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Theoretical Study on Magnetic Coupling of Two Nitronyl Nitroxide
Systems with Photoswitching Performance
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Abstract The magnetic coupling of a diarylethene with two nitronyl nitroxide compounds, which exhibits
excellent photoswitching performance, was investigated by means of the density functional theory combined
with broken-symmetry approach (DFT-BS) method. The calculated results verify that the magnetic coupling
is changed with opening and closure of the ring. The same method was used to study model molecules of
dimethyl dihydro pyrene with two nitronyl nitroxides. It was also found that the magnetic behavior of the
open structures is different from that of close structure for the model molecules, hence the designed model
molecules may also have the photoswitching performance.

Keywords nitronyl nitroxide; diarylethene; dimethyl dihydro pyrene; magnetic coupling; density func-
tional theory
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Figure 1 Sketch maps of the diarylethene with two nitronyl
nitroxides
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Figure2 Photoswitching of magnetic interaction
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Figure 3 Sketch maps of the pyrene with two nitronyl nitrox-
ides (a, b, ¢ denote the site of substituent R)
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Tablel Calculated Jvaluesfor adiarylethene with two nitronyl nitroxides using various DFT methods
E/a.u. g Jem™
Model DFT
HS BS HS BS Cdc. Exp.
UB3LYP —3346.8544015 —3346.8544019 2.10 1.10 —0.09
Aq UPBEPBE —3343.5333695 —3343.5333697 2.02 1.02 —0.04 —1.53
UPW91PW91 —3345.9540266 —3345.9540267 2.02 1.03 —0.02
UB3LYP —3346.9813682 —3346.9815622 212 1.10 —42.58
A, UPBEPBE —3343.6814263 —3343.6814747 2.03 1.03 —10.62 —8.06
UPW91PW91 —3346.0997809 —3346.0998306 2.03 1.04 —10.91
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Table2 Calculated J values of the diarylethene with two nitronyl nitroxides with various basis sets and UPBEPBE method
, E/au. g Jiem™
Model Basis set
HS BS HS BS Calc. Exp.

6-311G~ —3343.5333695 —3343.5333697 2.02 102 —0.04
6-311G —3342.8274601 —3342.8274603 2.02 102 —0.02

A, D95” —3343.2884628 —3343.2884629 2.02 102 —0.02 1s3
D95 —3342.4847472 —3342.4847473 2.02 102 —0.02
DGTZVP —3343.6556029 —3343.6556030 2.02 102 —0.02
DGDZVP —3343.1067644 —3343.1067645 2.02 102 —0.02
6-311G~ —3343.6814263 —3343.6814747 2.03 1.03 —10.62
6-311G —3342.9885295 —3342.9885780 2.03 1.03 —10.64

A, D95” —3343.4479510 —3343.4479980 2.03 1.03 —10.32 806
D95 —3342.6617701 —3342.6618182 2.03 1.03 —10.56
DGTZVP —3343.8002240 —3343.8002683 2.03 1.03 —9.72
DGDZVP —3343.2595417 —3343.2595863 2.03 1.03 —9.79
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Figure4 Sketch maps of the dihydropyrene with two nitronyl nitroxides
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Table3 Calculated J values of dihydropyrene with two nitronyl nitroxides

Model Elau s Jem ™t
HS BS HS BS
(a @)1 —1760.0289836 —1760.0292311 2.03 1.05 —47.73
(a @), —1760.2205708 —1760.2206016 2.03 1.03 —6.76
(b, b1 —1760.0273541 —1760.0273576 2.03 1.03 —0.77
(b, b"), —1760.2325578 —1760.2328699 2.03 1.05 —68.50
(a b)), —1760.0302019 —1760.0301635 2.03 1.04 10.62
(a b)), —1760.2291554 —1760.2291633 2.04 1.03 —1.69
(a ¢ —1760.1842823 —1760.1842858 2.03 1.03 —0.77
(a ¢, —1760.2201354 —1760.2201744 2.03 1.03 —8.56




No. 20 PR BATGIE DI RE I P AR S I S AR A £ 1 T I BRI AT 1899

R4 TREA NS TR AIG AWy SR T A eSS 5
Table4 Spin population on the selected atoms of the diarylethene with two nitronyl nitroxides

Model Atom Spin Atom Spin Model Atom Spin Atom Spin
c(1) +0.0120 c(11) 0.0000 c(1) +0.0152 c(11) —0.0074
c(2) —0.0119 C(12)  +0.0023 c(2) —0.0151 C(12) —0.0019
Cc(3) —0.0178 C(13)  —0.0055 C(3) —0.0196 Cc(13) —0.0002
C(4) +0.0052 C(14)  —0.0088 C(4) +0.0060 C(14) —0.0111
Al c(5) +0.0046 S(15)  —0.0010 A c(5) +0.0050 S(15) +0.0002
C(6) —0.0099 C(16)  +0.0049 C(6) —0.0120 C(16) +0.0045
(7) —0.0010 Cc(17)  +0.0042 (7) +0.0004 c(17) +0.0040
c(8) +0.0026 C(18) —0.0115 c(8) —0.0028 C(18) —0.0137
C(9) —0.0063 C(19) —0.0165 C(9) —0.0002 C(19) —0.0160
C(10) 0.0000 C(20) +0.0128 C(10) —0.0063 C(20) +0.0140
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Table5 Spin population on the selected atoms of the dihydropyrene with two nitronyl nitroxides

Model Atom Spin Atom Spin Model Atom Spin Atom Spin
c(1) +0.0191 C(10) +0.0002 c(1) +0.0082 C(10) —0.0078
C(2) —0.0221 C(11) +0.0110 C(2) —0.0126 C(11) —0.0012
o) +0.0110 C(12) —0.0221 o) —0.0012 C(12) —0.0126
C(4) —0.0309 C(13) +0.0191 C(4) —0.0003 C(13) +0.0082

(bb); C(5) +0.0110 C(14) —0.0221 (b,b), C(5) —0.0012 C(14) —0.0126
C(6) —0.0221 C(15) +0.0110 C(6) —0.0126 C(15) —0.0012
C(7) +0.0002 C(16) —0.0309 C(7) —0.0078 C(16) —0.0003
C(8) +0.0002 C(17) +0.0026 C(8) —0.0078 c(17) —0.0009
C(9) +0.0002 C(18) +0.0026 C(9) —0.0078 C(18) —0.0009
c(1) +0.0273 C(10) +0.0221 c(1) +0.0305 C(10) +0.0175
C(2) —0.0441 C(11) —0.0253 C(2) —0.0277 C(11) —0.0353
o) +0.0192 C(12) +0.0346 o) +0.0195 C(12) +0.0263
C(4) —0.0389 C(13) —0.0218 C(4) —0.0036 C(13) —0.0303

(ab), C(5) +0.0199 C(14) +0.0200 (ab), C(5) +0.0191 C(14) +0.0154
C(6) —0.0443 C(15) —0.0207 C(6) —0.0285 C(15) —0.0262
C(7) —0.0294 C(16) +0.0132 C(7) —0.0272 C(16) +0.0045
C(8) +0.0226 C(17) +0.0031 C(8) +0.0156 C(17) +0.0017
C(9) —0.0249 C(18) —0.0009 C(9) —0.0273 C(18) —0.0030
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