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Time-resolved Measurements of Thermodynamic Quantities and Applications

Masahide Terazima

(Received September 20, 2002; Accepted October 8, 2002)

Although the thermodynamic quantities are very fundamental and important quantities to
describe chemical states, these quantities have been studied only under the equilibrium condition.
This limitation was a serious problem for understanding transient chemical processes including
photochemical reactions. One challenge facing chemists studying chemical reactions is to
obtain thermodynamic information about non-equilibrium states involved in rapid reactions.
Several methods we have developed recently for the measurement of the time-resolved
thermodynamic quantities were reviewed. Using these methods, we are now able to measure the
initial step of the heating process due to the nonradiative transition, enthalpy of reaction,
partial molar volume change, thermal expansion coefficient, and heat capacity of transient species.
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Fig.1 Schematic illustration of the transient grating
method.
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Fig.2 Schematic illustration of the transient lens method.
The dark part inside the sample denotes the photo-
illuminated region and the refractive index of
this region is changed by the photothermal effect
and chemical reactions. The solid line and the
dotted line indicate the beam paths before and
after the creation of the transient lens,
respectively. The change of the beam radius by
the lens effect is detected as the change of the
light intensity passing through the pinhole.
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Fig.3 (a) Acoustic signal (corresponding to the density
change) and (b) temperature grating signal
(temperature change) after the instantaneous
heating process at td 0 under the transient grating
condition. Acoustic transit time, T is determined
by the experimental condition and it is typically
in a range of 400 psO 100 ns.
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Fig.4 Time profile of the transient lens signal after the

photoexcitation of Ni2o in aqueous solution:
(@) ly, (b) Io signals. The signal downward
indicates the creation of the convex lens.
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Fig.5 Time profiles of (a) optical Kerr lens component

and (b) temperature lens signal obtained from the
transient lens signals shown in Fig.4. Dotted line:
calculated temperature rise profile with a very
fast rate (O 2 ps). Broken line: calculated
temperature rise profile with a lifetime of 10 ps.
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Fig.6 (a) Molecular structure of Betaine-30 and the

energy diagram. The radiationless transition
occurs without changing the energy and then the
energy relaxation (cooling) takes place. (b)
Observed acoustic grating signal after
photoexcitation of Betaine-30. The peak delay
time was calculated within an accuracy of 2 ps
by measuring the peak arrival time accurately.

Ooo0O0O00Fig6eO0O0000O0® 000000300

os;00000000000000000DOO0000000

000000000 0000000Fig6MO000Ss
-(S&)-S1-S0000000000000000000
oobooo ss-s,000o0o0ooooooooooooo
oos,000obob0zo10opsiooooooonooonon
goooooboooooooooboboooooooooooo
oos,0000000000DO0000b00O0O0DbOO
Oremp0O000000O00C0OO0COOOCOOCOOOOODGO

TempUOOO0O000OO000O0O00O0O0O0O0O08psOOOO

goooboOoboOooNOooobOOooooooobooo
goooooboooboooooooobooooooooboooo

212

jodoobooboooooooobooooooo
oobobO0odd0rempO00000O0O0OOOODOO
gbobooooooboboooooobo0remp0OOOoOO
goooooooboobboboodbwbbooooogo
g00O0O0O00obbOOOONewOOOOoooboooobo
Jo0boO0o0000obOoO0o0o0oobooboOooooooo
OJOO00ONow OOOODODOO0OO00O0ODODODOOOOODODOD
gooboooo0ooobobooooobboooooobobo
gobboooooboooboooooobobooooooboo
goboboooooboboooooobbboooooobo
gobOooO0o0oooobobooooobooooooooo
go00o0O000ooooOoO0ooooobooooOoobooD
goboooO0o0ooooobo0ooooobooooooDooD
goboooo0ooooboboooooobbooooooobo
goboboooOooobobbooooobobobooooooboo
gobooooouoobooboooouobbooooooboo
goboooooobooooobobboooooboboooo
go00o0O000ooooOoO0ooooobooooOoobooD
gooooobooooooooo
goboooooooobboooooobooboooooo
jooooooopeO0b0d0oooooooooooo
gobobboooo0oooooobooooooobooobo2o
ps0000D00O0OO00O0O0O0O0OOODODODOOOOOOOO
go0o00O000ooooOoO0oooooobooOoooboo
goodooooooobooDboD20ps00oooogn
Uoo00oo0o00ooooodoooodgbo00dd Temd
gobooooooobooooobooboboooooboo
gobobooooooboboooouobboboooooooo
go0o0oob0obOobOOobobooboouoo1psoboonog
gooooobozopsCO0000000O00000O00O000O
godz:10000
gobooooooobobobooooooboboooooo
0oO» 0oddooo0o0oooRrROOOOOOODOOO
jioidddoooooooooomobooooooa
00000o0ooooooooooooOoOoOdddirectly
energy accepting! DEA) DO OO00OO0OOOFig.7MO0O
goboooOo0o00ooboOo0ooooobooooooD
goooooODEADOUOOOOODDODOOOOOOO
gobooooooobooooobooboboooooboo
gobooooooooboooouoboboooooobooo
gobObooOOo0oooobobooOooobooooooobooo
Jgo00o0O0o000oobOoOOo0oooboboooooooo
goooooooopoooUooooooDooOoUdrigym
gobobooo0oooobobooooooboboooooooboo
goooooobobobobbz2o30bbbb0o0oooogo
gobooooooobobooooobboboooooooo

Netsu Sokutei 290502002



gooboooooooooooood

(a

DEA solvents

(b)

1200

1000 4
¥

-~ 800 i

|- Tsolutc
600 |- 4
400 F Tppr 7

| T
0 5 10 15 20
t/ ps

Fig.7 (a) Heat releasing model from the photo-excited

molecule and (b) the calculated temperature
change for photo-excited solute (solid line) and
the DEA molecule (dotted line). The broken line
on the solid line is the best fitted curve with a
bi-exponential function.
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Fig.8 The TG signal after the photo-excitation of

octopus rhodopsin in buffer solution on different
time scales. Dynamics that represents the
transformation of the rhodopsin are presented.
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Fig.9 Enthalpy curve (upper) and the volume change

curve (lower) during the photo-reaction of octopus
rhodopsin. The enthalpy curve determined for
cryogenically trapped intermediate species by
the direct calorimetric measurement is shown by
a broken line.
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Yellow Protein) determined by the transient
grating method.
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