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Hydrocarbon solution of Cp2Zr(CHj)Cl react rapidly with Na2Fe(C0)4 (形 equiv.) to yield [Cp2ZrCH3]1Fe(CO)4 and NaCl. The 

more soluble metal-metal bonded complex [Cp2ZrCflH|7j2F'e(CO)2 has also been prepared through the reaction of Cp2Zr(C8HI7)BF4 

and NazFe(CO)4 (Vz equiv.). The complexes were characterized by IR, 'H NMR, ,5C NMR, and elemental analysis. The in

frared spectrum of [CpzZrR]2Fe(COh shows four bands, which is indicative of a r/s-structure. The I3C NMR spectrum pro

vides evidence for the ""structure.

Introduction

For a variety of reasons M-M bonded compounds are the 

topic of intensive investigation. From the physical side, in

terest in these systems is largely centered on the unusual struc

tures and bonding. From a chemical standpoint, interest is 

stimulated by the belief of some chemists that these com

pounds may possess unusual catalytic properties, and may pro

vide an understanding of supported metal catalysts. This 

potential is suggested by recent studies revealing bimetallic 

mechanisms in reactions previously believed to take place at 

a single metal site.1

A systematic entry to metal-metal bonds common in 

organometallic chemistry consists in metathetic reaction of 

a metal halogen compound with an anionic metal complex.2 

In a previous paper3 we reported the syntheses of Cp2ZrRFeCp 

(CO)2 through the reaction of Cp2ZrRCl with strongly nucleo

philic metal carbonylate anion NaCpFe(CO)2. The crucial 

points to be considered in the formation of bimetallic com

pounds are the nucleophilicity of metal carbonylate anion, leav

ing group of metal halogen, and solubility of both. By 

combining these, we could design a route leading to M-M 

bonded compounds. In this context, it seems reasonable that 

the selection of stronger nucleophile Na2Fe(CO)4 instead of 

NaFeCp(CO)2 and introduction of easy leaving group on zir

conium site leads to the syntheses of biheterometallic com

pounds.

Marks and Newman4 reported the synthesis of [Fe(CO)4 

MR』？ made from the reaction of R2MC12 (R = CH3, C6H5; 

M = Ge, Sn) with Na2Fe(CO)4 known as a supernucleophile. 

Resen et. al.s reported a closely related ring supported cluster 

compound [Cp2HfFe(CO)4]2 through the reaction of Cp2HfCI2 

with Na2Fe(CO)4. In the light of the reactivity of Na2Fe(CO)4, 

it was decided that the reaction of Cp2ZrRCl with Na2Fe(CO)4 

could lead to direct zirconium-iron metal-metal bonded com

pounds which are novel and unsupported.

Described herein are the characterization and the syntheses 

of Zr-Fe bonded complexes formed through the reaction of 

Cp2ZrRCl and Na2Fe(CO)4.

Experimental

All syntheses were done in carefully dried and degassed 

solvents, under N2 or in vacuum, and with the use of Schlenk 

type glassware. All materials were of the highest commer

cial grade. The Cp2ZrHCl and Na2Fe(CO)4 - Dioxane were ob

tained from Aldrich Chemical Co, and the Cp2Zr(C8H]7)Cl was 

prepared according to literature method.6 Infrared spectra 

were measured on a digilab FTS-15B. NMR spectra were 

measured on a Bruker wp 250. The elemental analyses were 

performed by Galbraith Labs., Knoxville, TN.

Synthesis of Cp2Zr(C8Hi7)BF4. To a stirred benzene solu

tion (20mZ) of Cp2Zr(C8H17)Cl (0.9194g) was added AgBF4 

dissolved in THF (20mZ). The reaction was continued for two 

hours and the mixture was dried under reduced pressure. This 

was followed by the addition of benzene (30m/) to remove the 

product from AgCL After filtering AgCl off, the product was 

dried on a rotary evaporator. The resulting light yellow solid 

was dried in a vacuum system. Its properties are: M.P: 

160-163°C (decomposed); IR (nuj이); 1180 (br), 1045 (w), 1014 
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(m), 916 (m), 814 (s), 724 (m), 730 (vs), 550 (w), 508 (w), 'H 

NMR (CDC13)； 6.31 (10H), 1.63-0.09 (featur이ess, 17H) ppm, 

*H NMR (d厂benzene); 6.03 (10H), 1.60-0.09 (featur이ess, 

17H) ppm.

Synthesis of F仑(CO)슥(CpzZrG더”)2. To a stirred THF 

solution of Cp2Zr(C8Hi7)BF4 (0.405g), one사】alf this number 

of moles of Na2Fe(CO)4 (0.1028g) was added dropwise at 

-78°C The reaction temperature was increased to 0°C and 

the reaction was continued for one hour. After stripping the 

solvent off, the product was heated at 40°C on a vacuum line 

in order to remove THF of solvation. A minimum amount of 

THF (5m/) was then added to it. After filtration, the solvent 

was stripped off. Benzene (10-15m/) was added to the 

resulting violet solid, and the solution wa옹 filtered. After 

removal of solvent, the product was dried in a vacuum system. 

The properties are: M.P.; 114-117°Ct IR (in cyclohexane)； 

2046, 2022, 1995, and 1965 cm-1, lH NMR (d6-benzene); 5.92 

(10H), 1.31 (28H), 0.97 (6H); Elemental analysis; C, 56.70 (cal. 

57.39); H, 5.85 (cal. 6.45); Fe, 6.46 (6.69).

Synthesis 애 Fe(CO)4(Cp2ZrCH3)2. To a stirred THF solu

tion of two equimolar of Cp2Zr(CH3)Cl (0.496g) was added an 

equimolar amount of Na2Fe(CO)4 (0.365g) at room tem

perature. The reaction was continued for two hours. The solu

tion changed from dark red to light brown. After filtering it 

in order to remove NaCl, the resulting THF solution was strip

ped of THF at reduced pressure. To that solid a minimum 

amount of benzene was added, and the mixture was filtered. 

The resulting dark brown solid was washed with cy시ohex- 

ane three times (each 30m/) to remove remaining Cp2 

Zr(CH3)Cl, followed by washing with use of a minimum 

amount of benzene. The solution was pumped off and dried 

in a vacuum system. The properties are: M.P.; 121-125°C 

(decomposed), IR (nujol); 2030, 1962, 1946, and 1938 cm-1. 

,H NMR (d6-benzene); 5.78 (10H), 0.59 (6H) ppm; elemental 

analysis; Fe, 8.84 (cal. 8.72), C, 50.02 (cal. 48.74) Ht 4.27 (cal. 

4.06).

技CO enrichment of F억CO)’ {ZrCp2(C8H17)}2. Fe(CO)4 

{ZrCp2(C8Hl7)}2 (0.35g) and n-hexane were placed in a quartz 

flask. The flask was connected to a vacuum line. The flask 

was cooled at liquid nitrogen temperature and charged with 

l3CO (760 mmHg). Ultraviolet irradiation from a 140-w lamp 

resulted in exchange and irradiation was continued for 4 hours. 

The progress was monitored by infrared spectroscopy.

Results and Discussion

The reaction of two equivalent of Cp2Zr(R)X with Na2 

Fe(C0)4 results in the formation of the zirconium-iron bond

ed complexes 1 and 2, respectively, in high yields (eq. 1).

2Cp2ZrRX + Na2Fe(C0)4 - Fe (CO)4[Cp2ZrR]2 + 2NaCl

1 R 그 CH3, X = Cl

2 R = C8H17( X = BF4

Initially we attempted to form zirconium-iron bonded com

plex through the reaction of CpiZrfCgH^JCl with Na2Fe(CO)4. 

Unfortunately this reaction did not lead to Fe(CO)4[Cp2 

Zr(C8H17)]2- We sought to determine if (Cp2ZrR)2 Fe(CO)4 

species could be prepared by substituting a good leaving group 

for Cl. BF4 introduced at a zirconium site has been found to 

be an excellent leaving group. The structures of compounds 

prepared in this way were deduced from their IR, *H NMR,

Figure 1. A. The v(CO) region of 나le infrared spectrum of Fe(C0)4 

{Cp2Zr(C8H17)}2 in cyclohexane solution. B. The v(CO) region of the 

infrared spectrum of Fe(CO)4{Cp2Zr(CH5)}2 on a nujol mull. C. The 

v(CO) region of the infrared spectrum of Na2Fe(CO)4 in THF solution.

nC NMR spectra and elemental analyses.

Infrared spectroscopy is useful for understanding cis- and 

tows-disubstituted carbonyls, M(CO)4L2 involving Fe(CO)4고-. 

In a m-disubstituted compound (A), group theory7 leads us 

to expect four IR-active bands since the symmetry about the 

central metal is effectively C2v, and the CO vibrations sp거n 

the representation 2务 + bt + b2.

In a type (B), group theory tells us that there is 0미y one 

infrared active species, v(CO) mode, e"，for these complexes 

of D4A symmetry. In this sense, the numbers of a characteristic 

CO stretching modes in the carbonyl region are quite helpful 

in determining whether a cis- or Zraws-disubstituted compound 

is present.

The infrared spectrum of Fe(CO)4(Cp2ZrR)2 is shown in 

Figure I along with that of the starting material Na2Fe(CO)4 

which has one broad peak at 1788 cm-1 due to the anion 

Fe(CO)42~. In both compounds (R = CH3, C8H17), there are four 

well-separated bands. These bands are shifted to higher fre

quency than those of the anion Fe(CO)42-. This indicates that 

the reaction resulted in the formation of a neutral species. Four 

bands at 2046, 1022, 1995, and 1965 cm"1 of compound 

Fe(CO)4[Cp2Zr(C8H17)] taken in cyclohexane are clearly in

dicative of a Ws—structure about the iron center of the zir

conium moieties. Similar patterns were observed in Fe(C0)4 

(SiMe2CH2CH2 SiMeJ,8 Fe(CO)4(SiMe3)2/ Fe(C0)4 (CF2CF2 

H)?,侦 Fe(C0)4(HgBr)2,n or OS(CO)4(SiMe3)2.12 The infrared 

spectrum of Fe(CO)4(Cp2ZrCH3)2 taken on nujol mull shows 

two strong bands, 2030 and 1946 cm'1, with shoulders at 1958 

cm'1 and 1938 cm-1. When these compounds are compared
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with that of Fe(CO)4(Cp2ZrCl)2,1J which 마lows one major peak 

at 1970 cm-1, the structure of both compounds clearly is seen 

to be (次-substituted compound (1)

CO

Cp2* 
R CO 貯

ZrC8H|7)2 아lows three peaks. The peaks at 5.92 ppm, 1.31 

ppm and 0.97 ppm are assigned to the Cp, methylene and CH3 

groups, respectively. One sharp peak at 5.92 ppm indicates 

complete equivalence of the protons on the cyclopentadienyl 

rings. It is somewhat upfield from other metal-metal bonded 

complexes containing the group IV-B metal, such as Cp2 

ZrCH3FeCp(CO)2 in which it appears at 6.25 ppm. This result 

also shows that the electron density on iron of Fe(C0)4 

(Cp2ZrC8H,7)2 is higher than on Fe in other similar compounds. 

In the compound Fe(CO)4(Cp2ZrCH3)2t there are two peaks at 

5.78 ppm and 0.59 ppm, assigned to cyclopentadienyl and CH3, 

respectively. The integrated area is exactly 10:3.

The direct evidence for determining whether such a com

pound is cis- or 径s—substituted around the iron at the 

Fe(CO)2(I) 2- center could come from 13C NMR spectroscopy. In 

order to obtain a sharp, well resolved peak in the carbonyl 

region, the compound should be enriched with I3CO and the 

spectra be obtained at low temperature. The ,3C NMR spec

trum (see Figure 2) of Fe(CO)4(Cp2ZrC8H17)2 in d8-toluene at 

natural abundance shows one weak peak at 210.02 ppm at 

-40°C. On the other hand, 나le enriched l3C NMR 아lows two 

peaks at 210.51 and 209.53 ppm at - 40°C. The peak at 210.51 

ppm and one at 209.53 ppm are assigned to the equatorial and 

axial carbonyl group with respect to zirconium metal complex. 

It is in good agreement with that of ns-Fe(C0)4 (SiMe3)2.'4 

However, the l3C NMR spectrum 아lows one peak at 210.10 

ppm at room temperature. It may be attributable to a small 

energy barrier between the equatorial and axial carbonyl 

groups. In addition to that, there are peaks at 116, 32.5, 30.5, 

14.5 ppm. The band at 116 ppm is assigned to Cp. The band 

at 32.5 ppm is assigned to CH3. The other two bands are 

assigned to internal methylene groups.

(I)

The main cause of the difference in structural geometry 

between Fe(CO)4(Cp2ZrCl)2 and Fe(CO)2(Cp2ZrR)2 is not clear, 

but presumably it is due to electronic effects rather than steric 

hindrance. Four CO stretching bands of these compounds are 

clearly indicative of a czs-substituted structure. The positions 

of the bands associated with the carbonyl stretching vibra

tion are higher than those observed in iron pentacarbonyl, 

although this is in agreement w辻h the concept of higher for

mal charge on the iron group. The change in stereochemistry 

and effects of substituents are probably more significant in 

accounting for this small variation in energy. The spectrum 

observed for 나le compound of Fe(CO)4[Cp2Zr(C8HI7)]2 in the 

solid state, in nujol mull, was more complex and showed six 

bands at 2037, 2032, 2016, 1990, 1987 and 1956 cm-'. It may 

be related to the existence in the solid of more than one of 

the geometric isomers or to solid-state splitting. In contrast, 

the solution spectrum of Fe(CO)4[Cp2Zr(C8HI7)]2 was consis

tent with the presence of only one major isomer obeying the 

Civ selection rules for the carbonyl groups in the molecule.

The *H NMR spectrum of the compound Fe(CO)4(Cp2

In further studies, we are invesignating the syntheses of 

Fe-Ir metal-metal bonded complexes.
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The solvent coordination effect on the excited state processes of Mg(II)- and Zn(II)-phthalocyanines has been described. The 

triplet state of these compounds decays with mixed first and second order kinetics or mainly second order kinetics depending 

on the solvents used. The first order component of the rate constants decrease along with the series, dimethylsulfoxide 

(5-coordinated), 1-chloronaphthalene (4-coordinated) and piperidine (6-coordinated), while the second order rate constant 

is dependent on the diffusion rate constant of the solvents. The excited state quenching by methylviologen or p-benzoquinone 

is discussed. And ion recombination rate constant is given.

Introduction

The metallophthalocyanine has been the subject of many 

theoretical and experimental works because of their photo

catalyst character and similarities to biological systems. 

Therefore the photophysical and photochemical behavior of 

the biologically important metallophthalocyanine has been in

vestigated for a number of years?*4

Despite all these efforts, not much work has been done 

especially about the singlet excited state and the photoexcited 

electron transfer reaction. Another reason for difficulty is the 

limitation of the solubility. Also the metallophthalocyanine in

teracts strongly with its environment, both via the central 

metal atom and peripheral functional groups. Therefore in 

vitro measurements must be interpreted with the solvents 

employed. Through the previous resonance Raman studies5 

and X-ray crystal structure work6-7 on chlorophyll and 

bacteriochlorophyll, it is inferred that the central metal 

atom moves out of plane or in plane spending on the coor

dinating solvents. So the influence of different excited state 

energies must be considered along with the geometric effects 

of the solvent coordination on the photophysics of the 

metallophthalocyanine.

Also there is a difference in structure between the 

metallophthalocyanine.1 This structural change is also ex

pected to have an effect on the radiationless decay route in 

the excited singlet and triplet states (Figure 1).

Figure 1. The structure of metallophthalocyanine. M represents the 

metal.t This work was done at Washington University.
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One motivation for the study of the metallophthalocyanine 

and related pigments is to provide fundamental information 

that might be useful in the development of artificial systems 

tor photosynthetic energy coversion. We repo t the results 

of the triplet state spectra, kinetics, singlet state kinetics, and 

electron transfer reaction in various solvents. (DMSO, piperi

dine, and 1 -chloronaphthalene)

The state of coordination of the central metal (Zn, Mg) is 

either four, five, six or mixed in the solvents employed. Also 

we tried to see the electron transfer reaction upon the nanose

cond flash photolysis of the sample in DMSO with 30 mM 

MV2+ (methylviologen) and 50 mM p-benzoquinone.

Experimental

The samples of Mg(II)-phthalocyanine(Mg-Pc) and 

Zn(II)-phthalocyanine(Zn-Pc) are purchased from the 

Eastman-Kodak chemical Co., These Samples were used 

without any further purification. The p-benzoquinone 

(Aldrich) was purified by vacuum sublimation and stored in 

the dark in a refrigeator. Commercially available MVC12 

(Aldrich) was converted to 나le triflate (OTF) salt by the 

method of Milder et al.g in order to obtain greater solubility 

in organic solvents and to purify the MV2+. The MV (OTF)? 

obtained was stored in the dark in a dessicator. The solvents 

(DMSO, piperidine, and 1-chloronaphthalene) are spectral 

grade.

Our Ruby laser system is based on a Korad Q-switched 

Ruby laser which delivers a 35 ns, 694 nm single pulse every 

minute. Figure 2 presents the block diagram of our Ruby laser 

system. The maximum energy of the pulse is around 1000 mJ, 

however for most of sir experiments we reduced the energy 

to 150 - 200 mJ by changing the voltage of the flash lamp 

power supply unit.

The monitoring light was produced by a tungsten or AC 

xenon continuum source lamp. Right angle geometry was us

ed to eliminate the scattering light of the laser, with two 

monochromators before and after the sample with bandwidth 

10 nm.

A Hamamatsu 1P28A or R928 photomultiplier tube is 

located in a housing attached to the output slit of the 

monochromator after the sample. The current from the 

photomultiplier tube was read across a 10 K resistor into a 

Tektronix 468 digital storage oscilloscope (8 bit vertical resolu

tion, 512 channels across the horizontal line, 64 channels gives 

the pre-triggering points) which allows for averaging signals. 

The termination resistance to the oscilloscope could be chang

ed depending on the time scale. A voltage of 300 to 400 V 

was applied to the PMT to obtain a quiescent offset voltage 

of 200 mV. The voltage change was converted to absorbance 

change according to the formula; AA = logIO (Vo/，/[Vfl//-AV]). 

The trigger pluse from the voltage supplier for the Pockels 

Cell went through the external trigger input of the oscilloscope 

by the BNC cable. This gives a synchronous triggering with 

the firing of the Ruby laser system.910 The time resolution 

of this set-up was 15 卩s. Singlet absorption spectra and 

picosecond time scale kinetic measurements were perform

ed with a dual beam picosecond flash photolysis apparatus us

ing 35 ps duration of 532 nm or 355 nm excitation pulses. The 

details of picosecond laser experimental system were describ

ed elsewhere.11 The samples used were rigorously degassed 

by freeze-pump-thaw method (8 to 10 cycles each) on a high 

vacuum system (< 1 micron pressure) and sealed. The samples 

used in picosecond experiment are flowed. The concentration 

of the sample is adjusted for 0.5 A in the ground state absorp

tion in the Q band region.

Results and Discussion

I. Ground State. Most metallophthalocyanines belong to

TEKTRONIX 468OSCILLOSCOPE
Figure 2. Block diagram of ruby laser system.
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the point group D4h. According to the development of Gouter- 

man and coworkers,1-3 the HOMO orbital is a】” (n) and the 

next low니ying filled orbital is a2w(n). The LUMO is eg(n*). 

Transitions from alu and a2u to eK are responsible for two 

*EU -* 'Al# (n-n*) transitions labeled as the Q band (13,300- 

16,500 cm-1) and Soret band (22,300-31,200 cm-1) character

istic of the spectra of all metallophthalocyanine species. In 

addition, metallophthalocyanines exhibit one or two weaker 

bands near 16,500 cm'1 attributable to vibrational overtones 

of the Q band.12 Main group (closed shell) phthalocyanines 

show no electronic bands other than these below about 33,000 

cm-1. Several metallophthalocyanines exhibit fluorescence 

and/or phosphorescence from the 3EW state associtated with 

the Q band. Such phosphorescence is commonly seen near 

9,500-10,500 cm-1. Absorption of the 3EM state, however, is 

strongly forbidden and is not observed. We have taken the 

ground state spectra of Mg-Pc and Zn-Pc in piperidine, 

DMSO and 1 -chloronaphthalene. In piperidine and DMSO the 

Q band and Soret band are shifted to the red by 3-4 nm com

pared with in 1-Cl-naph. We conclude that there is a coor

dination change depending on solvents. Even though the 

separation of the peaks is too small to interpret the coordina

tion number, it is believed that the sample makes 6-co- 

ordinated complex in piperidine and 5-coordinated complex 

or 5- and 6-coordinated mixture in DMSO. Our interpreta

tion of these data comes mainly from the behavior in basic 

solvents of metalloporphyrins and bacteriochlorophylls?314

II. Singlet State. Because of the limited solubility of Zn- 

Pc in 1-Cl-naph, only the Mg-Pc* lifetime was measured in 

1-Cl-naph, DMSO, and piperidine. The measured value was 

5±2 ns in DMSO. The error associated with this measure

ment is larger than the other compounds on our picosecond 

apparatus. In the other two solvents the lifetimes seem too 

long to detect within our picosecond system detection time 

range, and the data also looks much scattered in these two 

solvents. Furthermore, because the samples strongly fluoresce 

around the Q band region, we limited the picosecond laser 

work to the blue side of the Q band. That is another reason 

for scattering of data points in kinetics. However, we can 

roughly state that the coordination number of metal is impor

tant in the decay of the singlet states.

Therefore the out-of-plane metal geometry in DMSO 

which is expected in 5-coordination case seems to have an 

effect on ISC. This effect becomes even more pronounced, 

because there is no methine C-H bond vibrations in phthalo

cyanines to provide an effective route for radiationless 

decay. From the equation of Bowman's work,15 the integral 

<n\dH/dQ| metal l*> is large since the electrons in the four 

metal-N coordination bonds in chlorophyll are strongly mix

ed with the p-orbitals on the nitrogen. Likewise, the integral 

<11|瓦川*> contains large one center contributions from atomic 

orbitals centered on the nitrogen atoms of Chi.. From these 

theoretical views, our data are explained qualitatively, 

especially shorter lifetime in DMSO.

III. Triplet State. The difference transient spectra for the 

formation of the triplet (Mg-Tcr, Zn-Pc7) were taken in 1-C1- 

naph (not shown), DMSO and piperidine (Figure 3 and 4). 

These transient spectra are similar to those reported 

previou이for some other metallophthalocyanines and 

show the same general characteristics of a broad absorption 

increase around 500 nm broken by the Q bleaching, a 

bleaching of the Qy band, and a bleaching of the Soret band

Figure 3. Transient state spectra for Mg(II) phthalocyanine in 

piperidine (A) at 100 卩s delay and in DMSO (•) at 40 ps delay following 

35 ns, 100 mJ, 694 nm ruby laser flashes.

Figure 4. Transient state spectra for Zn(II) phthalocyanine in 

piperidine (△) at 100ps delay and in DMSO (•) at 40 delay following 

35 ns, 100 mJ, 694 nm ruby laser flashes.

Figure 5. Triplet state decay curve for Mg(II) phthalocyanine in 

1-chloronaphthalene following 35 ns, 100 mJ, 694 nm ruby laser 

flashes.
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Figure 6. Triplet state decay curve for Mg(II) phthalocyanine in 

DMSO following 35 ns, 100 mJ, 694 nm ruby laser system.

Figure 7. Triplet state decay curve for Mg(II) phthalocyanine in 

piperidine following 35 ns, 100 mJ, 694 nm ruby laser system.

around 360-370 nm regions. But a distinction between the 

triplet difference spectra in piperidine and in DMSO is the 

round and broad absorption around 500 nm. Also there is a 

discrepency in the absorption at 570 nm. The absorption 

change at 390-400 nm is r이ativ이y small, this fact is useful 

in experiments described below for the identification of the 

Mg-Pc and Zn-Pc cation radicals. Representative decay 

curves for Mg-Pc' in 1-chloronaphthalene, DMSO and 

piperidine are shown in Figures 5, 6, 7, respectively. Kinetics 

for the decay follow mixed first and second order kinetics or 

mainly second order kinetics depending on the solvents 

employed. The observed second order rate constant which has 

been multiplied by 9/5 to correct for the spin statistics 

associated with the formation of the singlet ground state from 

the interaction of two spin-one states.13

In Table 1, the values represent the average from several 

deoxygenated samples and from the decay curves at different 

wavelengths, mainly Q and Soret band regions. The average 

values of Ki and K鄭 in 1-Cl-naph and DMSO are taken 

by plotting first and second order mixdecay plot. However 

in piperidine, the second order decay processes are so 

dominated and the average values are taken by plotting the 

second order decay. From these values it is easily notified that 

the kinetics is dependent on the solvents employed. In going 

from six- or four- to five-coordinated Zn- and Mg-phthalo- 

cyanines, the Mg and Zn atom moves out of plane of macrocy

cle. The resulting out-of-plane metal geometry has been sug

gested to increase the spin-orbit coupling and hence the triplet 

decay rate in chlorophyll by a factor of 1.75.15 The comparison 

between 6- and 4-coordinated species, it is inferred that the 

in-plane metal geometry is forced by two axial ligands bon

ding. Therefore this effect seems to decrease the spin-orbit 

coupling.

The other two possible factors is to shift the excited singlet 

state energy levels higher by the ligand coordination and to 

lower (n, n*) transitions on the pyrrole nitrogens by increas

ing coordination numbers.19 However these two effects are 

not consistent to our results, especially six-coordinated species 

case.

Another important mechanism of ISC is through C-H 

vibration but in metallophthalocyanines the carbon and 

hydrogen in the methine position of the macrocycle ring are 

replaced by nitrogen.15 Therefore the metal position on the 

macrocycle ring is more important factor than in Chi a case. 

However, it is unclear to explain the enormous kinetic 

behavior change between solvents. Especially in piperidine 

the triplet state is so long-lived, its decay process mainly 

through the second order kinetics. In DMSO, the triplet state 

becomes shorter-lived, the first order decay process par

ticipate in the overall decay. Finally in 1-Cl-naph, its decay

process is a intermediate case between DMSO and piperidine 

cases, even though the data is so scattered because of limited 

solubility of the sample in 1-Cl-naph. The second order rate 

component of the triplet state (Table 1) shows a dependence 

on the diffusion rate constant in a particular solvent rather 

than a coordination number. The diffusion rate constant was 

estimated from the solvent viscosity and the Debye equation 

kdiff = 8RT/(3000 ”).2。

Triplet yields for Mg-Pc and Zn-Pc in DMSO were 

measured by changing the strength of a 35 ns at 694 nm ruby 

laser flash. The was calculated from the initial slope of the 

absorbance change at the Soret band region. Our estimated 

values of $r were 6% in Mg-Pc and 4% in Zn-Pc. These lower 

triplet yields are consistent with previous work.12 A natural 

radiative lifetime in DMSO is estimated by using our measured 

value of sin이et lifetime = 5 ± 2 ns and an estimated 

fluorescence quantum yield of previous work on Mg-Pc 
=0.6.12 By the equation = 丁丿‘爲。，the natural radiative 

lifetime is about 8 ns. Also a yield for & - So is calculated 

as $/c = 1 - + $r) = 35 % for Mg-Pc in DMSO. These

calculated quantum yield values generally are in the same 

range as in previous work.21

IV. Quenching by quinone and methylviologen. Several 

quenchers were added to Mg-Pc and Zn-Pc to characterize 

the electron transfer reaction. Electron transfer reaction from 

Mg-Pc and Zn-Pc to p-benzoquinone or methylviologen has 

not been well characterized in this work. The absorption 

change at 390-400 nm in the triplet states of Mg-Pc and Zn- 

Pc is relatively small, this fact is useful for the ident迁ication 

of the Mg-Pc and Zn-Pc cation radicals. The quenching ex

periments were done only in DMSO, because of the solubili

ty in the other solvents. Figure 8 and 9 show the spectra 

obtained at 30 卩s delay after photolysis of Mg-Pc and Zn-Pc
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Table 1. Kinetic Summary for Mg-Pcr and Zn-PcT in 1-Cl-naph, DMSO and Piperidine

Solvent Coordination
k” 

(MT")

K, (s'*) K产" (M^s 니)

Mg Zn Mg Zn

1-Cl-Naph 4 2.2x109 (5 + 2)xl02 (5 ±2)x10， 109 IO。

DMSO 5 3.3x109 (2.3 ±0.3)x103 (3.7±0.3)xl03 2.6xl09 2,2x109

Piperidine 6 4.8x10s — — 4.5xl()9 4.6x109

Figure 8. Transient state spectrum for Mg(II) phthalocyanine with 

30 mM methylviologen in DMSO at 30 3 delay following 35 ns, 100 

mJ, 694 nm ruby laser flashes.

Figure 9. Transient state spectrum for Zn(II) phthalocyanine with 

30 mM methylviologen in DMSO at 30 卩s delay following 35 ns, 100 

mJ,nm ruby laser flashes.

in MV2+ with 35 ns flashes at 694 nm. Both the spectral and 

kinetic data suggest that the difference spectra are a composite 

of those of Mg—Pc' and Mg-Pc* or Zn-Pcr and Zn~Pct respec

tively. The rather sharp absorbance increase at 400 nm is a 

characteristic of the viologen monocation MV= while the Mg- 

Pct produces the shoulder around 420 nm region.1718

Table 2. Kinetic Summary for Triplet State Quenching by MV++ 

in DMSO

Ki (s-1) K2carr (M이sf
Solvent------------------------------Sample

660 nm 400 nm 660 nm 400 nm

1.3 xlO4 6xl09 5xl08 Mg-Pc + 30 mM MV2-

DMSO --------------------------------------------------

2.4xlO3 1.6xl09 3.4xl08 Zn-Pc + 30mM MV가

Figure 10. Transient state spectrum for Mg(II) phthalocyanine with 

50 mM p-benzoquinone in DMSO at 30 ps delay following 35 ns, 100 

mJ, 694 nm ruby laser flashes.

Table 2 tabulates mixdecay rate constants and second order 

rate constants depending on the wavelength. The rate con

stants taken at 400 nm represent major second order decay 

processes, while the rate constants at 660 nm produce the mix

ed first and second order decay processes. These observations 

stem from the fact that at 400 nm the triplet interference 

should be minimized, while at 660 nm the triplet species par

ticipate in overall decay processes. From these kinetic values, 

the recombination reactions between MV* and Mg-Pct or 

Zn-Pc* seem to be via the bimolecular processes with a rate 

constants a Httle lower than the diffusion rate constant of 

DMSO.'718 However, at 660 nm the major component is triplet 

state of Mg-Pc or Zn-Pc, therefore the overall processes 

follow the mixdecay like in DMSO without a quencher.

The similar spectra is taken with Mg-Pc in 50 mM p- 

benzoquinone (Figure 10), the spectrum also shows a charac
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teristic of cation radical species at 420 nm, however for Zn- 

Pc the electron transfer reaction experiment in p-benzo- 

quinone could not be done because of the decomposition in 

the ground state.
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New di- and triorganotin(IV) complexes ot meta- and para-phenylenebisdithiocarbamate(m- and p-pbdtc) have been syn

thesized and characterized by means of chemical analysis, mass spectrometry, and IR spectroscopy. The reaction of the m- 

pbdtc ligand with diorganotin(IV) halides resulted in 1:1 products, R2Sn - m-pbdtc (R 드 Me, Cy, n-Bu) of dimeric nature whereas 

the p-pbdtc ligand led to an oligomeric or polymeric structure. The pbdtc ligands were also reacted with triorganotin(IV) 

halides to form monomeric complexes, (R3Snh-pbdtc. The tin coordination chemistry of these complexes were also discussed 

in terms of Sn-C and Sn-S bonding modes.

Introduction

Since the first report on phenyltin(IV) dithiocarbamates in 

19651 dithiocarbamate complexes of alkyltin(IV) or aryltin(IV) 

with sulphur as the donor atom have been extensively studied 

with a view to establish relationship between structure and 

biological activity. The chemical and spectroscopic studies of 

these complexes have revealed that tin atom can expand its 

coordination number above four and that dithiocarbamate 

ligand would be monodentate or bidentate.2'6 In the previous 

study7 diorganotin(IV) ethylenebisdithiocarbamate (ebdtc) 

complexes of the type R2Sn(S2CNHCH2)2 were synthesized 

in our laboratory and characterized by X-ray crystallographic 

study. In an effort to extend this chemistry we wish to report 

the syntheses and properties of the new organotin(IV) com

plexes of the m- and p-phenylenebisdithiocarbamate (m- and


