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Abstract: The thermochromism of fluoran has been examined. The DCF exists as a colorless lactone in aprotic
solvents. However, the DCF exists in the form of an equilibrium mixture of a colored zwitter-ion and a colorless
lactone in protic solvents. When an acid is added to the solution, the DCF exists an equilibrium mixture as a colorless
lactone and a colored cation even in aprotic solvents. In order to understand the interaction between the DCF and
the solvent, absorption spectra of the DCF in various solvents were measured. The thermodynamic parameters of
the DCF have also been investigated. From the variation of absorbance with temperature, the standard enthalpy
changes AH? of the equilibrium between the lactone and the zwitter-ion in various solvents have been determined.
The standard enthalpy change AH? is approximately -2.0 kJ/mol in protic solvents. In acidic solution, the standard
enthalpy change is measured to be to zero in protic solvents within the experimental error. When the carboxylic
group is protonated in acidic solution, a poor interaction between the dye and the solvent is expected.
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Fig. 1. The UV-Vis spectra of Red-DCF in methanol solution.
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Fig. 2. The UV-Vis spectra of open form of Red-DCF in
MeOH (1.0x107 M). : 1) 10 °C, 2) 20 °C, 3) 30 °C,
4) 40 °C, 5) 50 °C, 6) 60°C
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Fig. 3. The UV-Vis spectra of open form of Red-DCF in
DMF with acid (10x107° M).

ring®] COO 7} Abol| &]sted COOH7} =17 wiiell
o] &) At A AFE T Ut /L
ok e A WA 9] el 9= DCFE] COOH
9} F4 AFlo]l dojd = & Aoty w24 DCF
o] X379 =" N(Et,9t gulele] 28] Fag 4
3 Ago] & Zloltt ojn] &ujete] s #go] A
W DCF 83815 7] W] A= THFORE o]
T Aot} wgtAa GEFF fujdA IS FFE
DCFY] A= B3O 2 o] %3S &elaldt). Fig.
4% Orange-DCF$} Red-DCFE Erzkoll take] Apuns
TAIskg Aolth o714 ARG Er#k-2 Dimorth}
Reichardt”} A|QFst &ul] =4 <A (solvent polarity
parameter)©] T}, o] &2 W& I Gl A solvato-
chromisme YER = tE4 < E2 2 pyridinium-N-
phenoxide betaine dye®] &wjol W2 o] oA &
fule] F49 HAEZ Yepd AJdH &9+
kcal'mol™'o] T}, o] AMAE EoA 435 nm, diphenyl
etherol] 4 810 nme] & I3

A BiE 7FA3A9 9ol solvatochromism 3
kinetic®] A& 37 (dielectric constant)s 2~
A R Erfhe 2BE B =FAE o] g 23
Al gt} BEgk o] Egke] AREC R MY & o2 |
& I GG UV-Vis)oll A solvatochromismS LEF
=l f-&317] wZolth divkatd 7Al G o
oJu}= solvatochromism-S A 0 24 W3S &+2l5}7)
o 7HAl B9 BE gl AX {88 AR
Erdb& AREsle o] o freldhr] wWZelth o 2l
A5 F, F74 d4(dielectric constant), Z-%koll H]s)A]
&3] wEolth gk F4o] & &= us
& o]Ho] Utk Fig 494 B 5 o] F 9

560

=  Red-DCF
sl v Orange-DCF

500 +

wavelength(nm)

480

3% 38 40 42 44 46 48 50 52 54 56
E.(Kcal/mol)
Fig. 4. Plots of A, vs. Er values for DCF in various solvents
with acid.

Analytical Science & Technology



Fluorand] 9 5.2 GHA

DCF 8= A &uiet A &mle A
el Bl BT A A vERES & F AUtk
o] 7% positive solvatochromism 73 &S Rl 9o
v gullof] F3e WA Gevhl 9T 5 A 9]
) FA BrjolM = 2 Aol dFS WS

T AU

s
B =TdMe dgy] Hetge S 4 ¥
A Aol S4L 2x7F SRl wet 3= |
FHatthe Aot Fig 2004 2utet ho] Lx7F &
2hitell wet 3 =rh Aadth ol 2% DCF=
=3 2ol HIE ol

closed form (lactone form) = open form (zwitter-ion form)

HYAF: Ke o3t 7ok
A,

K=—2"
[L]O_‘A‘z/8

o37)14, 4] 5= Beer-Lambert®] A A=gbe
off o3 AR FE& & Ut [Lle A= DCF 985
gufjol] H2l FEo)A, A} ez 772t QR FHE
St 533 Alseolth. Afe= [Llel ¥l F=7F 107~107
v Ywmolm g RAIE 4= t). Fig 164 & upe} 7
°] DCFAl §&2] @3go] vi¢- SHdstne deige
29 Y g ghol v Atk wEhA 919 22 2
AHH o7 g3} )

~Az/g

L]

Van't Hoff 2]& ©]-&-3}4,

.{M& AH AL L)
Keo(Ty R \T, T,
7V 53, By A K 553

S S

Lo HlEste,

Hrh 3 27t S7kskEA A7) gale] el ul
2 T2 BAS FiFololditt. mEtA,
A THAT)N  AHY 1 1
w( )R T

o] "t 714 d(T), dTo)= 22 Ty, ToellA o] 8-+
o] Yxolrh, weh In(A/d)E ITZ EAEH 7187
7} -HYRo] FBg dgy wWales 13 4 Q) B
Aol A AR 2% FH< 10 °C~60 °CollX= Lt
Mo golo] Ayl 2o wEha HlwA Ao

-
—

Vol. 22, No. 2, 2009

ol A3t

S

163

>
JQL’
»
M
Y

-086 |-
-087 |-
Z-o.as -
-089

-0.90 -

a1 22 33 o 25 36
Temp (1/T, 1x10°K")

Fig. 5. Plots of In (A/d) vs. 1/T for open form of Red-DCF

in methanol solvent.
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Table 1. Enthalpy changes of Red-DCF and Orange-DCF
using thermochromism

Red-DCF Orange-DCF

AH" (kJ/mol) AH° (kJ/mol)
MeOH -2.38 -2.52
EtOH -2.09 -1.65
PrOH -2.62 -1.72
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Table 2. Thermodynamic parameters of Red-DCF and Orange-DCF using thermochromism with acid

Red-DCF Orange-DCF
K AH’ AG’ AS° K AH° AG’ AS°
(kJ/mol) (kJ/mol) (J/mol) (kJ/mol) (kJ/mol) (J/mol)

MeOH 245 -0.22 -2.18 0.24 1.19 -0.28 -0.43 0.09
EtOH 1.66 -0.22 -1.23 0.41 4.60 -0.29 -3.72 0.06
PrOH 1.60 -0.17 -1.15 0.40 4.97 -0.70 -3.90 0.10
BuOH 2.88 -0.97 -2.57 0.49 2.47 2.32 -2.20 -0.26
TPA 0.75 0.47 0.70 0.25 3.28 0.54 -2.89 -0.03
Acetonitrile 1.39 0.87 -0.81 -0.72 5.71 1.70 -4.25 -0.14
THF 1.01 2.29 -0.03 -75.4 0.32 5.46 2.82 -1.85
DMF 1.83 0.81 -1.47 -0.35 6.21 18.8 -4.45 -1.84
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