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Azobenzene-conjugated mononuclear and dinuclear terpyridyl complexes of Co", Co", and Fe" were synthesized,
and their photoisomerization behavior was investigated. Co" and Co" complexes, [tpyCo(tpy-AB)]X, and [(Cotpy),-
(tpy-AB-tpy)]Xn (tpy-AB = Cy5N3H;g—CsHs—N=NCgHs, tpy-AB-tpy = Cy5N3H1g—CgHs—N=NCgH;—C15N3H1o, X
= PFg or BPhy), exhibit trans-to-cis photoisomerization by irradiation at 366 nm, and this behavior is dependent on
solvents and counterions. For the Co" complexes, BPh, salts undergo cis-to-trans isomerization in propylene carbonate
by both photoirradiation with visible light (435 nm) and heat, indicating that reversible trans—cis isomerization has
occurred. [Co(tpy-AB),](BPhs), shows a two-step trans-to-cis isomerization process. The trans—cis isomerization
behavior of Co" complexes was observed only in the solvents with a low donor number such as 1,2-dichloroethane.
Fe'' complexes, [tpyFe(tpy-AB)]X, (X = PFs or BPh,), exhibit slight trans-to-cis photoisomerization due to the
energy transfer from the azobenzene moiety to Fe(tpy), moieties.

have been reported. This recent activity is due to the

b ) o . potential for azo-conjugated transition metal complexes to
Azobenzenkand its derivatives undergo reversible trans provide new advanced molecular functions based on com-

Cis isomerization in response to photo and thermal input, inations of photoisomerization of the azo group and changes
and much effort has been devoted to clarifying the isomer- i the intrinsic properties, i.e., in the optical, redox, and
ization mechanisrMoreover, such isomerization of azoben-  magnetic properties originating from the d-electrons. Some

zenes is the current subject of research interest in the areay the reported complexes have actually shown novel
of photon-mode high-density information storage and pho- pehavior not generally observed for organic azobenzenes

toswitching device$.Recently, metal complexes including  jncluding reversible isomerization by the combination of the
azobenzene and related compounds as building blocks have

been synthesizetland a number of studies concerned with 3y (a) Rau, H.Photochromism. Molecules and Systesir, H. B.,
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Azobenzene-Conjugated Metal Complexes

reversible redox reaction of the metal center and single light Chart 1

irradiatior?®’ and MLCT photoisomerizatio?f;' indicating
that the type of attached metal complex controls such
functionalities.

We have constructed an azobenzene-conjugated terpyridine

transition metal complex systérand carried out a systematic
study of its trans-cis isomerization and other photochemical

and electrochemical behavior, as dependent on metal centers,

composed of Ru(llf2¢ Rh(ll1),5>¢ and Pt(lIf¢ complexes.
Ru(ll) complexes showed only a 20% trans-to-cis photoi-

somerization because of the energy transfer from the azoben-

zene unit to the Ru(tpylnits. In contrast, Rh(lll) complexes
showed complete trans-to-cis photoisomerization, with the

behavior being dependent on solvents and counterions, and
the generated cis form appears to have a very long lifetime.

Pt(ll) complexes showed reversible trartés isomerization,
and photoluminescence switching linked to the tracis

configuration change was observed. These results indicate
that the photoisomerization properties of the azobenzene

moiety in the complexes are significantly dependent on the

central metals and are perturbed by the complex units with

intense MLCT bands in the visible region due to the energy
transfer.

In this study, we employed azobenzene-bound terpyridine
complexes of the 3d metals, cobalt and iron, and compared

them with previously created complexes of 4d metals,
rhodium and ruthenium, belonging to the same group,
respectively. It is well-known that Cepolypyridine com-
plexes show reversible electrochemical behdvamd have

no intense MLCT or e-d bands, but very weak bands in
the visible regiori™"8 Under the normal synthetic conditions,
we can obtain the complexes in which the cobalt center is
divalent, but we can easily generate trivalent cobalt com-

[(Cotpy)a(tpy-AB-tpy)]Xn
X' = PFg, BPhy

—n+

#O

*nX"

[tpyM(tpy-AB)]IX,

M= co', co' Fe
X = PFg, BPhy"

[Co(tpy-AB);] (BPhy),

we have found redox-combined single light reversible
isomerization for tris(azobenzene-bound bipyridine)col§alt.
There have been many reports of Rerpyridine com-
plexes!® with recent studies having been focused on the
reversible redox properties and spin-crossover behavior.
Herein, we present syntheses of new azobenzene-bound
Co(ll), Co(lll), and Fe(ll) complexes (Chart 1), and we
describe their photochemical and electrochemical properties.

Experimental Section

plexes by adding an appropriate oxidizing agent or even by Materials. 2,2:6',2"-Terpyridine (tpy)}* CoChtpy,'? FeChtpy '3

air-oxidizatio? because the redox potential of Co(ll)/
Co(lll) is nea 0 V versus NHE. It should be mentioned that

(5) (a) Hayami, S.; Inoue, K.; Osaki, S.; Maeda, Ghem. Lett.1998
987-988. (b) Yam, V. W.-W,; Lau, V. C.-Y.; Wu, L.-XJ. Chem.
Soc., Dalton. Transl998 1461-1468. (c) Tsuchiya, SI. Am. Chem.
S0c.1999 121, 48-53. (d) Aiello, I.; Ghedini, M.; La Deda, M.; Pucci,
D.; Francescangeli, CEur. J. Inorg. Chem1999 1367-1372. (e)
Kurihara, M.; Matsuda, T.; Hirooka, A.; Yutaka, T.; Nishihara, H.
Am. Chem. So00Q 122 12373-12374. (f) Nihei, M.; Kurihara,
M.; Mizutani, J.; Nishihara, HChem. Lett2001, 852-853. (g) Kume,
S.; Kurihara, M.; Nishihara, Hl. Chem. Sa¢Chem. Commur2001,
1656-1657. (h) Kurihara, M.; Nishihara, HCoord. Chem. Re 2002
226, 125-135. (i) Kurihara, M.; Hirooka, A.; Kume, S.; Sugimoto,
M.; Nishihara, H.J. Am. Chem. So2002 124, 8800-8801.
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Nishihara, H.Inorg. Chem.200Q 39, 3438-3439. (c) Yutaka, T.;
Mori, I.; Kurihara, M.; Mizutani, J.; Kubo, K.; Furusho, S.; Matsumura,
K.; Tamai, N.; Nishihara, Hinorg. Chem 2001, 40, 4986-4995. (d)
Yutaka, T.; Mori, I.; Kurihara, M.; Mizutani, J.; Tamai, N.; Kawai,
T.; Irie, M.; Nishihara, H.Inorg. Chem.2002 41, 7143-7150.
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Chim. Actal98Q 4, 221-226. (c) Ruminski, R. R.; Petersen, J. D.
Inorg. Chim. Actal985 97, 129-134. (d) Guadalupe, A. R.; Usifer,
D. A,; Potts, K. T.; Hurrell, H. C.; Mogstad, A.-E.; AbfanH. D.J.
Am. Chem. Sod 988 110, 3462-3466. (e) Ramprasad, D.; Gilicinski,
A. G.; Markley, T. J.; Pez, G. Rnorg. Chem 1994 33, 2841-2847.
(f) Storrier, G. D.; Colbran, S. B.; Craig, D. G. Chem. Soc., Dalton
Trans 1997 3011-3028. (g) Storrier, G. D.; Colbran, S. B.; Craig,
D. C.J. Chem. Soc., Dalton Tran£998 1351-1363.

(8) Judge, J. S.; Baker, W. Anorg. Chim. Actal967, 1, 68—72.

tpy-AB,°¢ and tpy-AB-tpy2 were prepared according to the
literature. Ammonium hexafluorophosphate (M), sodium
tetraphenylborate (NaBRf CoCL-6H,0, and FeGF4H,0O were
purchased from Kanto Chemicals and used as received. Fer UV
vis spectroscopy, dimethyl sulfoxide, propylene carbonate (Kanto
Chemicals, guaranteed grade), &hN-dimethylformamide (Dajin,
spectroscopic grade) were used as received. Propylene carbonate
used for the electrochemical measurements was of HPLC grade.
Tetrabutylammonium tetrafluoroborate (lithium-battery grade) for
the electrochemical measurements was obtained from Tomiyama
Chemicals.
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(e) Hathcock, D. J.; Stone, K.; Madden, J.; Slattery, $harg. Chim.
Acta 1998 282 131-135. (f) Constable, E. C.; Baum, G.; BiIll, E.;
Raylene, D.; van Eldik, R.; Fenske, D.; Kaderli, S.; Morris, D.;
Neubrand, A.; Neuburger, M.; Smith, D. R.; Wieghardt, K.; Zehnder,
M.; Zuberbihler, A. D.Chem. Eur. J1999 5, 498-508. (g) Kimura,
M.; Horai, T.; Muto, T.; Hanabusa, K.; Shirai, Kkhem. Lett1999
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Table 1. Crystal Data and Structure Refinement Details for
[Co(tpy-AB)](BPhy).

empirical formula GogHsaN12B2Co
fw 1606.46

cryst dimens 0.4 0.30x 0.20 mn?
cryst syst monoclinic
a(A) 22.895(5)

b (A) 21.1422(11)
c(A) 18.7864(5)

f (deg) 106.8040(7)

V (A3) 8705.1(14)
space group C2lc

Zvalue 4

Dcalcd 1.226 g/crﬁ
Fooo 3364.00
residualsR; Ry 0.097; 0.116

Apparatus. UV —vis, IR, *H NMR, and ESI mass spectra were
recorded with Jasco V-570 and Hewlett-Packard 8453—-ig

Yutaka et al.

10 Hz. The residual portion of the fundamental output was focused
on a 1-cm HO cell to generate a femtosecond supercontinuum
probe pulse. The planes of polarization of the pump and probe
beams were set to the magic angle (8%t@ avoid any anisotropic
contribution to the transient signal. Both beams were focused on
the sample in a 2-mm cuvette at an angle of less tlaiansient
spectra were obtained by averaging over 200 pulses and analyzed
by an intensified multichannel detector (Princeton Instruments,
ICCD-576) as a function of the probe-delay time. The spectra were
corrected for the intensity variations and time dispersions of the
supercontinuum. Rise and decay curves at a fixed wavelength were
measured with a photodiogienonochromator (Japan Spectroscopic,
CT-10) combination. The sample concentration for transient absorp-
tion spectra was kept within a range-1.5 x 104 M. The solution

was allowed to flow through a 2-mm flow cell using a magnetically
coupled gear pump (Micropump, 04832) to avoid any possibility

of sample damage during the transient absorption measurement.

spectrometers, a Jasco FT/IR-62-v spectrometer, JEOL EX270 and Syntheses. A General Synthetic Procedure for [(Cotpyjtpy-

Brucker AM 500 spectrometers, and a Micromass LCT (time-of-
flight mass spectrometer), respectively. Photoisomerization mea-

AB-tpy)]X 4 and [tpyCo'" (tpy-AB)]X » (X~ = PFs~ or BPh;). A
mixture of CoCjtpy (0.069 g, 0.15 mmol) and tpy-AB-tpy (0.050

surements were carried out under a nitrogen atmosphere using 3, 0.077 mmol) in ethylene glycol (5 mL) was heated at reflux for
500 W super high-pressure mercury lamp USH-500D (USHIO) @s 1 ) agter the mixture was cooled to room temperature and filtered

an irradiation source. The 366-nm light was isolated with a UV-
D35 Toshiba glass filter. The 435-nm light was isolated with a
combination of a Y-43 Toshiba glass filter and KL-44 Toshiba
interference filter.

Crystal Structure Determination. [Co(tpy-AB),](BPhy),:2CHs-
CN was crystallized as red-brown blocks by slow diffusion from
diethyl ether into an acetonitrile solution. Selected crystallographic

off, excess NHPFK; or NaBPh in water (30 mL) was added to the
filtrate. The precipitate formed was centrifuged and filtered, and
then recrystallized from acetonitriteether to yield red powders.
The mononuclear complexes, [tpy&py-AB)]X,'s, were prepared
by the similar method of (Cotpy}py-AB-tpy)-4PF except for
using tpy-AB instead of tpy-AB-tpy.

[(Cotpy)a(tpy-AB-tpy)](PF¢)s. Yield 80%. Anal. Calcd for

data and experimental details are listed in Table 1 (see SupportingcyzH50N14CozF24P4: C 47.78 H. 2.79: N. 10.84. Found: C. 47.91:

Information).
Measurements of Trans-Cis Isomerization and Quantum
Yields. A 1-cm light path-length quartz cell was used for the

photoisomerization measurements. The sample concentration was

approximately 1x 10-> M. Sample solution was degassed by N
bubbling before photoirradiation and stirred during trans-to-cis and
cis-to-trans isomerization. The cis-to-trans thermal isomerization
rate was measured by the “kinetic” mode of Hewlett-Packard 8453
UV —vis spectrometers, where the BVis spectra were measured
continuously with determined intervals at a given constant tem-
perature. Quantum yields of trans-to-cis photoisomerization were
measured for each complex using[Re(C,04)s] as a chemical

actinometer from the absorbance changes within a 10% trans-to-

cis structural conversion.

Electrochemical MeasurementsA glassy carbon rod (diameter
5 mm; Tokai Carbon GC-20) was embedded in Pyrex glass, and
the cross-section was used as a working electrode. Cyclic volta-
mmetry measurements were carried out in a standard one-
compartment cell equipped with a platinum-wire counter electrode
and a Ag/Ag reference electrode under Ar with a BAS CV-50W
voltammetric analyzer.

Femtosecond Transient Absorption SpectraThe arrangement
for the femtosecond pumgprobe experiment was essentially the
same as that reported elsewh¥rBriefly, the laser system consisted
of a hybridly mode-locked, dispersion-compensated femtosecond
dye laser (Coherent, Satori 774) and a dye amplifier (Continuum,
RGA 60-10 and PTA 60). The dye laser (gain dye Pyridine 2 and
saturable absorber DDI) was pumped with a cw mode-locked Nd:
YAG laser (Coherent, Antares 76S). The sample was excited by
the second harmonic (360 nm) of the fundamental (center wave-
length 720 nm, pulse widtk200 fs fwhm) at a repetition rate of

(14) (a) Tamai, N.; Masuhara, Ehem. Phys. Letl992 191, 189-194.
(b) Mitra, S.; Tamai, NChem. Phys. Lett1998 282 391—-397.
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H, 3.00; N, 10.56. ESI MSwz 759.13 ([(Cotpy)(tpy-AB-tpy)-
2PR]?* requires 759.11), 457.76 ([(Cotp{fpy-AB-tpy)-1PR]3*
requires 457.75), 307.08 ([(Cotpitpy-AB-tpy)]** requires 307.07).
[(Cotpy)a(tpy-AB-tpy)](BPh 4)4. Yield 40%. The sample for
elemental analysis was purified from DM{€ther. Anal. Calcd for
CieaH130N14B4C0*3DMF-2H,0: C, 76.99; H, 5.66; N, 8.62.
Found: C, 76.70; H, 5.36; N, 8.51. ESI M8z 933.84 ([(Cotpyy
(tpy-AB-tpy)-2BPhy]?* requires 933.82), 516.15 ([(Cotp{tpy-AB-
tpy)-1BPhy]3* requires 516.16), 307.08 ([(Cotpiipy-AB-tpy)]*"
requires 307.07).

[tpyCo' (tpy-AB)](PFe)2. Yield 64%. Anal. Calcd for GoHzoNs-
CoR4P,: C, 50.67; H, 3.04; N, 11.25. Found: C, 50.75; H, 3.15;
N, 11.10. ESI MSm/z 850.13 ([tpyCd(tpy-AB)-1PR]™" requires
850.16), 352.60 [tpyCHftpy-AB)]2* requires 352.60).

[tpyCo'" (tpy-AB)](BPh 4).. Yield 59%. Anal. Calcd for GoH7¢-
NgB2Co-H,O: C, 79.36; H, 5.33; N, 8.23. Found: C, 79.12; H,
5.29; N, 8.19. ESI MSwz 352.61 ([tpyCd(tpy-AB)]?" requires
352.60).

[tpyCo" (tpy-AB)](PF¢)s. tpyCd' (tpy-AB)-2PF; (0.051 g, 0.051
mmol) was dissolved in hot methanol (150 mL), and the solution
was added dropwise into the methanolic solution (5 mL) of AgCF
SO; (0.080 g, 0.31 mmol). The mixture was heated at reflux
overnight and filtered through a Celite layer. After excess,RIiF
was added, the red solution was evaporated until a red precipitate
appeared. The red precipitate was filtered and recrystallized from
acetonitrile-ether. Yield 0.041 g (70%).

Anal. Calcd for GoH3oNgCoFgPs: C, 44.23; H, 2.65; N, 9.82.
Found: C, 44.17; H, 2.83; N, 9.7%: NMR (CDsCN): ¢ 9.35 (d,
2H,J = 5.5 Hz), 9.12 (t, 2HJ = 7.5 Hz), 9.03 (d, 2HJ = 5.5
Hz), 8.75 (t, 2H,J = 8.4 Hz), 8.60 (t, 2HJ = 8.4 Hz), 8.53 {1,
2H, J = 7.6 Hz), 8.37 (m, 2H), 8.318.23 (m, 4H), 8.088.06
(m, 2H), 7.76-7.67 (m, 3H), 7.56-7.39 (m, 6H), 7.27 (d, 2H] =
5.0 Hz). ESI MSm/z 995.10 ([tpyCd! (tpy-AB)-2PR]™ requires
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995.12), 425.08 ([tpyCt(tpy-AB)-1PR]?" requires 425.08), 235.04
([tpyCo'" (tpy-AB)]3* requires 235.07).

[Co(tpy-AB),](BPhy),. A mixture of CoC}-6H,0 (0.028 g, 0.12
mmol) and tpy-AB (0.099 g, 0.24 mmol) in MeOH (7 mL) was
heated at reflux for 30 min. After the solution was cooled to room
temperature and filtered, excess NaBmhh water (30 mL) was
added. The precipitate was filtered and recrystallized from aceto-
nitrile—ether to yield red powders. Yield 0.097 g (53%). °

Anal. Calcd for GoH7gN1gB.Co: C, 80.37; H, 5.16; N, 9.19.  Figure 1. ORTEP view of [Co(tpy-ABj](BPh)2-2CHCN with 50%

. . . ~ probability. H atoms, BP41 ions, and acetonitrile are omitted for clarity.
i%l;:]]gr rct:aqﬁ?r;so4ﬁ256§)6 N, 9.19. ESI M82 442.63 ([Co(tpy Selected bond lengths (A), bond angles (deg), and torsion angles (deg) are

- as follows: Co(1)N(1) 1.878(4), Co(1L}yN(2) 2.071(5), N(4yN(5)
Co'" (tpy)2*3PFs. This complex was prepared from Gpy),- 1.284(11), N(1>Co(1)-N(2) 80.2(2), N(2}-Co(1)-N(3) 160.3, N(5)-
2PR; by a method similar to that for tpy®dgtpy-AB)-3PF,. Yield N(4)—C(19) 113.3(10), N(5yN(4)—C(19)-C(20) 7.2(20), N(4}N(5)—
60%. Anal. Calcd for GH,NsCoRsPs: C, 37.52; H, 2.31; N, 8.75.  C(22)-C(27) 163.8(13), C(4}C(3)-C(16)-C(17) 134.2.
Found: C, 37.52; H, 2.43; N, 8.48H NMR (CDsCN): 6 9.10 o , ,
(dd, 1H,J=9.1, 6.4 Hz), 9.00 (dd, 2H] = 8.1, 2.4 Hz), 8.61 (dd, (BPhy), by the vapor diffusion of diethyl ether to the highly
2H,J = 8.0, 1.4 Hz), 8.23 (td, 2HJ) = 7.8, 1.4 Hz), 7.44 (ddd,  concentrated acetonitrile solution because the ligand-
2H,J=7.7,6.2, 1.6 Hz), 7.24 (dd, 2H,= 6.2, 1.1 Hz). exchange from tpy to tpy-AB easily occurred. This complex
A General Synthetic Procedure for [tpyFe(tpy-AB)]X2 was also obtained according to the general synthetic method
(X~ = PFs~ or BPh;7). A mixture of FeCjtpy (0.087 g, 0.24 of CoL, (L = tridentate ligands), and its molecular structure
mmol) and tpy-AB (0.099 g, 0.24 mmol) in ethylene glycol (5 mL)  was determined by a single-crystal X-ray diffraction analysis.
was heated at reflux for 1 h. After the solution was cooled to room An ORTEP diagram with representative bond lengths and

temperature and filtered, excess Mfl; or NaBPh in water (30 gpgles is shown in Figure 1, indicating the involvement of
mL) was added. The precipitate was filtered and recrystallized from two normal trans-azobenzene structures in the molecule.

acetonitrile-ether to yield violet powders. The F | | df FeCl
[tpyFe(tpy-AB)|(PF¢),. Yield 75%. Anal. Calcd for GiHaNg- € Fe mononuclear complexes were prepared romy-e

FeRzP;: C,50.83; H, 3.05; N, 11.29. Found: C, 50.54; H, 3.25; PY Dy a two-step reaction similar to that of the Co

N, 11.27.2H NMR (CD:CN): 6 9.24 (d, 2H,J = 7.0 Hz), 8.93 (t, complexes. All the Co and Fe complexes were characterized

1H, J = 7.0 Hz), 8.7+8.61 (m, 4H), 8.53-8.43 (m, 4H), 8.32 by UV—vis, 'H NMR (except for C8 complexes), ESI MS

(dd, 2H,J = 8.6, 2.1 Hz), 8.05 (m, 2H), 7.967.85 (m, 4H), 7.68& spectra, and elemental analysis.

7.62 (m, 3H), 7.21 (t, 2H) = 5.6 Hz), 7.13-7.04 (m, 6H). ESI UV —vis absorption spectra of tpy@py-AB)-2PFs, tpy-

MS m/z 351.10 ([tpyFe(tpy-AB)}" requires 351.10). AB, and Cd(tpy),*2PF are shown in Figure 2A, inset. The
[tpyFe(tpy-AB)|(BPh4).. Yield 89%. Anal. Calcd for GeHzo spectrum of tpyCH(tpy-AB)-2PF; can be interpreted by the

NeFeByHzO: 1c 79.54; H, 534; N, 8.25. Found:_C, 7971 H,  gyperposition of tpy-AB and Cétpy)+2PR, exhibiting an

g'gg’ (tN ﬁ"ﬁ'; 2' '\I_/:S (:3: E;CSN%é ?mg'ga)(dé gg’(‘(]j_zzljoz'_gé’ intense peak at 320 nm ascribable to a ligand-centered (LC)
' P : L ' o . ' band? and three weak peaks at 446, 504, and 545 nm

Hz), 8.23 (t, 4H,J = 7.0 Hz), 8.12 (d, 2H,) = 8.2 Hz), 7.86 (d, . "
ZEI)J _ 8.(2 Hz), 7.67 (td 2-!,] _ 7_(4 1.0JHz) 7.462()d 2I—l](= assignable to €d transition or MLCT of the cobalt complex

7.0 Hz), 7.09-7.03 (m, 16H), 6.98 (d, 2H) = 6.0 Hz), 6.96- moiety® A similar tendency is observed for (Cotpftpy-

6.82 (m, 5H), 6.78 (t, 16H) = 7.3 Hz), 6.62 (t, 8H,J = 7.3 Hz). AB-tpy)-4PFs, as shown in Figure 2B, inset. UWis
ESI MSm/z 1021.39 ([tpyFe(tpy-ABILBPh]* requires 1021.39),  absorption spectra of Gocomplexes in 1,2-dichloroethane

351.10 ([tpyFe(tpy-ABY* requires 351.10). are shown in Figure 3, inset. In the spectrum of'Qpy),
) ] 3Pk, except for a LC band at 320 nm, there were no intense
Results and Discussion bands observed in the visible region. It can be seen that the

Syntheses and CharacterizationAzobenzene-conjugated ~azoz—* band of tpyCd' (tpy-AB)-3PFs is more broadened
mono- and dinuclear Co complexes were obtained by the @nd red-shifted than that of tpyQgpy-AB)-2PF. The broad
reaction of CoGitpy with the corresponding azobenzene- Pand at 406500 nm is smaller than the spectrum of
containing terpyridine ligand. Anions PFand BPh- were  tPyCd'(tpy-AB)-2PF; this broad band decreases in size, and
selected as counterions because the photoisomerizatiothe overlapped band of azo-7* and LC is red-shifted by
behavior was much affected by the counterions in a previous70 nm.
study on Rh complexé§and the most remarkable difference A UV —vis absorption spectrum of tpyFe(tpy-ARPF
was observed in the complexes using these two counterionsis shown in Figure 4 inset. An intense MLCT band appears
The Co complex salts of both counterions were soluble in at 580 nm, which is more intense and red-shifted than that
acetonitrile (MeCN)N,N-dimethylformamide (DMF), dim-  of Fe(tpy}:2PF;, suggesting the presence of significant
ethyl sulfoxide (DMSO), propylene carbonate (PC), etc., but z-conjugation between the azobenzene unit and the Fe(tpy)
the solubility was quite lower than that of the corresponding unit.

Rh and Ru complexésThe Cd' complexes were easily Photochemical and Thermal Isomerization Behavior of
prepared by the oxidation with A¢P9 The solubility of the the Cd' Complexes.UV —vis spectral changes of tpyto
PR~ salt of the C8' complex was much less than that of (tpy-AB)-2PF and (Cotpy)(tpy-AB-tpy)-4PF; in propylene
the Cd complex. [Co(tpy-AB)]|(BPh,),:2CH,CN was ob- carbonate (PC) upon irradiation with 366-nm light are shown
tained in the recrystallization process of [tpyQpy-AB)]- in Figure 2A,B, respectively. Mono- and dinuclear BPh
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Figure 2. (A) UV —vis spectral change of tpy®(ipy-AB)-2BPh, (2.2 x 1075 M) in PC upon irradiation at 366 nm for 40 min. Inset: Spectra of tg}Co
(tpy-AB)-2PFs (a), tpy-AB (b), and Cl(tpy)*2PFs (c). (B) UV—vis spectral change of (Cotpypy-AB-tpy)-4BPh (1.8 x 10-5 M) in PC upon irradiation
at 366 nm for 1 h. Inset: Spectra of (Cotgpy-AB-tpy)-4PF (a), tpy-AB-tpy (b), and C¥(tpy).:2PFs (c).

Rau has reported that a low-lying azea* state can interact
with other molecular states such as the neighboring azo
m—m* statel® In the complexes in this study, the terpyridine

} band is much more intense than that of organic azobenzenes.
1.2

S R S,

£x10* / mol'dm3cm™!

§ o8f m—m* band is superposed with the broad azes* band.

% e Accordingly, the appearance of these intense bands indicates
2 that the azo nzr* band overlaps the intensity of the low-

< oaf l lying, neighboring state, aze—x*, and terpyridiner—m*

states.

Significant spectral changes due to trans-to-cis photo-
isomerization were observed in DMSO and PC, although the
photostationary state was found to be more lopsided to the
trans form in MeCN than in other solvents. On the other

300 400 500 600
Wavelength / nm

Figure 3. UV —vis spectral change of tpy®gtpy-AB)-3PFs (2.7 x 1075 hand, spectral changes by photoirradiation in DMF were

M) in 1,2-dichloroethane upon irradiation at 366 nm for 25 min. Inset: extremely fast and complicated, probably because the dis-

Spectra of tpyCH (tpy-AB)-3PFs (a), tpy-AB (b), and CY (tpy)z-3PFs (c). sociation of tpy-AB or tpy-AB-tpy ligand occurred and the
15 free ligand exhibited trans-to-cis isomerization. This is

supported by the fact that recrystallization of tpy€o
(tpy-AB) in DMF afforded Co(tpy-AB)** by the facile
ligand exchange reaction as described. Co(ll) complexes are
© known to be labile to ligand exchange, but we selected the
solvents to afford simple spectral change without dissociation
and ligand exchange, for the photoreaction of the complexes.
The photoproducts could be isolated by precipitation from
PC solution by adding 1,4-dioxane and characterized by IR
spectroscopy for (Cotpy(Xpy-AB-tpy)-4PF. The peak as-
\ ) , ) cribed to N=N stretching of the cis form appeared at 1534
300 400 500 600 700 cm L. Trans-to-cis photoisomerization process was also
Wavelength / nm monitored by the transient absorption spectroscopy (vide
_ _ infra). The quantum yields¥; .c) of Co complexes for trans-
Figure 4. UV-vis spectral change of tpyFe(tpy-APFs (2.0 x 10° to-cis photoisomerization are listed in Table 2. There are
M) in acetonitrile upon irradiation at 366 nm for 20 min. Inset: Spectra of
tpyFe(tpy-AB)2PFs (a), tpy-AB (b), and Fe(tpy)2PFs (c). three characteristic features, different from those of Rh
complexes¢ (1) @ of Co complexes is much smaller, (2)
salts exhibited similar spectral changes withyP$alts upon  splvent effect is observed arml . increases in the order of
photoirradiation. The absorbance of the azer* transition PC > DMSO, which is reverse, compared with those of the
band decreases, and that of the azawn transition band  Rp complexes, and (3) counterion effect is less evident. Al

increases with three isosbestic points. These results indicatgne ¢, ., values in DMSO and PC are within a small range
that trans-to-cis photoisomerization behavior of the mono- from 3 x 107 to 8 x 1074, and accordingly, solvent and

nuclear and dinuclear Co complexes is observed. In the Ciscounterion have less influence on the trans-to-cis photo-
form, an intense band appears in the visible region as with
Rh complexe$,assignable to the azo-ar* band. But this (15) Rau, H.Angew. Chem., Int. E&Engl. 1973 12, 224-235.

-
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Table 2. Trans-to-Cis Photoisomerization Quantum Yields{;) of the Co Complexes

10" D
tpyCd'- tpyCd'- (Cotpy)- (Cotpy)-
dielectric viscosity? (tpy-AB)- (tpy-AB)- (tpy-AB-tpy)- (tpy-AB-tpy)-
solvent constang e (yImPa's) 2PFKs 2BPhy 4Pk 4BPhy
MeCN 36.6 0.369 <1 <1 <1 <1
DMSO 47.2 1.99 3.3 4.3 3.9 5.6
PC 68.8 2.53 7.0 6.2 6.5 8.5

aLide, D. R.CRC Handbook of Chemistry and PhysizSth ed.; CRC Press, Boca Raton, FL.
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Figure 5. UV —vis absorption spectral change of tpyQpy-AB)-2BPh, Figure 6. UV—vis spectral change of [Co(tpy-AB{BPhs), (1.5 x 10°°
in PC (1.5x 1075 M) heated at 90C for 12 h. Dotted line indicates the M) in PC upon irradiation at 366 nm for 48 min. Dotted line corresponds
pure trans form. to the half point, achieved by irradiation at 435 nm for 30 min.

isomerization behavior for the Co complexes than for the As the reason for the incomplete cis-to-trans isomerization
Rh complexes. This should be because the Rh complex catioralready mentioned, partial photodegradation of the com-
is trivalent, having more charge, and more counterions.  pounds cannot be neglected.

UV —vis spectral change of tpyCipy-AB)-2BPh, in PC Figure 6 shows the U¥vis absorption spectral change
by heating at 9C0C is shown in Figure 5. The trans form  of [Co(tpy-AB),](BPhy), upon irradiation with 366-nm light.
was recovered in an approximately 60% vyield. (Cotpy) Apparently, this spectral change is similar to that of tp{Co
(tpy-AB-tpy)-4BPh, showed the same behavior as tpy€o  (tpy-AB)-2BPh,, although a two-step photoreaction is ob-
(tpy-AB)-2BPh, under similar conditions. Thermal isomer- served. Half of the change occurred very slowly, taking 30
ization rates for tpyCHtpy-AB)-2BPh, and (Cotpy)- min, and the latter half occurred at a faster rate, taking 18
(tpy-AB-tpy)-4BPh, in PC at 90°C were 1.5x 10 and min. There are two isosbestic points observed at 366 nm,
2.4 x 1075, respectively. Compared with the isomerization and the second, at 368 nm. Cis-to-trans photoisomerization
rate of ligands (1.5« 1073, for tpy-AB in PC at 90°C), the by irradiation with 435-nm light occurred, but the spectral
isomerization rates of Co complexes are smaller. Although change stopped at the half point of the full recovery. These
the BPh™ salts of the Co complexes exhibit thermal cis-to- phenomena suggest that two azo groups isomerize in turn,
trans isomerization in PC, no significant UWis spectral not at the same time.
change was observed in DMSO by heating af@0As for Photochemical Behavior of the C8 Complex. The
the Pk~ salts, cis-to-trans isomerization behavior was not UV —vis spectral change of tpy®dgtpy-AB)-3PFK; in 1,2-
observed in any solvents even at high temperature. Accord-dichloroethane upon irradiation with 366-nm light is shown
ingly, it is suggested that the thermal cis-to-trans isomer- in Figure 3. Although the spectral change is not as significant
ization is dependent on the counterions, and the tendency isas that of the Rh and G@omplexes, the absorbance of the
similar with that of Rh complexées. azo w—ma* transition band decreased and that of the azo

Photochemical cis-to-trans photoisomerization by irradia- n—x* transition band increased, suggesting that a trans-to-
tion with 435-nm light was observed for the mono- and cis photoisomerization also occurs in the'"Coomplex.
dinuclear C8 complexes in PC, in which the trans form was Characterization of the photoproduct was difficult because
recovered in a yield of about 60%, whereas no isomerization of its low yield and low solubility. The difference in the
was observed in DMSO, similar to the results of thermal trans-to-cis photoisomerization yield between'@ad Cd'
isomerization already noted. There is no counterion effect has been also observed for azobenzene-bound tris(bipyridi-
on the cis-to-trans photoisomerization. As a conclusion, as ne)cobalt complexe¥.It should be noted that the photore-
for the Cd' complexes, the cis form is long-lived in DMSO, action of tpyCd' (tpy-AB)-3PFs in PC and in DMSO, which
and the reversible trangis isomerization is observed in PC. has a higher donor numbBéthan 1,2-dichloroethane, causes
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Figure 7. Time-resolved transient absorption spectra of tgy@xy-AB)- Wavelength /nm

2PFs in acetonitrile (a) and tpyCH(tpy-AB)-3PF; (b) in 1,2-dichloroethane b 0.0
upon irradiation at 360 nm. ( )

@ 05}
the reduction to a Cocomplex. Trans-to-cis photoisomer- §
ization behavior in 1,2-dichloroethane was analyzed by <
transient absorption spectroscopy (vide infra). In contrast, a § 1.0F

cis-to-trans isomerization was not observed by either
photoirradiation with visible light or heat. Accordingly, these
results suggested that the lifetime of the cis form of thé Co 5
complex is fairly long.

According to these results, €and Cd' complexes exhibit
different photochemical behavior, suggesting that tranis Figure 8. Time-resolved transient absorption spectra (a) and time
. o . . . dependence of absorption spectra at 570 nm (b) of tpyFe(tpy2&Bg in
isomerization behavior is dependent on both the identity of ;cetonitrile upon irradiation at 360 nm.
the metal center and the oxidation state.

Trans-to-Cis Photoi_somerization Behavior of the Fe complexes, the broad,S— S, (7—=*) absorption band
Complexes.The UV—vis spectral change of tpyFe(tpy-AB)  5,5nd 550 nm was observed first, after which the-SS,

2PFs upon irradiation with 366-nm light is shown in Figure (n—x*) absorption band around 450 nm was observed. The
4. Such a slight spectral change upon irradiation is similar jirotime values of the Sstate are 260 and 230 fs, and those

to that of the Ru complexé8 TheH NMR signals in CR2- of the S state are 8 and 12 ps for tpytipy-AB)-2PFs and

CN suggest that the slight spectral change corresponds QpyCd' (tpy-AB)-3PF, respectively. These results are similar

the trans-to-cis photoisomerization. In the photostationary ;" those for the Rh complexes and organic azobenzenes
state, the ratio of the cis form to the trans form is estimated which exhibit significant trans-to-cis photoisomerization

to be 0.15. The trans-to-cis photoisomerization occurred in yapavior. The lifetime of the Sstate. where trans-to-cis
acetonitrile and PC but did not occur in DMSO. Instead of o, qtnisomerization is known to occur even in the direct
photoisomerization, ligand exchange occurred in DMF, oy itation to the § state, is longer than that of the Rh
which is similar with Cé complexes. It is indicated that there complexes® This phenomenon may be related to the lower
is the dependence of solvent on trans-to-cis photoisomer- .« o cis
ization. On the other hand, there was no counterion effect; photoisomerization quantum vyields of the 'Coomplexes
the BPh™ salt exhibited the similar behavior to the PF -1 of the Rh complexés.As for the Fe complex, very
salt. Cis-to-trans isomerization was observed by both ir- ¢, bleaching of the Fe MLCT band was observed at 570
radiation with 435-nm light and heat, although both processes ., (Figure 8a). The rise time of the Fe MLCT band of tpyFe-
were very slow (4 days at room temperature). (tpy-AB)-2PFs is 270 fs (Figure 8b), indicating that the
Transient Absorption Spectra of the Cd', Co", and ultrafast energy transfer from the azobenzene unit to the
Fe! Complexes.Femtosecond transient absorption spectra g (gny), unit depresses trans-to-cis photoisomerization. The
of tpyCd'(tpy-AB)-2PFs and tpyCé' (tpy-AB)-3PF; (Figure possibility of electron transfer is negligible because the peaks
7) were measured for direct observation of the photoisomer- 4.,a to the cation radical of azobenzene unit or the anion

ization reaction of the complex. For the Cand Cd' radical of Fe(tpy) unit are not apparently observed in this

range.
(16) (a) Gutmann, VCoord. Chem. Re 1976 18, 225-255. (b) Gutmann, 9 . .
V. The DonorAcceptor Approach to Molecular InteractionBle- In conclusion, the Co complexes, for which the redox

n]yrt?{ l\rl]ethc]Zrk, 1980. $C) Do?otr numfbgrb 8N)1i52 tg_e ritlbsolutthe value reaction is reversible and different from that of the Rh
O € neat of miXing or a solution o n 1,Z-aichlioroethane . . . .

with another solvent, so D& O for 1,2-dichloroethane, and the value Complexes’.Showed that phOtOISOme”Z_atlon behavior of the
increases with the heat of mixing. complexes is dependent on the oxidation state of the metal

Time / ps
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centers. Similar to the Ru complex&sthe Fd complex and the Hayashi Memorial Foundation for Female Natural

shows depressed photoisomerization due to the occurrencecientists.

of energy transfer.
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