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Abstract 

A mixture of hydrated nitrosylruthenium(II1) chloride and 2-methyl-8-quinolinol (H2mqn) (1:4 molar ratio) in 
acetic acid aqueous solution adjusted to pH 5.5 and warmed at c. 70 “C for 2 h led to preparation of cis- 
[Ru(OAc)(2mqn),NO] which has cis(O,O) and trans(N,N) configuration for the ligating atoms of the 2mqn ligands. 
The trans isomer was photochemically prepared from the cb isomer in CH,Cl, using an Xe lamp as the light 
source. The photoisomerization in deaerated CH,Br, was examined at -5 to 30 “C using a super high-pressure 
Hg lamp (436 nm). Quantum yields of the cis to tram and the trans to cis isomerizations were 1-2.5X 10m3 and 
8-11 X 10W3, respectively. Solvent effect studies by adding liquid paraffin to the CH,Br, solution on the photoreaction 
and the NO scramble on the irradiation in the presence of iSNO gas showed that Ru-NO bond rupture takes 
part in the isomerization. 

Introduction 

The NO’ ligand behaves as a weak u-donor and a 
strong rr-acceptor, characteristics which affect the syn- 
thesis, reactivity and structures of metal nitrosyls [l]. 
The {Ru(II)-NO’} type of mononitrosyl complex tends 
to form an octahedral six-coordinate configuration. Geo- 
metrically isomeric pairs of [RuCl(N-O),NO] (H(N- 
0) = 8-quinolinol or 2-methyl-Squinolinol), c&l and 
cis-2, were prepared and their structures were deter- 
mined by X-ray analysis [2, 31. The Cl atom in the 
isomers is cis to the NO group and the 0 atom of one 
of the quinolinolato ligands is truns to the NO group. 
The c&l isomer is in c&(0,0) and truns(N,N) config- 
urations for the ligating atoms, N and 0, of the two 
quinolinolato ligands, and the c&2 isomer is in cis(O,O) 
and cis(N,N). The Ru-0 bond distance tram to NO 
is clearly shorter than the Ru-0 distance cis to NO, 
reflecting the stronger rr-donation of the oxygen tram 

*Authors to whom correspondence should be addressed. 

to the NO group. Other cis geometrical isomers could 
not be isolated. 

The precursor complexes of the bis complexes, cis- 
[RuX,(N-O)NO]- (X=Cl or Br), were isolated as the 
tetramethylammonium salts. The X-ray analysis showed 
that all the X are coordinated cis to NO and the 8 
quinolinolato oxygen is tram to NO, and the Ru-0 
bond distance is comparable with the Ru-0 bond tram 
to NO for the c&l and cis-2 complexes [4]. These 
results suggest that the phenolic oxygen anion is a 
stronger r-donor than the nitrogen atom in the quinoline 
ring. 

Halide and acetate ions may behave as u- and rr- 
donors [5, 61, suggesting the possibility of preparing 
the tram type of bis complex in which the anion is 
trans to NO. For the {Ru(II)-NO’} type of nitrosyl- 
ruthenium complex, some geometrical isomerizations 
induced by a thermal reaction have been reported 
[6-lo]. However, there has been no report on pho- 
toinduced geometrical isomerization for the nitrosyl- 
ruthenium complexes although photoinduced denitro- 

0020-1693/93/$6.00 0 1993 - Elsevier Sequoia. All rights reserved 



130 

sylations of transition metal nitrosyls have been reported 
[ll]. Recently, we have photochemically prepared trans- 
[RuX(2mqn),NO] (X= Cl or Br; H(2mqn) =2-methyl- 
8-quinolinol) from the c&l and cis-2. The tram isomer 
is in trans(O,O) and trans(N,N) configurations for the 
2mqn [12]. 

In this paper, we report the preparation of c&l type 
[Ru(OAc)(2mqn),NO] (OAc= acetate ion) and its tram 
isomer, and their mutual photoisomerizations in CH,Cl, 
using an Xe lamp as the light source. Kinetics of the 
isomerizations at 436 nm is carried out in CH,Br, using 
a super high-pressure Hg lamp as the light source. The 
isomerization is also examined in the presence of 15N0 
(15N at.% = 99). 

Experimental 

Measurements 
IR spectra were measured in Nujol mull with JASCO 

A-202 and IR-F spectrophotometers. Electronic spectra 
were recorded using an Hitachi U-3410 spectrometer. 
‘H and 13C NMR spectra in chloroform-d, were recorded 
on JEOL-GSX 270N and 400 spectrometers at room 
temperature using TMS as internal standard. The field 
desorption (FD) mass spectra in the m/z range O-1500 
were measured by a combined FD unit on an Hitachi 
M-80 double-focusing mass spectrometer equipped with 
an Hitachi M-003 data processing system. The complex 
was dissolved in CH,Cl, and placed on a carbon emitter. 
The measurement conditions were as follows: the emitter 
currents, 15-20 mA; the cathode potential, - 4 kV; the 
ion accelerating potential, 3 kV. 

Preparation 
cis-[Ru (OAc) (2mqn), NO] (I) * 
A mixture of hydrated nitrosylruthenium(II1) chloride 

(1.0 mmol) dissolved in hot water (30 cm3) and freshly 
recrystallized 2-methyl-8-quinolinol(4.0 mmol) in 1 mol 
dme3 acetic acid aqueous solution (20 cm”) was adjusted 
to pH 5.5 with a sodium hydroxide aqueous solution 
and warmed at c. 70 “C for 2 h to precipitate a reddish- 
brown product. After the crude product was dissolved 
in CH,Cl,, the solution was charged on a silica-gel 
column (Wakogel C-200, 4 2.5 X25 cm) and eluted 
with 40 vol.% ethylacetate-CH,Cl,. The faint first band 
was [RuC1(2mqn),NO]. The effluent of the major second 
band was concentrated on a rotary evaporator. Diethyl 
ether was slowly added to the solution which was stored 
overnight in a refrigerator. The reddish-brown product 
was filtered off and dried in air. Yield 35%. Anal. 
Found: Ru, 19.7; C, 51.8; H, 3.8; N, 8.3. Calc. for 
(;,H,,N,O,Ru: Ru, 20.0; C, 52.2; H, 3.8; N, 8.3%. IR 
(Nujol): v(N0) at 1846 cm-‘, Y(C=O) of OAc at 1623 

*The formal name is (OC-6-22).acetatobis(2-methyl-8-quino- 
linolato-O,N)nitrosylruthenium(III). 

cm-l. UV (CH,Cl,, 2.00 X 10M4 mol dmP3): 24 800 (log 
E 3.83), 37 300 (4.7), 41 800 (4.5) cm-‘. UV (CH,Br,, 
2.03 x 10m4 mol dm-3): 24 400 (3.81) cm-‘. 

trans-[Ru (OAc) (2mqn),NO] (II) ** 
The cis complex (0.1 mmol) dissolved in CH,Cl, (20 

cm3) and then deaerated with dinitrogen, in a Pyrex 
vessel was irradiated by an Xe lamp (300 W) through 
a combination of a UV cutoff filter (less than 360 nm) 
(UV 36, Hoya) and a water filter for c. 4 h at room 
temperature. The solution was darkened. After the 
solvent had been evaporated, the residue dissolved in 
CH,Cl, was charged on a silica-gel column (Wakogel 
C-200, 4 2.5 X25 cm) and eluted with 20-40 vol.% 
ethylacetate-CH,Cl,. The faint first band was 
[RuC1(2mqn),NO] which was prepared by irradiation 
of the Xe lamp, the major second band being the trans 
complex (yield (20%), and the major third band being 
the starting complex (recovered 60%). Anal. Found: C, 
51.8; H, 3.7; N, 8.2. Calc. for C&H,,N,O,Ru: C, 52.2; 
H, 3.8; N, 8.3%. IR (Nujol): y(N0) at 1825 cm-’ with 
a shoulder at 1815 cm-‘, v(C=O) of OAc at 1664 
cm-‘. UV (CH,Cl,, 3.52 x 10m4 mol dme3): 25 000 (log 
E 3.77), 37 200 (4.7), 41 000 (4.5) cm-‘. UV (CH,Br,, 
2.21 x 10m4 mol dme3): 24 800 (3.78) cm-‘. 

Both I and II are unstable even when stored in the 
dark, thus they were chromatographically purified just 
before use. 

Mutual photoisomerization reactions using an Xe lamp 
A solution of II (0.1 mmol) dissolved in CH,Cl, (20 

cm’) was exposed to an Xe lamp (300 W) for c. 4 h 
at room temperature. The same chromatographic sep- 
aration for the preparation of II from I was performed. 
The yield of I was 60% and II was recovered in 20% 
yield. 

Mutual photoisomerization reactions were also car- 
ried out in the presence of NO gas. Solutions of I or 
II (0.1 mmol) dissolved in CH,Cl, (20 cm3) were de- 
gassed by freeze-pump-thaw cycles. 1.0 mmol of NO 
was added to the reaction vessel, which was shaken 
under running water until the frozen solution thawed, 
and the solution was exposed to the Xe lamp. With 
I as a starting material, the yields of II and I were 
26% and 74%. With II as a starting material, the yields 
of I and II were 70% and 25%. 

Kinetics of mutual photoisomerization reactions using 
an Hg lamp 

Apparatus 
A super high-pressure Hg lamp (HBO 200 W, Osram) 

was used as the light source for the photoisomerization 
reactions. The 436 nm irradiation light was isolated by 
using a combination of a Shimadzu-Bausch & Lomb 

**The formal name is (OC-6-43)-acetatobis(2-methyl-8-quino- 
linolato-O,N)nitrosylruthenium(III). 
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SP-200 monochrometer and a UV cutoff filter (less 
than 360 nm) (UV 36). The reactant and product were 
separated using a JASCO TRIROTAR-V HPLC ap- 
paratus equipped with a C,,-10 silica gel reversed phase 
column (Finepak SIL C18, JASCO). Methanol-water 
(volumetric ratio 8:2) was used as eluent. The amounts 
of I and II were determined at 365 nm with a JASCO 
UVIDEC-lOO-2V equipped with a Shimadzu C-R6A 
Chromatopac data processor. To examine the degree 
of scrambling of NO on irradiation, irradiation in the 
presence of 15N0 (15N at.% = 99) at 25 “C was studied, 
by measuring the absorbance ratio of the “NO stretching 
band area to the 14N0 band in coordinated NO for 
I or II in CH,Cl, using a Perkin-Elmer 1600 FT-IR 
spectrometer. For examining the solvent effect on the 
isomerizations at 25 “C, mixtures of CH,Br, and liquid 
paraffin (Uvasol, Merck) were used as solvents. The 
viscosity of the reaction solution was measured using 
a YAMCO model VM-lA-Lviscometer (Yamaichi Elec- 
tric Ind.). 

Procedure 
Irradiation under stirring was carried out in the 

temperature range of -5 to 30 “C using a 1.0 cm 
length quartz cell capped with a silicon rubber disk 
laminated with Teflon film. After complex I or II had 
been dissolved in CH,Br, or liquid paraffin-CH,Br, 
and deaerated by passing dinitrogen, the solution (ex- 
actly 3 cm3) was placed in a quartz cell and capped 
under a dinitrogen atmosphere. The concentration was 
prepared to c. 1 X lop3 mol dme3 with absorbance c. 
5 at 436 nm. Two quartz cells containing the solution 
were prepared. For one of them, irradiation was con- 
tinued for 5 to 6 h until the photostationary state was 
achieved between the tram and the cis isomers to obtain 
the apparent equilibrium constant. The reaction was 
analyzed as a first-order reaction along with the reverse 
reaction. For another cell, an 8X low3 cm3 (8~1) was 
sampled through the disk by micro syringe at regular 
intervals (c. 5 min) during irradiation up to 20 min to 
obtain apparent rate constants. Quantum yields for the 
cis to tram and for the tram to cis isomerizations, $1 
and &, were calculated from the apparent rate con- 
stants. 

For isomerizations in the presence of 15N0, the 
CH,Br, solution of I or II (c. 1 X 10e3 mol dmm3, 3 
cm’) was first degassed by freeze-pump-thaw cycles 
and “NO gas was introduced into the quartz cell with 
a vacuum Teflon cock using a vacuum line (molar ratio 
of 15N0 to the complex is c. 20). After the solution 
had been separately irradiated for 1, 2, 3 or 5.5 h, the 
solvent and the residual gas were removed. A small 
portion of the residue was dissolved in CH,Br,, and 
I and II were analyzed by HPLC. Another major portion 
was dissolved in CH&l,, and I and II were separated 

on a silica-gel column (Wakogel C-300, 4 0.5 X 4.5 cm) 
as mentioned above. The absorbance of the 14N0 and 
15N0 stretching vibrations for I and II was measured 
in CH,Cl, using a CaF, liquid cell (0.5 mm length). 

Incident light intensity was determined using 
tris(oxalato)ferrate(III) chemical actinometer [13]. 

Results and discussion 

Identification of cis- and tram-[Ru(OAc)(2mqn)JVO] 
FD mass spectra of I and II showed the molecular 

ions and its isotopic peaks in the m/z 501-511 region. 
No other peaks were observed in the region of m/z 
O-1500. The observed relative intensities agreed with 
those calculated for the isotopic abundances for all the 
constituent elements of the complexes. For I: m/z 
(observed relative intensity, calculated one) 501 (15.5, 
15.0) 502 (5.0, 4.0), 503 (6.0, 5.8), 504 (31.2, 36.1), 
505 (39.4, 43.7), 506 (55.2, 56.9), 507 (100, loo), 508 
(24.9, 24.8), 509 (51.2, 55.0) 510 (15.2, 13.9) 511 (2.1, 
2.3), 512 (0, 0.3); sd =0.024. For II: m/z (observed 
relative intensity, calculated one) 501 (15.8, 15.0), 502 
(4.4, 4.0) 503 (5.2, 5.8), 504 (36.6, 36.1) 505 (43.2, 
43.7), 506 (55.9, 56.9), 507 (100, lOO), 508 (27.3, 24.8) 
509 (56.3, 55.0), 510 (15.0, 13.9) 511 (1.3, 2.3) 512 
(0, 0.3); s.d. = 0.011. 

The elemental analyses were also consistent with 
formulae proposed for the complexes, suggesting that 
I and II are monomeric and geometrical isomers of 
each other. 

‘H(lH} and 13C{lH} COSY spectra and ‘H non- 
decoupling spectra with NOE were measured. The 
quarternary carbons were confirmed by measuring ‘H 
off-resonance decoupling. Assignment of the NMR data 
for H2mqn and its metal chelates are in accord with 
Howie et al. [14]. 

The ‘H{‘H} and 13C{lH} COSY NMR spectra of II 
are shown in Figs. 1 and 2. The ‘H and 13C(1H} chemical 
shifts and their assignments for II are as follows*. ‘H 

*Numbering of the hydrogens and the carbons for Zmqn is 
basically as follows: 

0 

Numbzing for complex I is as follows: where 2mqn is represented 
byN 0. 

C,H 
(12-20) 
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Fig. . ‘H{‘H} COSY spectrum of fmns-[Ru(OAc)(2mqn),NO] in CDC&. 

NMR (CDCl,): 6=1.23 (3H, s, CH,COO-), 3.35 (6H, 
s, C2-CH,), 7.05 (2H, d, J=8 Hz, H5), 7.18 (2H, d, 
5=8 Hz, H7), 7.38 (2H, d, J=8 Hz, H3), 7.41 (2H, t, 
J=8 Hz, H6), 8.18 (2H, d, 5=8 Hz, H4). r3C NMR 
(CDCI,): 6=23.7 (CH,COO-), 24.7 (CZCH,), 113.2 
(C5), 114.6 (C7), 124.0 (C3), 128.4 (ClO), 129.2 (C6), 
139.4 (C4), 143.1 (C9), 162.4 (C2), 167.5 (C8), 175.6 
(CH,COO-). 

A signal attributable to the methyl hydrogens of 2mqn 
groups was observed at 6 = 3.35 and the resonance of 
the methyl carbons at 6=24.7, indicating that the two 
methyl groups in II are equivalent. The NMR data 
indicate that II is the tram isomer with trans(O,O) and 
frans(N,N) of the two 2mqn ligands consistent with the 
steric hindrance of the methyl groups in 2mqn. 

The number of resonance lines for the 13C NMR 
spectrum of I suggests that two of the 2mqn are in 
structurally different environments. Of the resonances 
due to C8 and C18, the latter was assigned to the 2mqn 
whose phenolic oxygen is tram to NO because NO is 

a strong rr-electron acceptor. The ‘H and ‘3C{1H} NMR 
chemical shifts and their assignments for I are as 
follows*. ‘H NMR (CDCl,): 6= 1.83 (3H, s, CH3COOP), 
2.94 (3H, s, C12-CH,), 3.29 (3H, s, C2-CH,), 6.94 (lH, 
d,J=8 Hz, H7), 7.00 (lH, d,.l=7 Hz, H17), 7.10 (lH, 
d,J=7 Hz, H15), 7.11 (lH, d,J=7 Hz, H5), 7.35-7.42 
(4H, m, H3, H13, H6, H16), 8.14 (lH, d, J=9 Hz, 
H4), 8.24 (lH, d, J=8 Hz, H14). 13C NMR (CDCl,): 
6= 23.1 (CH,COO-), 24.0 (C12-CH,), 27.3 (C2-CH,), 
113.6 (C15), 114.3 (C5), 115.2 (C7), 115.3 (C17), 124.1 
(C3), 124.3 (C13), 128.5 (ClO), 128.9 (C20), 129.4 (C6 
or C16), 129.5 (Cl6 or C6), 139.0 (C4), 140.1 (C14), 
143.0 (C9), 143.8 (C19), 160.8 (C2), 161.6 (C12), 164.2 
(C8), 167.7 (C18), 177.1 (CH,COO-). 

Except for the acetato carbon resonance, the spectral 
pattern and the chemical shifts, especially the differences 
between the chemical shifts of C3 and Cl3 and of C9 
and C19, were very similar to those for cb-1 type 

*See footnote on p. 131. 
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Fig. 2. “C{‘H} COSY spectrum of hzans-[Ru(OAc)(2mqn),NO] in CDCI,. 

[RuCl(2mqn),NO] whose structure was determined to 
be in ck(O,O) and trans(N,N) configurations [2]. 

The ‘H resonance peaks of the two methyl group 
for cis-1 and k-2 types of [RuX(2mqn),NO] were 
observed at 6=3.06 and 3.27, and at 1.82 and 3.14 for 
X= Cl, respectively, and at 6= 2.96 and 3.04, and at 
1.83 and 3.14 for X=Br, respectively [2]. For I, these 
were observed at S=2.94 and 3.29. The differences 
between the resonances of each pair except for the 
methyl groups were also very similar to those of cis-1 
[RuX(2mqn),NO] but not to those of the G-2 isomer. 
Another important criterion is the difference between 
the chemical shifts due to C8 and C18. The resonances 
for the ck-1 and ck-2 types of [RuX(N-O),NO] (X = Cl 
or Br; N-O = 8-quinolinolato, 2-methyl-, 4-methyl-, 2,4- 
dimethyl-, 2-ethyl and 5-chloro-8-quinolinolato) were 
separately observed at 6=c. 164-168 and 163-169 [15]. 
For cis-1 type complexes, the difference was 1.2-3.5 
ppm, while for c&2 type complexes it was 4.4-5.4 ppm. 
For I, the resonances due to C8 and Cl8 were observed 
at 6= 164.2 and 167.7, the difference being 3.5 ppm. 
Thus, I was determined to be k-1 type. 

The NO stretching vibration was observed at 1846 
cm-’ for I and 1825 cm-’ for II, indicating that I and 
II are the {Ru(II)-NO’} type [l]. 

The d4Ru) + rr*(NO) charge-transfer band for the 
{Ru(II)-NO’} type of nitrosylruthenium(II1) complex 
has been reported to be observed in the 21000-23 800 
cm-’ region with &50 mol-’ dm3 cm-l [5, 6, 161. 
The d4Ru) -+ r*(2mqn) bands for I and II were ob- 
served at c. 25 000 cm-’ with log l =3.8. The 
drr(Ru) -+ #(NO) band is apparently obscured by the 
more intense dtiRu)+ r*(2mqn) band. The charge 
transfer bands in the 2mqn ligands for I and II were 
observed at c. 37 000 cm-’ with log l =4.7 and at c. 
41000 cm-’ with log l =4.5. 

Only the &r-l type of acetato complex was prepared 
by the present thermal reaction although both &s-l 
and ~$2 types were prepared in the case of the chloro 
and bromo ligands [2, 121. The truns isomer could not 
be prepared by the thermal reaction as observed for 
the chloro and bromo complexes. 

Photoisomerization reactions 
Using coordinating solvents, acetonitrile or DMF, 

the tram and cb isomers were decomposed with NO 
elimination on irradiation with an Xe lamp even if the 
solvent was deaerated. In aerated CH,C12 or CH,Br,, 
the isomers were also considerably decomposed on 
irradiation. On the other hand, in deaerated CH,CI, 
or CH,Br,, the mutual isomerization reactions pro- 



134 

ceeded without decomposition of the complexes in the 
presence of NO gas. The ratio of the recovered truns 
isomer to prepared cis isomer using the tram isomer 
as the starting material was almost equal to that of 
the prepared tram isomer to recovered ch isomer using 
the cis isomer as the starting material. This observation 
indicates that a photostationary state is present on 
irradiation. In the absence of NO gas, the same sta- 
tionary state was achieved with a little decomposition 
in the deaerated solvents. 

Kinetics 
Kinetics of the isomerization was examined in 

the absence of NO gas at 436 nm where both the com- 
plexes show absorption bands attributable to 
d4Ru) -+ r*(2mqn) and d4Ru) + rr*(NO) charge- 
transfer. As the concentration of the complex photo- 
chemically prepared in the initial step was estimated 
to be c. lop5 mol dmp3, molar extinction coefficients 
of the trans and cis isomers in c. 10-3-10-5 mol dmp3 
were measured. The molar extinction coefficients of 
the truns isomer at 436 and 365 nm were constant 
within experimental error in the concentration range, 
while those of the cis isomer increased with decrease 
of the concentration*. Thus, the concentration effect 
for the cis isomer was corrected in the analysis of the 
kinetics. No clear change of the electronic spectra was 
observed during isomerization, therefore the reaction 
was followed by the HPLC technique. Notwithstanding 
strict deaeration of the solution, less than 5% of the 
total complexes was decomposed because air leakage 
caused the complexes to be decomposed when the 
reaction solution was sampled through the disk by micro 
syringe. 

The course of isomerization is shown in Fig. 3. The 
molar ratio of the cis isomer to the tram isomer gradually 
approached 3 and was invariably on more than 4 h 
irradiation. The cis isomer was in equilibrium with the 
trans isomer whether the truns or cis isomer was the 
starting material, indicating that a photostationary state 
is present on irradiation. 

Table 1 shows the quantum yields for the cis to truns 
and the truns to ci.s isomerizations, +1 and &. The 
quantum yields using the cis isomer were almost equal 
to those using the truns isomer within experimental 
error although the former tended to be smaller than 
the latter. The quantum yield increased with increase 
of temperature. The plot of In 4, or In & against T-’ 

*For the cis-1 isomer: E (mol-’ dm3 cm-‘) 3490 (1.40~10~’ 
mol dm-‘), 3510 (2.23X 10S4), 3580 (6.98 x 10e5), 3740 
(1.74x lo-‘) at 365 nm; 4840 (1.40X lo-‘), 4850 (2.23 X lo-‘), 
4930 (6.98X 10-s) 4950 (1.74X 10e5) at 436 nm. For the rrurans 
isomer: 3750 (9.68X 10m4), 3770 (1.55 X 10m4), 3730 (1.94X lo-‘) 
at365nm;3730(9.68X 10e4),3740(l.55 X 1O-4),371O(1.94~ 10-s) 
at 436 nm. 

IOOQ 

! A 

0 ““““““” 
0 100 200 ? 

t I min 
Fig. 3. Time course of isomerization of Purrs- and cis- 
[Ru(OAc)(2mqn),NO] in CHZBr2 at 25 “C. 0, cis to irons; initial 
concentration of ci.r isomer, 1.OOX1O-3 mol dme3. A, truns to 
cti; initial concentration of tran~ isomer, 1.00 X 10e3 mol dmd3. 
The ratio was separately analyzed after continuous irradiation 
up to the corresponding time. 

TABLE 1. Quantum yields of isomerization in CHZBrZ at 436 
nm irradiation: initial concentration of the complex, 1.00X 10m3 
mol dm-’ 

Temperature (“C) +,x10-3 4*x 1o-3 

-5 1.2 7.8 
0 1.4 7.9 
5 1.6 8.3 

10 1.8 9.5 
15 1.9 9.6 
20 2.0 9.3 
25 2.3 10.3 
30 2.5 10.9 

4, = the quantum yield for cis to tram isomerization; &= the 
quantum yield for trans to cis isomerization; the values are accurate 
to flO%. 

showed a linear relation, suggesting that only one 
Arrhenius type of process takes part in the photo- 
chemical process. Phosphorescence could not be ob- 
served for either the cis or trans isomer in 1,2-di- 
chloroethane at 77 K, indicating that the lowest energy 
excited state is very short lived or is a non-emitting 
state. The lowest energy excited state is considered to 
be dtiRu) + r*(2mqn), d + d*, or d4Ru) + r*(NO) 
taking into consideration the photochemistry study of 
[RuCl(bpy),NO]‘+ by Callahan and Meyer [16]. The 
linear relation of the quantum yield against T-l indicates 
that the photochemical primary process does not depend 
on temperature, but the secondary process originating 
from a reaction intermediate produced by the primary 
process depends on temperature [17]. The activation 
energies for the secondary process of the cis to truns 
and of the tram to cis isomerizations are estimated to 
be 15 (rt 1.5) and 5.5 (kO.6) kJ mol-‘, respectively. 

The isomerization from the cis or truns isomer in 
CH,Br, examined in the presence of 15N0 gas (15N 
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at.% = 99) on 436 nm irradiation showed exchange of 
coordinated NO for “NO. Neither the exchange of the 
NO nor the isomerization was observed without irra- 
diation. The 14N0 and “NO stretching bands for the 
cfi isomer separated chromatographically after irradia- 
tion were observed at 1861 and 1823 cm-‘, and those 
for the trans isomer at 1845 and 1808 cm-l, respectively, 
in CH,Cl,. The ratio of the “NO to the 14N0 absorption 
intensity gradually increased with increase of the ir- 
radiation time using the cti or the tram isomer as the 
starting material. After irradiation for more than 5.5 
h, the ratios of 15N0 to 14N0 in the cis and tram 
isomers were 1.5 and 1.3, respectively, in using the cis 
isomer as the starting material. Using the trans isomer, 
the ratios in the cis and tram isomers were 3 and 2, 
respectively. The ratio is expected to be 20, the starting 
ratio of “NO to NO in the complex after the exchange 
of the coordinated NO for 15N0 gas was attained at 
equilibrium. However, the observed ratios were smaller 
than 20 because of unsatisfactory stirring of the solution 
with NO gas due to restriction of the apparatus during 
the irradiation. The irradiation of the cis isomer in 
stirring the apparatus by hand every 15 min was also 
carried out at the same scale. The ratio of 15N0 to 
14N0 of the cis isomer separated chromatographically 
was 2.7 after 2 h irradiation and was 19 after 5.5 h. 
This ratio was almost equal to the starting molar ratio 
of “NO to cis isomer, 20. The isomerization and the 
exchange of NO were attained in equilibration in almost 
the same time scale if the stirring in the presence of 
NO is satisfactory. Therefore, the same photochemical 
process seems to participate in the isomerization and 
the exchange of NO. 

The effect of solvent on the isomerization was ex- 
amined on 20 min irradiation at 25 “C in 5, 10, or 20 
vol.% liquid paraffin-CH,Br, solutions with viscosities 
1.1, 1.2 and 1.4 mPa s, respectively. The quantum yields, 
41 and & in the 5 and 10 vol.% solutions were almost 
equal to those in the CH,Br, solution and only 5% of 
the complexes was decomposed to produce denitro- 
sylated species of a dark green color. In the 20 vol.% 
solution, 15% of the complexes was decomposed to 
produce the denitrosylated species. These observations 
suggest that the liberated NO does not readily recombine 
with Ru in the presence of liquid paraffin added to 
the CH,Br, solution. 

The results obtained from the irradiation in the 
presence of 15N0 and the solvent effect show that 
irradiation of the d4Ru) + p*(NO) charge-transfer 
band triggers the bond rupture between the Ru and 
NO which is involved in the isomerization. 

It has been reported that denitrosylation proceeds 
when nitrosyl complexes are exposed to UV-Vis light 
[ll, 161. Excited-state resonance Raman spectroscopic 
studies on nitrosyl complexes by Zink and co-workers 

show that a linear to bent geometry change of the 
metal-NO group is induced by electron transfer from 
the metal to NO followed by a cleavage of the metal-NO 
bond on irradiation near the d?r(Ru) + r*(NO) charge- 
transfer band. According to the photoisomerization 
mechanism proposed by Ford and co-workers [18], the 
possible isomerization mechanism in the present study 
is as follows. Homolytic cleavage of the bent Ru-NO 
bond of the intermediate was caused by irradiation to 
producing a denitrosylated five-coordinate intermediate 
with a square-pyramidal configuration which retains the 
symmetry of the reactant. The denitrosylated species 
rearranges to another denitrosylated species with a 
square-pyramidal configuration which retains the sym- 
metry of the product via a trigonal-bipyramidal inter- 
mediate to undergo isomerization. These two square- 
pyramidal species recombine with NO to form the 
isomeric reactant and product. The activation energy 
for the rearrangement process of the denitrosylated 
species corresponds to that calculated from dependence 
of the quantum yield on temperature. 

The isomerization proceeds with liberation and re- 
combination of NO in a halocarbon medium having a 
poor coordinating ability which does not disturb the 
recombination. 
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