and energetic parameters of all-E- and Z-AST isomers were further calculated. The results
demonstrated that 9-Z- and 13-Z-isomers were predominantly generated under photocatalysis, with the 13-Z content
(17.72%) being significantly higher than 9-Z (13.57%) (P<0.05). Upon illumination, neutral AST molecules generated
diradicals, facilitating bond twisting. All-E AST exhibited the smallest frontier orbital energy gap, promoting its transition
from the ground state to the excited state, and subsequent isomerization into other configurations. Gibbs free energy
analysis revealed the following stability order of AST isomers: all-E>9-Z>13-Z>15-Z, basically consistent with
experimental observations. Moreover, the activation energy for all-E—9-Z conversion was higher than for all-E—15-7Z/13-
Z, while single-Z—double-Z isomerization required significantly higher energy than all-E—mono-Z conversion. Notably,
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the 13-Z-isomer formation rate was about 4-fold and 100-fold higher than that of 15-Z> and 9-Z, respectively. The

negligible tunneling effect during mutual transformation explained the scarcity of multi-Z-isomers in experiments and the

predominance of 13-Z over 9-Z AST. Collectively, these findings elucidate the controlled generation mechanism of AST

isomers and establish a theoretical framework for carotenoid isomerization.
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ASTFy %! s?
£y k2 2.0984
oMl 2.0971
13X 2.0992
150X 2.0984

O 3 I A 2.1446
13 =i I 2 2.1515

1S 2 2.1499

Ab2F S 3 R B A5 LA R B BRSSP (a4
of PE AR LA, ANE 6 BTN, PN BN AR AR
(IRC) J2: 3% 42 5 RE T AH 2B A A8 /N A 1 BB e Fre (R
12, AR T B AN B Gz s R 2 e iAE Y
ZEAASARINIEEY . IRC W4 SR 1T S fR ) AR S
Y 5oz aReEE RSO . P I RIS
(TS), A0 5 2 ok I 2 A I e A v, IS S48 46109 TS
S5 S AR ANE 7. & 8 Fras, NEIET ER,
SRR, A —A B i (5 ) 4505 2R AR
ZErPaMAR, SRR i S I I 22 R A e
22, R 25 4 s AST 5 AST s JESRER >
22 BIA 42250 AST F4A8 AN R SR RE 22
ZEWRE, = Fh i PSR HEL 5350k 75.01°, 90.09°
F1190.06°, YHHEE M5 109.5°4H2580K, R, A
Tk I, SRR, Rtk 9 =t AST Jd P&
S AFRE I 427 3 AST it 9 M=t
25015 S P A RN 13 M ek 8 A Ak S I =K S
IR A BE 22 BB 439N 12.8. 10.9 F1 10.0 kcal/mol,
iR [\ %A ) A2 me w43 il o 11.5.0 7.1 BT 7.4 keal/
mol. FHE 6 HIH], fe22 R/ NITUTFA: 9 Ji=>15 Ii=>
13 = AST, BHE X H A FETEZS Y 9 I AST £
METE %, 13 AR B, [RIETHR [H g A ng Hsads
K, HEZE Ty mE I 4 =X
16 [ 4t AST=9JiIXAST

14 | —— 4 X LAST=13/lIzLAST
—— 27 3LAST=15/l:XAST

1k . i RS

Akcal/mol

=50 0 50 100 150 200 250 300 350 400
C-C-C-C__ThifA
K6 WHMIEER e AST = ML rFae /A6 #
Fig.6 Potential energy distribution diagram of Z-isomerization
of all-E astaxanthin in the form of double free radicals
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Fig.7 Transition state structure and virtual frequency
of astaxanthin in double radical form
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