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ABSTRACT. The cis = trans thermal isomerization of azobenzene derivatives has been studied. A
sizable solvent effect on the rates for thermal isomerization of push-pull azobenzenes are observed. It
is suggested that the isomerization proceeds via a rotational mechanism. For non push-pull azobenzenes,
the lack of solvent effects on the rate of isomerization was observed. This suggests that the isomerization

proceeds via an inversional mechanism for non push-pull azobenzenes.
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Fig. 1. Plots of absorbance vs. time (sec) for the iso-

merization reaction of 4-anilino-4'-nitroazobenzene

in THF solution: B, 10T ; 0, 15C; +, 20T ; A, 25C.
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Fig. 3. Plots of In(A. —A)) vs. time (sec) for isomeri-
zation reaction of 4-anilino-4’-nitroazobenzene in va-
rious solvents at 25C : X, cyclohexane; +, n-hexane;
[, benzene; X, ethyl ether; W, ethyl acetate; A, THF.
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Fig. 4. Plots of Ink vs. 1/T for isomerization reaction
of 4-anilino-4'-nitroazobenzene in various solvents:
A, toluene; [J, n-hexane; M, benzene; X, THF; X,
ethyl ether; +, ethyl acetate.
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Table 1. The data for the first-order rate constants of isomerization reaction of 4-anilino-4'-nitroazobenzene
in various solvents at various temperatures

Rate constant X10° (s

Solvent - > . - - s s . -
15C 20C 25C 30C 35¢C 40C 45C 50C 55C

n-hexane 0.78 124 175 2.62 3.33 5.18 7.60 134

cyclohexane 0.49 0.69 0.99 1.56 247 3.80 6.36 10.2 16.1

benzene 051 0.85 145 245 4.70 7.36 12.2 18.0 29.0

toluene 1.03 1.50 2.50 4.00 7.10 11.6 180

ethyl ether 1.55 2.40 345 5.46 9.13 15.0 23.1 385

ethyl acetate 3.85 6.10 10.1 175 250 35.2 52.5 80.5

THF 100 15.0 215 343 485 64.8 111 164

acetone 970 1190 1550

Table 2. The data for the first-order rate constants of isomerization reaction of 4-amino-4’-nitroazobenzene
in various solvents at various temperatures

Rate constant X10° (s™")

Solvent - . s - - s s ~ >
15T 20T 25T 30T 35C 40T 45C 50C 55C

n-hexane 2.75 430 550 8.03 10.0 13.7

cyclohexane 2.60 4.30 5.20 7.40 11.6 16.2

1,4-dioxane 2.50 331 447 6.42 7.80 10.1 135 17.7

toluene 1.77 2.37 3.98 6.20 857 135 20.0

ethyl ether 16.0 23.0 34.0 52.4 68.0 106

ethyl acetate 53.0 68.2 90.4 112 135 154 200

THF 11.0 15.0 21.2 26.0 35.0 111 164

Table 3. The data for the first-order rate constants of isomerization reaction of 4-(N,N-ethyl-2-hydroxyethyl)
amino-4'-nitroazobenzene in various solvents at various temperatures

Rate constant X10° (s
Solvent

15C 207C 25C 30T 35C 40T 45C 50T 55C

n-hexane 247 4.16 712 9.50 15.0 20.0
cyclohexane 1.85 3.35 5.05 8.00 13.8 17.7 34.2 475
1,4-dioxane 150 23.0 30.0 48.0 79.1 100 190
benzene 264 330 53.3 66.1 93.0 107 145 169
toluene 15.3 23.0 37.0 51.0 76.0 115 143
ethyl ether 35.0 45.0 68.1 104 138
ethyl acetate 320 440 620 800

o]o Hk3}lod 4-(dimethyl)aminoazobenzene} 4- shte] Aav) sp B ASFFE 7ha 2 RulE
(diethyl)aminoazobenzene-2- &+ Zollul A2} F=7] ol Fxe} o] FAE YA fornz fuf
(electron donating group)3t A.E2 Wi-rl= A7l A ¢l& Folvh Table 40 23 4-(di-
olzwl AT 7ro] AH|E o)L e Ho|AHE methyl)aminoazobenzene} 4-(diethyl)aminoazo-
71 4= girh aebA o] AR g ukg- oy F-& ukd benzene-> &vje} FAlo] Frigtelx E5t5 wb
w71 ) E(inversional mechanism)& &34 = S5} A HEA 4&E& o F AUtk Fig. 5

Zole}. )& 7% Aolael7l N=N o]52¢ & ofxdlAl f=A S48 WE5E 47E nk o
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Table 4. The data for the dielectric constants and first-order rate constants in various solvents at 25T

Rate constant X10° (s71)

Dielectric constant

Solvent © push-pull AB” non push-pull AB
¢ 0)] @ 6] @ %)

n-hexane 1.88 1.24 2.75 4.16 1.53 1.30

cyclohexane 2.02 0.99 3.35

1,4-dioxane 221 447 30.0

benzene 2.28 145 33.0 0.80 0.93

toluene 2.38 1.50 2.37 23.0 0.60 2.10

ethyl ether 4.34 345 16.0 68.1 0.45 0.66

ethyl acetate 6.02 10.1 68.2 620

THF 7.58 215 15.0 0.13 037

sec-butyl alcohol 16.6 0.36 0.76

n-butyl alcohol 175 0.53 0.56

IPA 19.9 0.27 0.23

acetone 20.6 970

acetonitrile 359 0.07 0.09

“AB: azobenzene, (1) 4-anilino-4'-nitroazobenzene, (2) 4-amino-4'-nitroazobenzene, (3) 4-(NV,N-ethyl-2-hydroxy-
ethylamino-4'-nitroazobenzene, (4) 4-dimethylamino azobenzene, (5) 4-diethylamino azobenzene, Dielectric co-

nstant at 20T .
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F7le okzdlAl frEAS A= FAAdTEFe]

10 ol3kel A$E HA A7IZE FALHOUe]
10 o]4el AL AW iThIEE ATk olF

A7l &S 7Hthe o1F Wy &S #]l3r] §
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nolol A& 5457} o) §- w2 o 71&2] UV-Vis
B37 2 weEr s 2] P57 gFolch
a2 Fig. 59 7542 A v B Age A4
= ol FAYEFe] 10 o] }‘il AE¥E 3
Mol Pu-g7)e °Lx-L D A 270 & &

ink

=]
5 10 15 20 25 30 35 40
dielectric constant (z)

Fig. 5. Plots of Ink vs. dielectric constant (¢) for va-
rious azobenzene derivatives. W: 4-anilino-4’-nitroa-
zobenzene; +: 4-amino-4’-nitroazobenzene; X, 4-(N,
N-ethyl-2-hydroxyethyl)amino-4’-nitroazobenzene;
TJ: 4-dimethylaminoazobenzene; A: 4-diethylaminoa-
zobenzene.

oluk Hak FE71ek e olxwlAle WS
v A vl Ayt FEHA 2belrt S-S gl
T sk wekd 2 AgelA A" 39 Fa-
37l o2l FEA(HFHE 1~-3)2 ¥FA4 &
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Table 5. The data for the dielectric constants and acti-
vation energy (E,) in various solvents

Dielectric E. (kJ/mol)

Solvent constant push-pull AB®

© » @ @
n-hexane 1.88 61.8 50.1 64.8
cyclohexane 2.02 69.7 58.9 74.7
1,4-dioxane 221 - 431 62.6
benzene 2.28 80.5 - 43.6
toluene 2.38 77.1 64.8 60.6
ethyl ether 434 713 601 529
ethyl acetate 6.02 66.7 339 449
THF 7.58 61.2 70.5 —
acetone 20.6 35.8 - -

“AB: azobenzene, (1) 4-anilino-4'-nitroazobenzene, (2)
4-amino-4'-nitroazobenzene, (3) 4-(N,N-ethyl-2-hy-
droxyethyl)amino-4'-nitroazobenzene, *Dielectric con-
stant at 20TC.
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Table 6. Thermodynamic parameters for the cis-to-frans thermal isomerization in various solvents

Compound No. X Y Solvent AH#* (kcal/mol™!) AS* (eu)
1 NO, NH(CsHs) Benzene 18.7 -89
1 NO, NH(C¢Hs) Toluene 17.8 ~11.6
1 NO, NH(CsHs) Ethyl ether 16.5 —14.5
1 NQ. NH(C¢Hs) Cyclohexane 16.1 —183
1 NO. NH(C¢Hs) Ethyl acetate 154 —16.2
1 NO; NH(CsHs) n-Hexane 14.2 —245
1 NO, NH(CsHs) THF 140 -19.2
1 NO; NH(CsHs) Acetone 79 —32.0
2 NO, NH; THF 163 —12.6
2 NO, NH; Toluene 149 —20.5
2 NO, NH, Ethyl ether 13.8 —20.5
2 NO. NH. Cyclohexane 135 —25.9
2 NO, NH; n-Hexane 114 -321
2 NO, NH, 1,4-Dioxane 9.7 —36.8
2 NO, NH, Ethyl acetate 7.5 -~388
3 NO; N(C.H:(C,H,OH) Cyclohexane 17.3 —12.3
3 NO, N(C.Hs)(C:H,OH) n-Hexane 149 —19.6
3 NO, N(C.H;)C;H,OH) 1,4-Dioxane 144 -171
3 NOz N(Csz)(CzH40H) Toluene 13.7 -199
3 NO, N(C,Hs)(C;H,OH) Ethyl ether 12.1 —235
3 NO. N(C,H;)(C;H,OH) Ethyl acetate 10.2 -255
3 NOz N(C2H5)(C2H4OH) Benzene 9.8 —323
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Fig. 6. AH*-AS* compensation relationship. +: 1 in
various solvents; X: 2 in various solvents; [J: 3 in
various solvents; A: 4-dimethylamino-4'-nitroazobe-
nzene in various solvents (cited from ref. 8); W: cited
from ref. 8, ref. 9.

A AZE Aio] EelAcke Aol F A4
PSS AHSE ASIE B He Afold 3
e &+ gtk

2 AFe 4 AH4-¥ 4-dimethylaminoazoben-
zene¥} 4-diethylaminoazobenzene2] 7$- ¥l-g4 %
7} wl§- =822 AH* AS* & o8] £9& &AsHx]
3ok go g o] 3Eo g I7E o] AP
o Holc}. A= AFT ule} zho] Lojis)
WS X AZE B9 o5 g2 kA
W7l Eel faA o]AdAE uhgo] dejjr=
AH?-AS* FAAA wbd w7l S sigsEe
Az Aol hds]= AH 9} AS*3HE 713 & A&
g 3 g Aolth ¥ d79 HA# AH 9} AS*
FAA o2 HE olzulA §
Ak Ao) Wl WeSE Yoe) geiasiE
FE ukg w7 S-S A9k AR o ggAo)
Uee HA¥ 5 Uik

¥4 B

olzWIAl FEA S AL > EFx o)A s} vk

58 F4stdch u-Prl chzdAe §uel
2ol 7MY 4% WIHEE F/HUE FAHA

Journal of the Korean Chemical Society



olzWlAl FEAe oA uESrd A AT 561

o} wEpx Wi-3r)es ol2iAle Holde sl =
vlE o] Y& JlA= A I EE AZTS
o 4 qlch. £=3 AH*-AS* #A|AS o438 Hz
Wu-grle olzdAle A wiyhEFs 4l
Sl BAIge] A3S ¥ 5 sl 2t
A3-F7= ofxWiAle] obd 3HEL SR
L EZA7E Ao glfol ¥HgeER, N=N o
A% F 3}y ALr) sp 4 AEYFE A=
Ao A E 7AHA whdEo] oA} dojuk=
WA w7 ES AEEE d&E 4 sk

o) AE Gaataeke] 84 TATH(931-
0300-015-2)2 58 RIuIc. olol] Azkol] FHAHE
=34},

28 £ #

1. Zollinger, H. Color Chemistry; VCH: Weinheim,

1994, Vol. 38, No. 8

10.

Germany, 1987; Chap. 7.

. Brown, G. H.; In Techniques of Chemistry, Photo-

chromism; Wiley: New York, U. S. A, 1971; Vol.
3, Chap. 5.

. Liu, Z. F.; Hashimoto, K.; Fujishima, A. Nature

1990, 347, 658.

. Wildes, P. D.; Pacifici, J. G.; Irick, G.; Whitten,

D. G. J. Am. Chem. Soc. 1971, 93, 2004.

. Asano, T. | Am. Chem. Soc. 1980, 102, 1205.
. Asano, T.; Okada, T. ] Org. Chem. 1984, 49, 4387.
. Shin, D. M.; Whitten, D. G. ] Am. Chem. Soc.

1988, 110, 5206.

. Asano, T.; Okade, T.; Shinkai, S.; Shigematsu, K.;

Kusano, Y.; Manabe, O. ] Am. Chem. Soc. 1981,
103, 5161.

. Nerbonne, J. M.; Weiss, R. G. J Am. Chem. Soc.

1978 100, 5953.
AeT; olFE; 2, daE3e) A3, 1993;
p 407~408.



