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2 < 494 JA3L b= spiropyrand} spirooxazine fr =2 £ AHEHE BANAL F5
£MEYe] LoliAE JAY A, AP=R] g spiro HYPFE merocyanine-like forme] quinoid
typeol®, AAn=7)7 AWE spiro 3382 merocyanine-like formo] zwitter-ion typed-& =elsisic}.
2% 722 merocyanine-like form Ale]8] R¢s) WAsiF-& St Spiro AYE] AL W
o8] SA40] F7FETF R BRA3slc) Merocyanine-like forme] 5 2% =314 4 7<) Lorentz-
Gauss #¥79 mZ FHslden, 7 me] moke] Lufof &g wishdleAx FASA)

ABSTRACT. Absorption spectra of thermochromic spiropyran and spirooxazine derivatives were inve-
stigated. The effects of solvent polarity on the absorption spectra indicate that the merocyanine-like
form of non-substituted spirc compound is likely to the quinoid type. However, the merocyanine-like
form of electron-withdrawing substituted spiro compound is likely to the zwitter-ion type. The enthalpy
changes between the closed and merocyanine-like forms were measured. The enthalpy change of spiro
compound decreases as the solvent polarity increases. The UV-Vis spectrum of merocyanine-like form

was resolved into three Lorentzian-Gaussian product bands. The solvent dependence of the amount of
the three band was also exdmined.
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thooxazine), 1’,3'-dihydro-1',3',3 -trimethylspiro[2
H-naphthopyran-2,2'-(2H)-indole J(spitonaphtho-
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Fig. 1. The UV-Vis spectrum of merocyanine-like
form of spironaphthooxazine in ethanol using photo-
chromism (A} and thermochromism (B).
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Tabte 1. 1....,. of the merocyanine-like form for spirooxazine and spiropyran derivatives in various solvents {unit:

Spiropyran®} Spirooxazine #-SM$) HH V4

nm)

Solvent Er (kcal-mol™) SO SO-ANTH SP SP-NO, SP-Br
CCL 324 581.6 5726 5282 605.9

Toluene 339 5883 577.0 5298 601.5

Benzene 343 5785 531.2 6055

1,4-Dioxane 36.0 8775 5775 530.0 590.3

THF 374 592.5 5780 530.1 5825

CHCL, 39.1 600.3 585.0 5404

Acetone 422 582.1 582.1

DMAC 43.7 589.0 565.1 568.5 595.5
CH.CN 45.6 583.7 562.0 550.0 5927
1PA 484 6070 590.1 568.0 5532 591.2
Ethanol 519 608.2 5915 568.2 5445 583.6
Methanol §54 609.0 594.3 567.0 532.7 5710

SO: spironaphthooxazine, SO- ANTH: spiroanthraoxazine, SP: spironaphthopyran, SP-NO,: 6-nitro spirobenzopy-

ran, SP-Br: 6-bromo spirobenzopyran.

F 24 43, Erge @o) AWk Table 10
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2] spironaphthopyrang £uie] E gle] Z7}g
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spirobenzopyran3}  6-bromo spirohenzopyran®]
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€ 74 & §-5eld sigech Tade 104
CCLY-E| CHCL7AR e T4 33219 Aol ¥
3= 2 DMACY €] methanol7}A & A,) A
52l Ao 28 CCLYE CHCL7HALY)
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form?] ¥-% spiro JAPEe] T 1079 Az
ol HY A oI AL AR ol§¥
¢ qich,

Ale
[Clo

K=

Wavelength (nm)

Fig. 2. Absorption spectra of merocyanine-like form
for spiroanthraoxazine in toluene at various tempera-
tures. (1)20C, (2 30°C,(3)407C, (4 50T, (5)60C.
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Table 2% spirooxazine®} spiropyran %M 2|
Ay Wsg o vl 3L golvrl. o)
W 3339 Qg WL e Uil £ 10%0lv)
+571 20T oA 60T 7R F7hel miet gefe
U Wit s 2E S9N} oF 4~6% A
Eolc}. wteiA 7] $5o W7l 420 &}
Z715tol wieh gole] RuistE R AN dgy
g AAE 4 1/mol A= sl
ek wreby Lo Huf 8y § dgy e
Table 298] AR WlPolr} BE Grjof 4 1K)/
mol A= WMAE Fhol B Zo|c}. o)A AY 2
Ao NS BE Table 2044 4719) 5] ¥YL
Z3A) ¢fsic}. Spirooxazine®} spiropyran #-E
AL (alcohol{#! IPA, methanol, ethanold A%
2ql) 2vi9] Erglel 371 48 AH G| 34y

AT
A(T)

1 1

Table 2. The data for the enthaipy change of spirooxazine and spiropyran derivatives in various solvents (unit:

kJ/mol)

Solvent Er (kcal-mol™) SO SO-ANTH sp SP-NO; SP-Br
CCl, 324 286 150 33 24.2

Toluene 339 264 13.7 23.7 227

Benzene 313 138 16.9

14-Dioxane 36.0 26.3 136 23.8 17.6

THF 374 238 108 227 10.8

CHCl, 391 196 83

Acetone 42.2 245 74

DMAC 437 96 189 6.2 285
CH,.CN 456 91 16.8 76 243
IPA 484 214 12.7 148 115 18.8
Ethanol 519 208 126 149 95 16.1
Methano) 554 204 118 126 44 104
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Fig. 3. Plots AH® vs. Ey value for spirooxazine and

spiropyran derivatives in various solvents. @ : spiro-

naphthooxazine, X : spironaphthopyran, O : 6-nitro

spirobenzopyran, + : spiroanthraoxazine.

€ 4 4 g} Bt ohe), GFF £l [PA,
ethanol, Z2}3. methanol®t &3Py Egle] &
methanol2 253 AH gte] Fa e & 5 sl
22} spironaphthooxazine®] 3¢ CClLelA
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Scheme 3.

2ok Lorentzs} Gauss ¥l T Y=
&5 At

AW=X[1+ XA v~ X)) "expl - X v~ X))

A7\ AWE AFEF voilde $EE X&
rea A FFE, o= AW F7E doid |9
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X Gauss whee] Ahvpiie] g5e) In2E ¥¢
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width, Lorentzian half widthe] 47}2] H<g F9f
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Fig. 4. Computer resolution of absorption spectra for
spironaphthopyran in various solvents. (a) ethanol, (b)
CHICN, (c) benzene and (d) CCl,.
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Fig. 5. Plots area ratio vs. £ value for spironaphtho-
pyran in various solvents. @: peak 1, + : peak 2,
X : peak 3.
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Fig. 6. Plots area ratio vs. Er value for spironaph-
thooxazine in various solvents. W : peak 1, + : peak
2, X : peak 3.
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