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ratio A/B differs markedly the expected value and hence the 
temperature dependence data may not be used to interpret 
the NMR chemical shift. We also observe from Table 3 that 
values of A, B and C depend markedly on the location of the 
NMR nucleus and the dominant contribution to 厶B/B arises 
from the 1/T2 term but the 1/T term is certainly significant.

At this moment it is required to mention that the NMR 
chemical shift has alreadly been examined and has derived 
a general mformula for a 4d* system in a strong crystal field 
environment of octahedral symmetry.7 It is however found that 
this formula is not correct, therefore we reexamine the NMR 
chemical shift for a 4W system in a strong crystal field en
vironment of octahedral symmetry and derive the correct ex
pression for 厶B/B. We also study further the temperature 
dependence of 厶B/B.
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Mutarotation of glucose in aqueous solvent has been ex
tensively investigated,1 but in nonaqueous solvents a few 
research works have been reported? Recently, Pincock3 et al. 
have reported the kinetic study of heterogeneous catalysis 
of glucose mutarotation by standard alumina suspended in 
dimethyl sulfoxide. In the alumina catalyzed mutarotation, of 
course, a thermal mutarotation was assumed to be negligiblle 
at room temperature. This led us to investigate a thermal and 
a photochemical mutarotation of a-(D)-glucose in dimethyl

Table 1. Thermodynamic Constants for Mutarotation of a-(D)- 

Glucose in DMSO and 비Q at 30° C. (a) reference ⑴ data, (b) this 

work except ziH

Solvent
an

cal. mol-1 deg-1

厶G

cal. mol-1

4S 

e.s.u.

HQ (a) -270 -327 0.19

DMSO (b) -270 -315 0.15

sulfoxide. Although the mechanisms of glucose mutarotation 
in DMSO are not thoroughly understood at present, we wish 
to report the mechanism including thermodynamic 
parameters, temperature dependence of quantum yield and 
the relationship between the rate constants and the quantum 
yields.

Irradiation4 of a-(D)-glucose in DMSO causes the photo- 
mutarotation and the reaction mixture reaches equilibrium at 
the optical rotation, [a] = 51°. During the irradiation, a ther
mal mutarotation was also observed especially at the elevated 
temperature and the equilibrium mixture showed optical rota
tion, [a] = 54°.

While the thermal mutarotation was reversible, the photo- 
mutarotation was irreversible,5 so that the two different rate 
equations6 were used to evaluate the rate constants (Figure 
1 and 2). Although the photo-mutarotation is irreversible, 
photo-mutarotation reaches equilibrium at the optical rota
tion, [a] = 51°. This equilibrium state may come from that 
the thermal equilibrium control overrides the irreversible

Table 2. Activation Energies for Mutarotation of cr(D)-Glucose in 

DMSO and HQ at 30°C. (a) Kcal, mol-1 (b) cal. mol-1, deg-1, (c) 

references 7 and 8. 서) this work

Solvent E/ 厶 厶H知 厶S此

H2O (c) 17.24 24.66 17.24 -24.9

16.09 22.08 16.09 -19.8

DMSO (d) 

(thermal)

거 28 23.20 20.0 -10.55

DMSO (d) 

(photo.)

10.28 22.44 9.62 -42.3

Table 3. Temperature Dependence of Quantum Yields, (a) 

Calculated Values Using kr (photo). (b) Mmol Disappearance vs. 

Milli Einst어n Absorbed

Temp(°C)
kr (min_,) 

thermal photo
枇心(b)

30 1.06x10- 3.75x10-4 0.21 (0.20)

40 2.91x107 8.69 xlO-4 0.48 (0.48)

50 1.05x10-3 1.55 xlO-3 0.86 (0.84)

60 2.09x10-， 2.21x10-3 1.28 (1.25)

70 5.75x10-3 3.30 xlO'3 1.83 (1.91)
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photo-mutarotation.
The thermodynamic constants of mutarotation in water and 

DMSO are not quite different (Table 1) and the large negative 
values for the entropies of activation (Table 2) are ascribed 
to the participation of solvent molecules in the transition state 
as shown.

HO

^.Idehydlc for*a-forB + t»-fora

The photo-mutarotation is irreversible that the rate con-

r t*<« (ml I), >

Figure 1. Plots of In 电气 vs. time (min.) under various temperature: 

a~ae
(1), last three points for 30°C.

TIm (sin.)

Figure 2. Plots of In — vs. time (min.) under various temperature:

stants (Table 3) were used to calculate the quantum yield 
by the following equation

= 읖 心

where Co, initial concentration; t, irradiation time; mE, total 
absorbed milli Einstein (0.56 mE per hour).10 As shown in 
Table 3, the marked increase in quantum yields with 
temperature may suggest that appreciable energy barriers wil 
be encountered where the photo-mutarotation is involved. 
Although it is too early to mention about the energy barriers, 
it seems likely that the excited species might be in thermal 
equilibirum or in complexed states with its solvent environ
ment and(or) thermally activated glucose molecules to pro
duce reponsible excited states for the photo-mutarotation 
whose quantum yields are over unity. Detailed mechanism in
cluding the responsible excited state, irreversibility of photo- 
mutarotation, and temperature dependence of quantum yields 
are under investigation.
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